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Lignocellulosic Bioethanol-Producing Fusarium
|Isolates from the Eastern Anatolia

Mehmet Karaday:, Medine Giilliice, *Burak Alaylar, Taha Yasin Kog, Mine saoglu

Abstract— Bioethanol with its unique features has been considered as one of the best alternatives to liquid fossil fuels mainly used for
transportation on roads and seas. On the other hand, the use of food-based raw materials in the production of first-generation bioethanol
significantly limits its use as fuel. This undesired situation forced research efforts on development of second-generation production
technologies where bioethanol is also produced from sustainable feedstock but, in this case, these feedstocks are not normally used for
human or animal consumption. In this regard, lignocellulosic biomass as non-food raw material and ethanol-producing fungi as
fermentative agents are commonly accepted as the most promising components for development of new biofuel sources. In this frame, the
present work was conducted to isolate ethanol-producing fungal strains from decaying lignocellulosic materials and identify active ones by
using molecular techniques. Decaying woody materials were collected from the forests in Erzurum and aseptically transferred to the
laboratory. Purification of isolates was done according to general procedures. Ethanol production capability of each isolate was determined
by the cultivation in modified BMC media and ethanol levels were determined by gas chromatography method. Molecular identification of
the ethanol-producing isolates was done by using PCR with universal ITS primers, sequencing of amplicons and the BLAST analysis on
NCBI database. According to the results, 4 active strains (MG35, MG43, MG58 and MG62) were determined and they produced bioethanol
at 5.35 g/L, 1.36 g/L, 6.92 g/L and 2.48 g/L concentrations in modified BMC media for 5 days of the fermentation process, respectively.
Finally, they were identified as Fusarium solani (MG35), F. oxysporum (MG43), F. verticillioides (MG58) and Fusarium sp. (MG62). As a
consequence of these results, it can be concluded that 4 wild-type bioethanol-producing Fusarium strains isolated from local areas of

Turkey and they may be useful for the development of new approaches for the fuel industry in the near future.

Index Terms— Bioconversion, Bioethanol, Biofuel, Fungi, Fusarium, Lignocellulose, Renewable Energy.

1 INTRODUCTION

he current economy of the world is predominantly de-

pendent on fossil fuels such as petroleum, coal and natu-

ral gas. These raw materials are the most basic elements
required by people for the heating, fuel for motor vehicles,
electricity generation and production of various industrial
products [1]. On the other hand, the reserves of these non-
renewable raw materials are drastically decreasing as a result
of the influence of increasing the world population [2]. In ad-
dition, the overuse of these raw materials frequently causes
detrimental effects on living organisms and the environment.
Such negative situations have become a driving force for re-
searchers in the matter of seeking for sustainable and eco-
friendly new energy sources.

Biofuels produced from biomass-based renewable raw mate-
rials are widely accepted as the most promising sustainable and
eco-friendly energy sources for the near future [3], [4]. Among
the recent biofuel technologies, the production of bioethanol is
the most studied and the well-understood one, which the his-
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tory of ethanol use goes back to the ancient times [5].

Bioethanol is considered as an energy source having the po-
tential to be an alternative of petroleum products used for
transportation in the fuel market. Moreover, the cost of bio-
ethanol production is comparable to that of fossil fuels; which
positively affects the bioethanol fuel studies and production
rates. According to the literature, world bioethanol production
was recorded at 31 billion liters in 2001 and 39 billion liters in
2006 and it is expected to reach over 100 billion liters in the
near future [2], [6].

Brazil and the United States of America, which are respon-
sible for 62% of the world's total bioethanol production, are
the two most important countries in this area. In Brazil, most
of the bioethanol used as fuel is produced from the sucrose
obtained from sugar cane; and it is mainly produced from
starch obtained from corn in the United States of America [7].
On the other hand, these raw materials, which are predomi-
nantly used in bioethanol production and are important food
sources for people and other living things, have been the main
source of many controversies and disagreements that have
prevented bioethanol from having more widespread use
around the world. Similarly, the use of various grains used as
animal feed in the production of bioethanol is also economi-
cally disadvantageous [6].

In solving this problem, lignocellulosic wastes, which are
not associated with the food of human beings and other living
things and do not provide economic value on their own, have
enormous potential [8]. According to the researches, it is as-
sumed that 491 billion liters of bioethanol can be produced
annually from the waste lignocellulosic material. This value
can be described as about 16 times that of current bioethanol
production around the world [2], [7].
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In this context, our present work was designed for the isola-
tion and identification of wild-type fungal strains that natively
live on decaying woody materials and have a potential for
bioethanol production from the lignocellulosic biomass.

2 MATERIALS AND METHODS

2.1 Collection of Decaying Woody Materials

Decaying woody materials were collected from the forests in
Erzurum (Table 1) and aseptically transferred to the laborato-

ry.

TABLE 1
SAMPLING LOCATIONS OF DECAYING WOODY MATERIALS

Locations Coordinates Sampling Counts
Pazaryolu  40°25'44”N - 40°50"13”E 10
Tortum 40°1815”"N - 41°31'56"'E 8

Olur 40°49'4"'N - 42°4'26"'E 34

2.2 Isolation of Fungal Strains

Isolation of fungal strains was done by repeated inocula-
tions on the potato dextrose agar [agar, 15 g/L; dextrose, 20
g/ L; potato extract, 4 g/L] plates till pure colonies were seen.

2.3 Determination of Bioethanol Production
Capabilities

Ethanol production capability of each isolate was determined
by the cultivation in modified BMC media [(NH4):SO4, 7.5
g/L; KHoPOy, 3 g/L; MgSO,*7H>0, 0.5 g/L; yeast extract, 2.5
g/L; mannose, 27 g/L; glucose, 9.7 g/L; xylose, 10 g/L; trace
metal solution 6.7 mL/L; vitamin solution, 0.7 mL/L] and eth-
anol levels were determined by gas chromatography (FID and
DBWAX capillary carbowax column).

2.4 Molecular Identification of the Bioethanol-
Producing Isolates

DNA isolation studies of the active strains were performed
with the method described by Karaday: in 2016 [9]. The ITS
gene regions were amplified using polymerase chain reaction
for molecular identification of the isolates. In this reaction,
ITS1  (5-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3") were used as forward and
reverse primers, respectively. The reaction was carried out in a
30 ul reaction mixture containing 1.2 pl of dimethyl sulfoxide
(DMSO), 1.5 mM MgCly, 0.2 mM each dNTP, 25 pmoles of
forward primer and reverse primer, 50 ng DNA template and
5 U Taq DNA polymerase along with reaction buffer. The re-
action was performed with an initial step at 95 °C for 2 min,
and 36 cycles of 1 min at 94 °C, 1 min at 55 °C, 2 min at 72 °C,
followed by a final 5 min extension step at 72 °C, then brought
down to 4 °C. Then, in the electrophoresis stage, 7 pl of the
PCR products was mixed with 3 pl of 6x gel loading buffer
and loaded onto an agarose gel (1.5% w/v) supplemented
with ethidium bromide. Electrophoresis was done in 0.5% TBE
(Trise-Borate-EDTA) buffer at 90 V for 120 min. The DNA
product was detected by using the Bio Doc Image Analysis

System with Uvisoft analysis package (Cambridge, UK). The
amplified gene products were sequenced by Macrogen Inc.
(Netherlands). The nucleotide BLAST (Basic Local Alignment
Search Tool) search program of NCBI was used to determine
the nucleotide sequence homology.

3 RESULTS

According to the results, 4 active strains (MG35, MG43, MG58
and MG62) were determined as bioethanol-producing fungal
strains in modified BMC media for 5 days of the fermentation
process (Table 2).

TABLE 2
ETHANOL YIELDS OF ACTIVE ISOLATES IN MBMC MEDIUM

Isolate Codes Ethanol Yields
MG35 5.35
MG43 1.36
MG58 6.92
MG62 2.48

These isolates were identified according to the sequence simi-
larities of their ITS gene region. The detailed data was given as
Table 3.

TABLE 3
TAXONOMIC AFFILIATION OF BIOETHANOL-PRODUCING STRAINS

Isolate The Closest Sequenced
Codes Relative Species Nucleotide
Counts
MG35 Fusarium solani 304
MG43 Fusarium oxysporum 355
MG58 Fusarium verticillioides 377
MG62 Fusarium sp. 396

4 DISCUSSION

Energy plays an important role in raising living standards;
economic and social development. Sustainable development is
also possible with a continuous and high quality energy sup-
ply [10]. The rapid decline of fossil fuels (e.g. coal, oil and nat-
ural gas), which is the most important energy source today,
and the environmental problems created by the resources,
necessitated the search for alternative energy sources and the
determination of new policies [1], [10], [11], [12], [13]. In this
context, it is envisaged that fossil fuels will be replaced by re-
newable energy sources such as wind, sun, hydrogen and bio-
fuels [13], [14], [15], [16], [17], [18], [19]. Among these alterna-
tive energy sources, biofuels attract attention because their
production is easy, feasible and technologically oriented [14],
[15], [16], [20], [21], [22]. Within biofuels, bioethanol, one of the
renewable energy sources in liquid form used for motor vehi-
cles, is increasingly used in our day [11], [14], [18], [22], [23],
[24], [25].
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However, the use of a major part of bioethanol produced
from the feedstocks with high nutritional value (e.g. corn and
starch) is significantly limited for living beings due to their
being edible by people and relatively their high costs [6].

In this manner, lignocellulosic materials with their non-
food nature are the most promising raw materials for the fu-
ture [8]. Lignocellulose is a heterogeneous substance consist-
ing of lignin, cellulose and hemicellulose. Although the six-
carbon glucose-fermenting microorganisms that make cellu-
loses are well-known, the number of identified microorgan-
isms that can use five-carbon sugars such as xylose and arabi-
nose in the hemicellulosic structure is very limited [20], [26].
To address this problem, limiting the production of bioethanol
from lignocellulosic material, some researchers have succeed-
ed in producing genetically modified Saccharomyces cerevisiae,
Zygosaccharomyces and Zymomonas mobilis microorganism spe-
cies [20]. Another genetically modified microorganism capable
of using five carbon sugars for the production of bioethanol is
Pichia stipites [20], [27].

However, an important problem encountered in the use of
genetically modified microorganisms in the production of bio-
ethanol from lignocellulosic materials is that these microor-
ganisms can not survive for a long time and return to the wild
characters at the beginning after several fermentation cycles
[27].

In the ongoing studies for solving this problem; it is envis-
aged to use newly isolated microorganisms from natural
sources that can produce bioethanol from both five-carbon
and six-carbon sugars [20], [26], [27].

On the other hand, the high degree of tolerance of selected
natural microorganisms against metabolic product inhibition
also increases the chances that these organisms can be used in
industrial scale production. Literature studies in this context
show that the most important groups of microorganisms with
high tolerance to ethanol inhibition are mold and yeast [27],
[28].

In this contex, 4 ethanol-producing fungal strain (Fusarium
solani MG35, F. oxysporum MG43, F. verticillioides MG58 and
Fusarium sp. (MG62) were isolated from the decaying lignocel-
lulosic woody materials collected from the nature.

These species obtained in the context of our current work
have been the main research focus of many literature works
with their unique enzyme production capacities. It is notewor-
thy, however, that some isolates, especially Fusarium ox-
ysporum, can both produce lignolytic enzymes and ferment
sugars with 5 and 6 carbon to ethanol [29]. These properties
make it possible to efficiently utilize Fusarium species in meth-
ods such as SSF (simultaneous saccharification and fermenta-
tion) and CBP (consolidated bioprocessing), which are devel-
oped to combine the steps of hydrolysis and fermentation of
the ethanol production process in a single reactor and thereby
reduce both final product inhibition and product cost. Fusari-
um species have great potential for the development of CBP
applications aiming to produce both cellulase production and
fermentation in a single microorganism (cellulolytic and fer-
mentative microorganism), especially during ethanol produc-
tion from lignocellulosic materials. Hossain et al. [30] have
indicated that Fusarium oxysporum can be used both in the hy-

drolysis step and in the fermentation step in ethanol produc-
tion from agricultural wastes.

In addition, in current studies, Fusarium species have been
used alone or in combination with other ethanol-producing
strains such as S. cerevisiae or other lignolytic enzyme produc-
ers such as Trichoderma reesei, and these studies have led to
significant improvements in the production of lignocellulosic
bioethanol [29}, [31], [32].

4 CONCLUSION

In conclusion, it is clear that the ethanol-producing Fusarium
species obtained from the present study could be used for ethanol
production from lignocellulosic raw materials similarly to the
previous studies. It is also thought that optimization studies can
contribute to an increase in the efficiency and to the development
of economically acceptable new technologies.

ACKNOWLEDGMENT

This work was supported by Republic of Turkey - Ministry of
Food, Agriculture and Livestock: TAGEM-13/ ARGE/17.

REFERENCES

[1] A. Uihlein and L. Schebek, “Environmental Impacts of a Lignocellu-
losic Feedstock Biorefinery System: An Assessment,” Biomass and Bio-
energy, vol. 33, no. 5, pp. 793-802, Feb. 2009.

[2] N. Sarkar, S.K. Ghosh, S. Bannerjee and K. Aikat, ’Bioethanol Pro-
duction from Agricultural Wastes: An Overview,” Renewable Energy,
vol. 37, no. 1, pp. 19-27, Jan. 2012.

[3] L.R.Lynd and M.Q. Wang, A Product - Nonspesific Framework for
Evaluating the Potential of Biomass-Based Products to Displace Fos-
sil Fuels,” Journal of Industrial Ecology, vol. 7, no. 3-4, pp. 17-32, Feb.
2003.

[4] N.E.A. El-Naggar, S. Deraz and Khalil A, “Bioethanol Production
from Lignocellulosic Feedstocks Based on Enzymatic Hydrolysis:
Current Status and Recent Developments,” Biotechnology, vol. 13, no.
1, pp. 1-21, Jan. 2014.

[5] S. Niphadkar, P. Bagade and S. Ahmed, “Bioethanol Production:
Insight into Past, Present and Future Perspectives,” Biofuels, vol. 9,
no. 2, pp. 229-238, July 2018.

[6] M.J. Taherzadeh and K. Karimi, “’Acid Based Hydrolysis Processer
for Ethanol from Lignocellulosic Materials: A Review,” Bioresources,
vol. 2, no. 3, pp. 472-499, Aug. 2007.

[7] D. Kim and B.E. Dale, “Global Potential Bioethanol Production from
Wasted Crops and Crop Residues,”” Biomass and Bioenergy, vol. 26, no.
4, pp. 361-375, Apr. 2004.

[8] A.B. Bjerre, A.B. Olesen and T. Frenqvist, “"Pretreatment of Wheat
Straw Using Combined Wed Oxidation and Alkaline Hydrolysis Re-
sulting in Convertible Cellulose and Hemicellulose,” Biotechnology
and Bioengineering, vol. 49, no. 5, pp. 568-577, Mar. 1996.

[9] M. Karadayi, “Determination of Efficient Microorganisms in Local
Ecosystems for Bioethanol Production as Renewable Energy Source,”
PhD dissertation, Dept. of Biology., Atatiirk Univ., Erzurum, 2016.

[10] K. Kavak, “Energy Efficiency in the World and Turkey and Investi-

gation of Energy Efficiency in Turkish Industry,” Thesis for Planning

Expertise, SPO-General Directorate of Economic Sectors and Coordi-

nation, Ankara, 2005 (in Turkish).

[11] B. Hahn-Hagerdal, M. Galbe, M.F. Gorwa-Grauslund, G. Liden and

IJSER © 2018
http://www.ijser.org



International Journal of Scientific & Engineering Research, Volume 9, Issue 5, May-2018

ISSN 2229-5518

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

G. Zacchi, “Bio-ethanol - The Fuel of Tomorrow From the Residues
of Today,” Trends in Biotechnology, vol. 24, no. 12, pp. 549-555, Oct.
2006.

L. Wright, “Worldwide Commercial Development of Bioenergy with
a Focus on Energy Crop-Based Projects,” Biomass and Bioenergy, vol.
30, no. 8-9, pp. 706-714, Aug.-Sept. 2006.

EIA (Energy Information Administration), ” Annual Energy Outlook
2012 with Projections to 2035,”” June 2012.

JJ. Cheng and G.R. Timilsina, “Status and Barriers of Advanced
Biofuel Technologies: A Review,” Renewable Energy, vol. 36, no. 12,
pp. 3541-3549, May 2011.

EERE (Energy Efficiency and Renewable Energy), “'Renewable Ener-
gy Data Book,” 2011.

M. Melikoglu and A. Albostan, “’Bioethanol Production and Potential
of Turkey,” Journal of the Faculty Engineering and Architecture of Gazi
University, vol. 26, no. 1, pp. 151-160, Mar. 2011 (in Turkish).

M. Wang, J. Wang and J.X. Tan, “Lignocellulosic Bioethanol: Status
and Prospects,” Energy Sources, Part A: Recovery, Utilization, and Envi-
ronmental Effects, vol. 33, no. 7, pp. 612-619, Jan. 2011.

A. Limayem and S. Ricke, “’Lignocellulosic Biomass for Bioethanol
Production: Current Perspectives, Potential Issues and Future Pro-
spects,” Progress in Energy and Combustion Science, vol. 38, no. 4, pp.
449-467, Aug. 2012.

RFA (Renewable Fuels Association), " Accelerating Industry Innova-
tion: 2012 Ethanol Industry Outlook,” 2012.

R.C. Kuhad, R. Gupta, Y.P. Khasa, A. Singh and Y.H.P. Zhang, "'Bio-
ethanol Production from Pentose Sugars: Current Status and Future
Prospects,” Renewable and Sustainable Energy Reviews, vol. 15, no. 9,
pp. 4950- 4962, Dec. 2011.

P.S. Nigam and A. Singh, “Production of Liquid Biofuels from Re-
newable Resources,” Progress in Energy and Combustion Science, vol.
37,no. 1, pp. 52-68, Feb. 2011.

WS. Lee, I.C. Chena, CH. Changa and S.S Yang, “Bioethanol Pro-
duction from Sweet Potato by co-Immobilization of Saccharolytic
Molds and Saccharomyces cerevisiae,”” Renewable Energy, vol. 39, no. 1,
pp. 216-222, Mar. 2012.

S.M. Lewis, “Fermentation alcohol,” Industrial Enzymology, T. God-
frey and S. West, 2nd ed., Newyork: Stockton Press; pp. 12-48, 1996.
A. Demirbas, ““Bioethanol from Cellulosic Materials: A Renewable
Motor Fuel from Biomass,” Energy Soutrces, vol. 27, no. 4, pp. 327-337,
Aug. 2005.

A K. Chandel, C. Es, R. Rudravaram, M.L. Narasu, L.V. Rao and P.
Ravindra, “Economics and Environmental Impact of Bioethanol Pro-
duction Technologies: An Appraisal,” Biotechnology and Molecular Bi-
ology Review, vol. 2, no. 1, pp. 14-32, Feb. 2007.

R.L. Kudahettige, M. Holmgren, P. Imerzeel and A. Sellstedt, “’Char-
acterization of Bioethanol Production from Hexoses and Xylose by
the White Rot Fungus Trametes versicolor,” Bioenergineering Research,
vol. 5, no. 2, pp. 277-285, June 2012.

M. Holmgren and A. Sellstedt, “Identification of White-rot and Soft-
rot Fungi Increasing Ethanol Production from Spent Sulfite Liquor in
co-Culture with Saccharomyces cerevisiae,” Journal of Applied Microbiol-
ogy, vol. 105, no. 1, pp. 134-140, July 2008.

M. Holmgren, “Optimization of Ethanol Production from Spent Sul-
fite liquor,” Licentiate Thesis, Dept. of Plant Physiology (UPSC),
Umeda Univ., Umea, 2008.

T. Paschos, C. Xiros and P. Christakopoulos, “’Simultaneous Sacchari-
fication and Fermentation by co-Cultures of Fusarium oxysporum and

[30]

[31]

[32]

IJSER © 2018
http://www.ijser.org

79

Saccharomyces cerevisine Enhances Ethanol Production from Liquefied
Wheat Straw at High Solid Content,” Industrial Crops and Products,
vol. 76, pp. 793-802, Dec. 2015.

S.M. Hossain, N. Anantharaman and M. Das, “’Bioethanol Fermenta-
tion from Untreated and Pretreated Lignocellulosic Wheat Straw Us-
ing Fungi Fusarium oxysporum,” Indian Journal of Chemical Technology,
vol. 19, no. 1, pp. 63-70, Jan. 2012.

T. Paschos, C. Xiros and P. Christakopoulos, “’Ethanol Effect on Met-
abolic Activity of the Ethalogenic Fungus Fusarium oxysporum,” BMC
Biotechnology, vol. 15, no. 15, pp. 1-12, Mar. 2015.

S.S. Ali, B. Nugent, E. Mullins and F.M. Doohan, “Fungal-mediated
Consolidated Bioprocessing: The Potential of Fusarium oxysporum for
the Lignocellulosic Ethanol Industry,” Applied and Industrial Microbi-
ology and Biotechnology, vol. 6, no. 13, pp. 1-13, Feb. 2016.



