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Normally, paddy straw was disposed of via open burning even though it
contains valuable lignocellulosic materials which can be readily converted into
fermentable sugar for bioethanol production. The second-generation of
bioethanol production utilizes useful lignocellulosic substrates especially
cellulose for bioconversion process. However, this material is enclosed within
hemicellulose and lignin matrix in the cell wall, making the accessibility of
cellulose become the major problem in bioethanol production from such
sources in consolidate bioprocessing (CBP). The CBP is preferable as it
produces faster saccharification result, low risk of contamination and cost-
effective. Nevertheless, finding an optimize condition for efficient bioethanol
production in CBP is still ambiguous as a different strain of lignocellulolytic
fungi has their own environment preferences. Therefore, the main aim of this
study is to explore a new approach in converting paddy straw into bioethanol
using only filamentous fungi throughout the entire CBP process, thus
eliminating the use of yeast as a fermenter organism. In this study, the
research objectives involves the pretreatment method of paddy straw, selecting
the best lignocellulolytic agent for hydrolyzation, optimizing all factors
influencing the bioethanol production via one-factor-at-a-time (OFAT) as well
as Response Surface Methodology analysis (RSM) and evaluating the final
CBP set-up.

Paddy straw sieved into three different sizes; 2 mm, 5 mm and 8 mm were
prepared and underwent several physical pretreatment (autoclave, boil) and
chemical pretreatment (HNOs and NaOH). Size five millimeter paddy straw
showed the highest cellulose content (35.61%) and the percentage of cellulose
content went escalated to 72.47% when pretreated with 2% (w/v) sodium
hydroxide (NaOH). Pretreatment of 2% (w/v) NaOH also shown the most
efficient delignification and desilication process (1.02% lignin; 5.44% ash
content) compared to others. All strains of fast-growing fungi were



quantitatively assayed and the results indicate that the highest cellulases
enzyme producer were Trichoderma asperellum B1581 (3.93 U/mL
endoglucanase; 2.37 U/mL exoglucanase; 3.00 U/mL B-glucosidase; 54.87
U/mL xylanase), followed by Aspergillus niger B2484 (5.60 U/mL
endoglucanase; 1.08 U/mL exoglucanase; 1.57 U/mL B-glucosidase; 56.85
U/mL xylanase). A further test on compatibility test revealed mutual
intermingling between both T. asperellum B1581 and A. niger B2484. Six single
factors that are crucial for bioethanol production were tested in one-factor-at-a-
time (OFAT) analysis for both selected strains of lignocellulolytic fungi. With all
factors combined, T. asperellum B1581 prefers 2 days of both saccharification
and fermentation process at 30°C with an amount of 3% substrate level and
10% of media level. While A. niger B2482 prefers 3 days of saccharification, 1
day of fermentation; at 30°C with an amount of 2% substrate level and 20% of
media level. The results produced by OFAT were used as the centre point in
the Central Composite Design (CCD) through Response Surface Methodology
(RSM) software. However, comparison between the actual and the predicted
value of ethanol produced in RSM’s recommended CBP set-up for both T.
asperellum B1581 and A. niger B2484 showed no significant difference, thus
proving the model’s stability to navigate experiment. In order to test
effectiveness T. asperellum B1581 and A. niger B2484 as a fungi consortium,
several combination of consortia concentrations (spore/mL) were tested and
the amount of ethanol was quantified. However, a single strain of T.
asperellum B1581 (6:0) was able to match the amount of ethanol produced by
consortia of T. asperellum B1581 and A. niger B2484 (5:1, 4:2, 3:3, 2:4 and1:5)
by producing the highest total amount of ethanol (1.11 g/L). The final amount
of ethanol detected by GC-FID was 1.25 g/L; which was not significantly
different from the ethanol assayed spectrometrically (1.11 g/L).

As a conclusion, a pretreatment of size 5 mm using 2% (w/v) NaOH had
enhanced the breaking of cellulose-lignin complex, delignification, and
desilication. Thus making the paddy straw becomes feasible for biofuel
production. Both T. asperellum B1581 and A. niger B2484 were found to
produce the highest cellulase enzyme and displayed mutual intermingling
relationship suggesting the possibility of fungal consortium formation between
these two species. Even though the recommended model for CBP set-up by
RSM showed no significant differences between an actual and predicted value
of ethanol produced, both species unable to improve the value of ethanol
produced as consortia compare to single T. asperellum B1581 culture set-up.
Thus, indicating that the potential of T. asperellum B1581 as single culture for
bioethanol production in consolidated bioprocessing (CBP).
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Pada kebiasaannya, jerami padi dilupuskan secara pembakaran terbuka
walaupun ianya mengandungi bahan lignoselulosa yang dapat diubah menjadi
gula fermentasi bagi penghasilan bioetanol. Bioetanol generasi kedua
menggunakan substrat lignoselulosa yang penting terutamanya selulosa untuk
proses biopenukaran. Namun begitu, bahan tersebut dilindungi rapi oleh
hemiselulosa dan matriks lignin dalam dinding sel, lantas telah menjadi
masalah utama dalam mengakses selulosa untuk pengeluaran bioetanol dari
sumber tersebut menggunakan kaedah penyatuan bioproses (CBP). Keadah
CBP adalah lebih sesuai digunakan kerana ia membolehkan proses
pensakaridaan berlaku lebih cepat, kurang risiko pencemaran dan kos efektif.
Walau bagaimanapun, pencarian keadaan yang optima bagi penghasilan
bioetanol melalui CBP masih tidak jelas kerana kulat lignoselulolitik yang
berlainan mempunyai pilihan persekitaran yang tersendiri. Oleh itu, tujuan
utama kajian ini adalah untuk meneroka pendekatan baru dalam mengubah
jerami padi menjadi bioetanol dengan hanya menggunakan kulat filamen
sepanjang proses CBP, dan seterusnya mengelak penggunaan yis sebagai
organisma penapaian. Oleh itu, matlamat penyelidikan merangkumi kaedah
pra-rawatan untuk jerami padi, memilih agen lignoselulolitik yang terbaik untuk
hidrolisis, mengoptimakan semua faktor yang mempengaruhi penghasilan
bioetanol melalui satu faktor-pada-satu masa (OFAT) serta kaedah analisis
tindakbalas permukaan (RSM) dan menilai tetapan akhir CBP.

Jerami padi telah ditapis menggunakan saiz yang berlainan; 2 mm, 5 mm dan
8 mm yang disediakan dan dikenakan pelbagai pra-rawatan fizikal (autoklaf,
pendidihan) dan pra-rawatan kimia (HNOs dan NaOH). Saiz lima millimeter
jerami padi telah menunjukkan kandungan selulosa tertinggi (35.61%) dan
peratusan kandungan selulosa meningkat sehingga 72.47%. apabila dirawat
dengan 2% (w/v) Natrium hidroksida (NaOH). Pra-rawatan 2% (w/v) NaOH
juga menunjukkan proses penghapusan lignin dan desilikasi yang paling



berkesan (1.02% lignin; 5.44% kandungan abu) berbanding dengan yang lain.
Semua jenis kulat yang mempunyai kadar pertumbuhan yang cepat telah diuji
secara kuantitatif dan hasilnya telah menunjukkan bahawa pengeluar enzim
selulase yang tertinggi adalah Trichoderma asperellum B1581 (3.93 U/mL
endoglucanase; 2.37 U/mL exoglucanase; 3.00 U/mL B-glucosidase; 54.87
U/mL xylanase), diikuti oleh Aspergillus niger B2484 (5.60 U/mL
endoglucanase; 1.08 U/mL exoglucanase; 1.57 U/mL B-glucosidase; 56.85
U/mL xylanase). Ujian lanjut mengenai keserasian antara dua jenis kulat yang
berbeza telah menunjukkan tiada persaingan antara kedua-dua pencilan T.
asperellum B1581 dan A. niger B2484. Enam faktor telah diuji dalam analisis
satu faktor-pada-satu masa-(OFAT) untuk kedua-dua jenis kulat lignoselulolitik
yang terpilih. Dengan menggabungkan semua faktor, T. asperellum B1581
memberi respon yang optima pada hari kedua bagi kedua-dua proses
sakarifikasi dan penapaian pada suhu 30°C dengan jumlah paras substrat 3%
dan 10% tahap media. Sementara A. niger B2482 memberikan respon yang
optimum pada hari ketiga proses sakarifikasi, 1 hari penapaian; pada suhu
30°C dengan jumlah substrat 2% dan 20% tahap media. Keputusan yang
dihasilkan oleh OFAT telah digunakan sebagai titik tengah dalam Rekabentuk
Komposit Sentral (CCD) melalui kaedah analisis tindakbalas permukaan
(RSM). Walau bagaimanapun perbandingan antara nilai sebenar dan nilai
ramalan etanol yang diberikan oleh perisian RSM untuk T. asperellum B1581
dan A. niger B2484 tidak menunjukkan perbezaan yang nyata, dan telah
membuktikan kestabilan model untuk digunapakai bagi tujuan eksperimen.
Untuk menguiji keberkesanan T. asperellum B1581 dan A. niger B2484 sebagai
konsortium kulat, beberapa kombinasi kepekatan konsortia (spora/mL) telah
diuji dan jumlah penghasilan etanol ditentukan. Namun, T. asperellum B1581
(6:0) dapat menandingi jumlah etanol yang dihasilkan oleh konsortium T.
asperellum B1581 dan A. niger B2484 (5:1, 4:2, 3:3, 2:4 dan 1:5) dengan
penghasilan jumlah etanol yang tertinggi (1.11 g/L). Jumlah akhir etanol yang
dikesan oleh GC-FID adalah 1.25 g/L; di mana nilainya tidak jauh berbeza
dengan nilai etanol yang diuji secara spektrometri (1.11 g/L).

Sebagai kesimpulan, pra-rawatan padi dengan saiz 5 mm menggunakan 2%
(w/v) NaOH telah meningkatkan pemecahan kompleks selulosa-lignin,
penghakisan lapisan lignin dan desilikasi. Oleh itu menjadikan jerami padi
layak dan sesuai digunakan untuk penghasilan bioetanol. Kedua-dua T.
asperellum B1581 dan A. niger B2484 menunjukkan keupayaan dalam
menghasilkan enzim selulase tertinggi dan mempunyai hubungan
percampuran yang baik untuk pembentukan konsortium kulat antara dua
spesies ini. Walaupun model yang disyorkan untuk proses CBP oleh RSM tidak
menunjukkan perbezaan yang nyata antara nilai sebenar etanol dan ramalan
yang dihasilkan, kedua-dua spesies tidak dapat meningkatkan nilai etanol yang
dihasilkan secara konsortia berbanding dengan tetapan kultur tunggal T.
asperellum B1581. Oleh itu, penggunaan kulat T. asperellum B1581 secara
tunggal mempunyai potensi untuk digunakan bagi pengeluaran bioetanol
menerusi proses CBP.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

In December 2017, the Food and Agriculture Organization (FAO) has elevated
its estimation of global rice production in the year 2017 by 2.9 million tonnes to
759.6 million tonnes (503.9 million tonnes, milled basis) and China remains the
largest paddy producer in the Asia region (FAO, 2018). Rice is one of the most
favorite staple food for Malaysian, and with the implementation of National
Agrofood Policy 2011-2020 (NAP 4), the local rice production has been
increased to ensure country’s stock of rice is sufficient to meet future demands
as the population of Malaysian increases over the years (Rajamoorthy, Abdul
Rahim and Munusamy, 2015). About 23% of overall paddy weight will generate
a by-product known as paddy straw, which is frequently disposed off by open
burning to clear the fields for the next cycle of rice planting (Kaur and Phutela,
2018). Paddy straw are also refered as an agricultural waste comprising of
the dry stalks of crops and usually collected after harvesting period (Bakker,
Elbersen, Poppens and Lesschen, 2013). The disposal of paddy straw through
open burning was carried out to eliminate the sources of rat infestation, insect
pests and to prevent rice diseases (Rosmiza, Davies, Rosniza Aznie, Mazdi
and Jabil, 2014). Burning of biomass material releases wide-range of gases
such as carbon monoxide (CO), carbon dioxide (CO2), methane (CHa),
aldehyde, organic acid and inorganic elements, volatile and semi-volatile
organic compounds, and particulate matter (PM); affecting people lives nearby
(Yadav and Devi, 2018).

Paddy straw is normally being utilised as materials for cattle feed, fuel for
residential cooking, thatching for rural houses, gasification, power generation,
mulching material, and paper mills (Roy and Kaur, 2015). The compositions of
paddy straw are 32.15% cellulose, 28% hemicellulose and 19.6% lignin; which
contains major constituents of lignocellulosic materials (Shawky, Mahmoud,
Ghazy, Asker and Ibrahim, 2011). Ideally, only cellulose and hemicellulose
have the ability to be converted into fermentable sugars (Moiser et al., 2005).
These lignocellulosic materials (wood and agricultural crops residue) are
promising feedstock for generating variety of great products such as bioethanol
(Yoswathana, Phuriphipat, Treyawutthiwat and Eshtiaghi, 2010).

Biofuels are renewable and sustainable energy resources which offer an
alternative solution to our conventional fuel sources dilemma as well as an
effort to put a halt to climate change (Hidayat, Rochmadi, Wijaya and Budiman,
2016). Up to June 2017, the Malaysia Automotive Association (MAA) has
released the total number of Malaysian vehicles on the roads standing at
28,181,203 units (MAA, 2017). With the advancements in the transportation



industry in Malaysia, the demands of energy have increased over the years and
urged scientist to develop new renewable energy source to replace the ordinary
conventional fuel. Research on renewable energy has gained supports from
Malaysian government with the implementation of 5-Fuel Policy (2001) under
the 8t Malaysia Plan, in which targeted to achieve 5% mixture of RE, but, only
manage to achieve 1.8% in the following year (Loh and Choo, 2013).

The development of first-generation bioethanol based on food crops suffers
from the criticism due to competition between food supply and bioethanol
development; causing a sudden increase in food prices (Naik, Goud, Rout and
Dalai, 2010). The weakness of first-generation bioethanol has highlighted the
need to develop second-generation bioethanol based on lignocellulosic agro
waste (Sims, Mabee, Saddler and Taylor, 2010). The second generation
bioethanol develops from woody biomass are more energy efficient, flexible in
terms of their feedstock and not competing with the human food resources
(Havlik et al., 2011). Currently, the most progressive technologies in bioethanol
production are focusing on transforming lignocellulosic feedstock into
transportation energy (Bakker et al., 2013). Theoretically, paddy straw can
generate up to 205 billion liter ethanol across the globe, from a single biomass
feedstock with only 5% of total consumption (Belal, 2013).

In order to develop bioethanol efficiently and cost-effective from cellulosic
feedstock, the degradation of biomass by energetic cellulases and fermentation
by dynamic fermentative microorganism are basically important (Takano and
Hoshino, 2012). In this case, the lignocellulolytic fungi are the best choice.
There are many species of lignocellulolytic fungi such as Aspergillus sp.,
Trichoderma sp., Fusarium sp. and Neurospora sp. (Ferreira, Mahboubi,
Lennartsson and Taherzadeh, 2016). These natural occurring fungi may have
several benefits with their fermentability in producing bioethanol over the
standard baker's yeast Saccharomyces cerevisiae (Okamoto, Nitta, Maekawa
and Yanase, 2011). Most of the lignocellulolytic fungi secrete extracellular and
hydrolytic enzymes that work as a biocatalyst for lignin and cellulosic materials
degradations (Mtui, 2012). These enzymes comprise of cellulolytic enzymes
(e.g cellulase) and ligninolytic enzymes (e.g lignin peroxidase, manganese
peroxidase and laccase) (Manavalan, Manavalan and Heese, 2015). Cellulase
is a family of at least 3 groups of enzymes; endo-(1,4)-B-D-glucanase (EC
3.2.1.4), exo-(1,4)-B-D-glucanase (EC 3.2.1.91), and B-glucosidases (EC
3.2.1.21) (Kuhad, Gupta and Singh, 2011a). Researchers have developed
strong interests in the production of cellulases as of their utilizations in
industries of alcohol fermentation, brewing, pulp and paper industry as well as
textile industry (Nasr, Badawi, Mona, Demerdash and Barakat, 2015). Besides,
cellulose and hemicellulose content can be enzymatically degraded into simple
sugars by cellulases and hemicellulases (Berlowska et al., 2016).

There are 4 significant processes for robust lignocellulosic biomass production
which depend on the variations in saccharification or fermentation conditions:
separate hydrolysis and fermentation (SHF), simultaneous saccharification and



fermentation (SSF), consolidated bioprocessing (CBP) and simultaneous
saccharification and co-fermentation (SSCF) (Parisutham, Kim, and Lee, 2014).
The consolidated bioprocessing, or CBP, converts lignocellulosic material into
desired products in a single step without adding exogenous enzymes and this
process certainly has been a subject of research interest in recent years (Olson,
McBride, Shaw and Lynd, 2012). A combination of enzyme secretion,
saccharification, and fermentation process in the same bioreactor has been
known for economical manufacturing of bioethanol by evading the high
expenses on investment, feedstock as well as the equipment for microbial
enzyme production (Hasunuma et al., 2013). The principal of cost reduction in
CBP derives from either: (1) fermentative organism secretes essential
cellulolytic enzymes for degradation of biomass or (2) cellulolytic organism
which has the ability to ferment and thus eliminating the need for a separate
enzyme production step (Linger and Darzins, 2013).

1.2 Problem statement

Even though bioethanol may induce various benefits that lead towards
minimizing the environmental impact, more research is required especially in
fermentation technology modification, preparation of raw materials and for
economical bioethanol production (Bhatia, Johri and Ahmad, 2012). Paddy
straw is a good material for the development of bioethanol but the presence of
high ash and silica content in the feedstock has limited the bioconversion
process to occur efficiently (lbrahim, 2012). Unlike the first-generation of
bioethanol, the second-generation utilizes the lignocellulosic substrates known
as cellulose which is enclosed within hemicellulose and lignin matrix in the cell
wall, making the accessibility of cellulose become the major problem in
bioethanol production from such sources (Wi, Choi, Kim, Kim and Bae, 2013).

The mechanism of bioconversion process involved the production of sugars
from biomass which requires new biotechnological improvements in order to
ensure their efficiency enhancement and also economically applicable.
Although some fungal strains are exclusively known as lignocellulolytic and
thermostable, most of these fungal strains failed to secrete satisfactory amounts
of cellulolytic enzymes that are mandatory for a productive cellulose conversion
into desired product (Dashtban, Schraft and Qin, 2009). Choosing an
appropriate cellulase for saccharification process is extremely challenging as
each material have structural difference and difference of enzymatic activities in
industrial cellulase reagents (Takano and Hoshino, 2018).

Besides selecting a productive strain, designing a suitable culture condition is
also crucial to improve the efficiency of ethanol production systematically by
either adding or eliminating components from the formulation, which resulted in
a more stabilized and reproducible culture conditions (Dong, Zhao, Ma and
Zhang, 2012). The amount of cellulase production seems to rely upon several
factors such as incubation period, pH, temperature, carbon, nitrogen sources
and cations (Gautam et al., 2011).



The consolidated bioprocessing (CBP), in which enzyme secretion, break down
of substrate, and fermentation process is achieved in one-step using either
single microorganism or a group of compatible microorganisms and also known
as the most economically attractive method for bioconversion of lignocellulosic
biomass into bioethanol (Olson et al., 2012; Ho et al.,, 2012; Wang et al.,
2015a). However, the most difficult step in CBP is the selection of an
appropriate microorganism or microbial consortium that secretes suitable
hydrolytic enzymes corresponding to the lignocellulosic material, and produce
ethanol (Paulova, Patakova, Branska, Rychtera and Melzoch, 2015).

1.3 Objectives of the study

The idea of this study is to utilize pretreated paddy straw as bioethanol material
using consolidated bioprocessing (CBP) approach with the help from
lignocellulolytic fungi. Therefore, the main aim of the study is to explore the use
of lignocellulolytic fungi in consolidated bioprocessing (CBP) for an efficient
conversion of paddy straw into bioethanol. The outline of the research approach
is shown in Figure 1.1 and the design of the study was based on the following
specific objectives to address the foregoing issues as stated in 1.2:

i. To determine the optimized pretreatment method for paddy straw in
removing silica, delignification and enhanced the accessibility towards
cellulosic content

ii. To determine the best lignocellulolytic agent for hydrolyzation of
lignocellulosic materials of paddy straw.

iii. To determine the factors that influences the optimization of bioethanol
production via one-factor-at-a-time (OFAT) analysis and optimizing the
physico-chemical parameters using Response Surface Methodology
analysis (RSM).

iv. To evaluate the efficiency of the final CBP set-up using either single
microbe or consortium microbes to improve the amount of ethanol yield.



- PADDY STRAW

78]

> COLLECTION |

G v

w PADDY STRAW

= PRETREATMENT

(o] T .
_ v ’

SAMPLE PREPARATION 13

|
v

SCREENING AND SELECTION

Primary screening (Kausar et al., 2010)
Enzymatic degradation of lignin assay
using tannic acid & polyphenol
oxidase (PPQ) as an indicator.
Enzymatic degradation of cellulose
using CMC media and Congo red as
clearing zone indicator.

OBJECTIVE 2
A

ONE-FACTOR-AT-A-TIME
(OFAT) ANALYSIS

Optimizing each of the factors influence SSF
process

* Temperature of Fermentation

Days of Saccharification

Days of Fermentation

Substrate Level

Media Level

Temperature of Saccharification

OBJECTIVE 3

*need to be carried out in a sequence pattern

Figure 1.1: Summary of research

Ash content determination (Han and Rowell, 1997)
Physical & Chemical Pretreatment (Han and Rowell, 1997)

Different size (2 mm, 5 mm, 8 mm)
A series of acid & alkali treatment

strains of fungi; 6 different species
e.g

Aspergillus niger

Trichoderma asperallum

Fusarium oxysporum

Curvularia lunata

Curvularia eragrostidis

Secondary screening (Jaafaru, 2013)
+ Endoglucanase

* Exoglucanase

* B-glucosidase

* Xylanase

——-—> RESPONSE SURFACE METHODOLOGY

Factors and range for RSM:

* 36-84 hours of saccharification

* 12-60 hours of fermentation

+ 27-32°C temperature of saccharification
* 27-32 °C temperature of fermentation

* 1.5%-3.5% substrate level

* 5%-25% media level

I _

A4

Consortia Compatibility
Test

v

Gas Chromatography

¥ 3IAlLO3rdo

* Using GC-FID to know the volume of
ethanol available

design and attainment of objectives

€ AAILO3rd0



REFERENCES

Abo-State, M.A., Ragab, A.M.E., EI-Gendy, N.S., Farahat, L.A., and Madian,
H.R. (2014). Bioethanol production from rice straw enzymatically
saccharified by fungal isolates, Trichoderma viride F94 and Aspergillus
terreus F98. Soft, 3, 19-29.

Acharya, S., and Chaudhary, A. (2012). Bioprospecting thermophiles for
cellulase production: A review. Brazilian Journal of Microbiology, 43, 844-
856.

Agbor, V.B., Cicek, N., Sparling, R., Berlin, A., and Levin, D.B. (2011). Biomass
pretreatment: Fundamentals toward application. Biotechnology
Advances, 29, 675-685.

Aggarwal, N.K., Goyal, V., Saini, A.,, Yadav, A, and Gupta, R. (2017).
Enzymatic saccharification of pretreated rice straw by cellulases from
Aspergillus niger BKO1. 3 Biotech, 7, 1-10.

Argo, B.D., Wardani, A.K., Zubaidah, E., and Winarsih, S. (2014). The
increasement of rice straw hydrolysis using blend crude cellulose
enzyme from Trichoderma reesei and Aspergillus niger. Research and
Review in Biosciences, 9, 41-44.

Ahmed, A., and Bibi, A. (2018). Fungal cellulase; production and applications:
Minireview. LIFE: International Journal of Health and Life Sciences, 4, 19
-36.

Akhtar, N., Goyal, D., and Goyal, A. (2017). Characterization of microwave-
alkali-acid pre-treated rice straw for optimization of ethanol production via
simultaneous saccharification and fermentation (SSF). Energy
Conversion and Management, 141, 133-144.

Akram, F., Haq, I.U., Imran, W., and Mukhtar, H. (2018). Insight perspectives of
thermostable endoglucanases for bioethanol production: A review.
Renewable Energy, 122, 225-238.

Al-Bukhaiti, W.Q., Noman, A., Qasim, A.S., and Al-Farga, A. (2017). Gas
chromatography: Principles, advantages and applications in food
analysis. International Journal of Agriculture Innovations and Research,
6, 123-128.

Albernas-Carvajala, Y., Corsanob, G., Cortésa, M.G., and Suarez, E.G. (2017).
Preliminary design for simultaneous saccharification and fermentation
stages for ethanol production from sugar cane bagasse. Chemical
Engineering Research and Design, 126, 232—-240.

Ali, S.S., Khan, M., Mullins, E., and Doohan, F. (2012). The effect of wheat
genotype on ethanol production from straw and the implications for
multifunctional crop breeding. Biomass and Bioenergy, 42, 1-9.

93



Ali, S.S., Nugent, B., Mullins, E., and Doohan, F. (2016). Fungal-mediated
consolidated bioprocessing: the potential of Fusarium oxysporum for the
lignocellulosic ethanol industry. AMB Express, 6, 1-13.

Allen, S.A.A., Ana Godson, R.E.E., Ayodeji, S.A.M., and Deborah, S.A.E.
(2016). Lignocelluloses: An economical and ecological resource for bio-
ethanol production — A Review. International Journal of Natural Resource
Ecology and Management, 1, 128-144.

Alvira, P., Tomas-Pej6, M., Ballesteros, M., and Neggo, M.J. (2009).
Pretreatment technologies for an efficient bioethanol production process
based on enzymatic hydrolysis: a review. Bioresource Technology, 101,
4851- 4861.

Amarasekara, A.S. (2013). Fermentation 1 — Microorganism. In Amarasekara,
A.S. (Ed.), Handbook of cellulosic ethanol. United States of America:
Scrivener Publishing.

Amiri, H., Karimi, K., and Zilouei, H. (2014). Organosolv pretreatment of rice
straw for efficient acetone, butanol, and ethanol production. Bioresource
Technology, 152, 450-456.

Amin, F.R., Khalid, H., Zhang, H., Rahman, S.U., Zhang, R., Liu, G., and Chen,
C. (2017). Pretreatment methods of lignocellulosic biomass for anaerobic
digestion. AMB Express, 7, 1-12.

Anasontzis, G.E., Kourtoglou, E., Villas-Boas, S.G., Hatzinikolaou, D.G., and
Christakopoulos, P. (2016). Metabolic engineering of Fusarium
oxysporum to improve its ethanol-producing capability. Frontiers in
Microbiology, 7, 1-10.

Anasontzis, G.E., and Christakopoulos, P. (2014). Challenges in ethanol
production  with  Fusarium  oxysporum through consolidated
bioprocessing. Bioengineered, 5, 393-395.

Arantes, V. and Saddler, J.N. (2010). Access to cellulose limits the efficiency of
enzymatic hydrolysis: the role of amorphogenesis. Biotechnology for
Biofuels 3, 4 — 15.

Arifa, T., Madiha, A., and Tasnim, F. (2010). Effect of cultural conditions on
ethanol production by locally isolated Saccharomyces cerevisiae bio-07.
Journal of Applied Pharmacy, 3, 72-78.

Arora, A., Priya, S., Sharma, P., Sharma, S., and Nain, L. (2016). Evaluating
biological pretreatment as a feasible methodology for ethanol production
from paddy straw. Biocatalysis and Agricultural Biotechnology, 8, 66—72.

Artifon, W., Bonatto, C., Bordin, E.R., Bazoti, S.F., Dervanoski, A., Alves, S.L.,
and Treichel, H. (2018). Bioethanol production from hydrolyzed
lignocellulosic after detoxification via adsorption with activated carbon

94



and dried air stripping. Frontiers in Bioengineering and Biotechnology, 6,
1-6.

Asadollahzadeh, M.T., Ghasemian, A., Saraeian, A.R., Resalati H.,
Lennartsson, P.R., and Taherzadeh, M.J. (2017). Ethanol and biomass
production from spent sulfite liquor by filamentous fungi. International
Journal of Biotechnology and Bioengineering, 11, 718-724.

Ashgar,A., Abdul Rahman, A.A., and Wan Daud, W.M.A. (2014). A comparison
of central composite design and Taguchi method for optimizing fenton
process. The Scientific World Journal, 2014, 1-14.

Bader, J., Mast-Gerlach, E., Popovic, M.K., Bajpai, R., and Stahl, U. (2010).
Relevance of microbial coculture fermentations in biotechnology. Journal
of Applied Microbiology, 109, 371-387.

Bakker, R., Elbersen, W., Poppens, R., and Lesschen, J.P. (2013). Rice straw
and wheat straw management. In Bakker, R., Elbersen, W., Poppens, R.,
and Lesschen, J.P. (Eds.), Rice straw and wheat straw. Potential
feedstocks for the biobased economy (pp. 11 — 16). Netherlands: NL
Agency Ministry of Economic Affairs.

Banoth, C., Sunkar, B., Tondamanati, P.R., and Bhukya, B. (2017). Improved
physicochemical pretreatment and enzymatic hydrolysis of rice straw for
bioethanol production by yeast fermentation. 3 Biotech, 7, 1-11.

Bansal, N., Tewari, R., Soni.,, R., and Soni, S.K. (2012). Production of
cellulases from Aspergillus niger NS-2 in solid state fermentation on
agricultural and kitchen waste residues. Waste Management, 32, 1341-
1346.

Barakat, A., de Vries, H., and Rouau, X. (2013). Dry fractionation process as
an important step in current and future lignocellulose biorefineries: A
review. Bioresource Technology, 134, 362—-373.

Barakat, A., Mayer-Laigle, C., Solhy, A., Arancon, R.A.D., de Vries, H., and
Luque, R. (2014). Mechanical pretreatments of lignocellulosic biomass:
towards facile and environmentally sound technologies for biofuels
production. RSC Advances, 4, 48109-48127.

Bech, L., Herbst, F.A., Grell, M.N., Hai, Z., and Lange, L. (2015). On-site
enzyme production by Trichoderma asperellum for the degradation of
duckweed. Fungal Genomics and Biology, 5, 1-10.

Belal, E.B. (2013). Bioethanol production from rice straw residues. Brazilian
Journal of Microbiology, 44, 225-234.

Benoit-Gelber, 1., Gruntjes, T., Vinck, A., Veluw, J.G., Wosten, H.A.B., Boeren,
S., Vervoort J.J.M. and Vries, R.P. (2017). Mixed colonies of Aspergillus
niger and Aspergillus oryzae cooperatively degrading wheat bran. Fungal
Genetics and Biology, 102, 31-37.

95



Bensah, E.D., and Mensah, M. (2013). Chemical pretreatment methods for the
production of cellulosic ethanol: technologies and innovations.
International Journal of Chemical Engineering, 2013, 1-21.

Bensah, E.C., and Mensah, M.Y. (2018). Emerging physico-chemical methods
for biomass pretreatment. In Basso, T.P., and Basso, L.C. (Eds.), Fuel
Ethanol Production from Sugarcane. United Kingdom: INTECH Open
Access Publisher.

Behera, S., Arora, R., Nandhagopal, N., and Kumar, S. (2014). Importance of
chemical pretreatment for bioconversion of lignocellulosic biomass.
Renewable and Sustainable Energy Reviews, 36, 91-106.

Behera, S.S., and Ray, R.C. (2016). Solid state fermentation for production of
microbial cellulases: Recent advances and improvement strategies.
International Journal of Biological Macromolecules, 86, 656—669.

Behera, B.C., Sethi, B.K., Mishra, R.R., Dutta, S.K., and Thatoi, H.N. (2017).
Microbial cellulases — diversity & biotechnology with reference to
mangrove environment: A review. Journal of Genetic Engineering and
Biotechnology, 15, 197-210.

Berlowska, J., Pielech-Przybylska, K., Balcerek, M., DziekoNska-Kubczak, U,
Patelski, P., Dziugan, P., and Krwgiel, D. (2016). Simultaneous
saccharification and fermentation of sugar beet pulp for efficient
bioethanol production. BioMed Research International, 2016, 1-10.

Bertrand, E., Vandenberghe, L.P.S., Soccol, C.R., Sigoillot, J.C., and Faulds,
C. (2016). First Generation Bioethanol. In: Soccol C., Brar S., Faulds C.,
Ramos L. (Eds.), Green Fuels Technology. Switzerland: Springer, Cham.

Bezzera, M.A., Santelli, R.E., Oliveira, E.P., Villar, L.S., and Escaleira, L.A.
(2008). Response surface methodology (RSM) as a tool for optimization
in analytical chemistry. Talanta, 76, 965-977.

Bhatnagar, V.S., Sharma, N.R., and Kumar, S. (2015). Pretreatment of paddy
straw for enhanced saccharification. Journal of Chemical and
Pharmaceutical Research, 7, 914-920.

Binod, P., Sindhu, R., Singhania, R.R., Vikram, S., Devi, L., Nagalakshmi, S.,
Kurien, N., Sukumaran, R.K., and Pandey, A. (2010). Bioethanol
production from rice straw: An overview. Bioresource Technology, 101,
4767-4774.

Binod, P., Kuttiraja, M., Archana, M., Janu, K.U., Sindhu, R., Sukumaran, R.K,,
and Pandey, A. (2012). High temperature pretreatment and hydrolysis of
cotton stalk for producing sugars for bioethanol production. Fuel, 92,
340-345.

96



Biswas, R., Persad, A., and Bisaria, V.S. (2014). Production of cellulolytic
enzymes. In Bisaria, V.S., and Kondo, A. (Eds.), Bioprocessing of
Renewable Resources to Commodity Bioproducts (pp. 105-132). United
States of America: John Wiley & Sons, Inc.

Bhatia, L., Johri, S., and Ahmad, R. (2012). An economic and ecological
perspective of ethanol production from renewable agro waste: A review.
AMB Express, 2, 1-19.

Boucher, J., Chirat, C., and Lachenal, D. (2014). Extraction of hemicelluloses
from wood in a pulp biorefinery, and subsequent fermentation into
ethanol. Energy Conversion and Management, 88, 1120-1126.

Brady, S.K., Sreelatha, S., Feng, Y., Chundawat, S.P.S. and Lang, M.J. (2015).
Cellobiohydrolase 1 from Trichoderma reesei degrades cellulose in
single cellobiose steps. Nature Communications, 6, 10149.

Brethauer, S., and Studer, M.H. (2014). Consolidated bioprocessing of
lignocellulose by a microbial consortium. Energy and Environmental
Science, 7, 1446-1453.

Brethauer, S., and Studer, M.H. (2015). Biochemical conversion processes of
lignocellulosic biomass to fuels and chemicals — A review. CHIMIA
International Journal for Chemistry, 69, 572-581.

Brijwani, K., and Vadlani, P.V. (2011). Cellulolytic enzymes production via
solid-state  fermentation: effect of pretreatment methods on
physicochemical characteristics of substrate. Enzyme Research, 2011,
1-10.

Brink, J.V., Maitan-Alfenas, G.P., Zou, G., Wang, C., Zhou, Z., Guimaraes,
V.M. and Vries, R.P. (2014). Synergistic effect of Aspergillus niger and
Trichoderma reesei enzyme sets on the saccharification of wheat straw
and sugarcane bagasse. Biotechnology Journal, 9, 1329-1338.

Brodeur, G., Yau, E., Badal, K., Collier, J., Ramachandran, K.B., and
Ramakrishnan, S. (2011). Chemical and physicochemical pretreatment
of lignocellulosic biomass: A review. Enzyme Research, 2011, 1-17.

Brus, C. (2015). Techniques for determining alcohol levels in wine and mulled
wine. Orebro Universitet.

Buckee, G.K., and Mundy, A.P. (1993). Determination of ethanol in beer by gas
chromatography (direct injection) - collaborative trial. Journal of the
Institute of Brewing, 99, 381-384.

Cabrera, E., Munoz, M.J., Martin, R., Caro, I., Curbelo, C., and Diaz, A.B.
(2014). Alkaline and alkaline peroxide pretreatments at mild temperature
to enhance enzymatic hydrolysis of rice hulls and straw. Bioresource
Technology, 167, 1-7.

97



Carrasco F. (1989). Fundamentos del fraccionamiento de la biomasa. Afinidad,
46, 425-429.

Cavka, A., Alriksson, B., Rose, S.H., van Zyl, W.H., and Jonsson, L.J. (2014).
Production of cellulosic ethanol and enzyme from waste fiber sludge
using SSF, recycling of hydrolytic enzymes and yeast, and recombinant
cellulase-producing Aspergillus niger. Journal of Industrial Microbiology
and Biotechnology, 41, 1191-1200.

Chandra, R.P., Bura, R., Mabee, W.E., Berlin, A., Pan, X., and Saddler, J.N.
(2007). Substrate pretreatment: the key to effective enzymatic hydrolysis
of lignocellulosics? Advances. Biochemical Engineering Biotechnology,
108, 67-93.

Chang, Y.C., Lee, C.L., and Pan, T.M. (2006). Statistical optimization ofmedia
components for the production of Antrodia cinnamomea AC0623 in
submerged cultures. Applied Microbiology and Biotechnology, 72, 654-
661.

Chandel, A.K., Silva, S.S., and Singh, O.V. (2013). Detoxification of
lignocellulose hydrolysates: biochemical and metabolic engineering
toward white biotechnology. Bioenergy Resource, 6, 388—401.

Chaturvedi, V., and Verma, P. (2013). An overview of key pretreatment
processes employed for bioconversion of lignocellulosic biomass into
biofuels and value added products. 3 Biotech, 3, 415-431.

Chen, Y., Stevens, M.A., Zhu, Y., Holmes, J., and Xu, H. (2013).
Understanding of alkaline pretreatment parameters for corn stover
enzymatic saccharification. Biotechnology for Biofuels, 6, 1-10.

Chen, X., Zhang, Y.L., Gu, Y., Liu, Z., Shen, Z., Chu, H., and Zhou, X. (2014).
Enhancing methane production from rice straw by extrusion
pretreatment. Applied Energy, 122, 34—41.

Cheng, Y.S., Zheng, Y., Yu, C.W., Dooley, T.M., Jenkins, B.M., and
VanderGheynst, J.S. (2010). Evaluation of high solids alkaline
pretreatment of rice straw. Applied Biochemistry and Biotechnology, 162,
1768-1784.

Cheng, J.J., and Timilsina, G.R. (2011). Status and barriers of advanced
biofuel technologies: A review. Renewable Energy, 36, 3541-3549.

Cheng, J.R., and Zhu, M.J. (2013). A novel co-culture strategy for
lignocellulosic bioenergy production: a systematic review. International
Journal of Modern Biology and Medicine, 1, 166-193.

Chin, K.L., and H'ng, P.S. (2013). A real story of bioethanol from biomass:

Malaysia perspective. In Matovic, M.D. (Ed.), Biomass Now: Sustainable
Growth and Use. United Kingdom: INTECH Open Access Publisher.

98



Christian, G.D. (2004). Gas chromatography. In Christian, G.D. (Ed.), Analytical
chemistry (pp. 574-593). United States of America: John Wiley & Sons,
Inc.

Correa, S.J., Jaramillo, A.C., Merino, R.A., and Hormaza, A. (2018). Evaluation
of individual fungal species and their co-culture for degrading a binary
mixture of dyes under solid-state fermentation. Biotechnology,
Agronomy, Social and Environment, 22, 242-251.

Cui, Y., Dong, X., Tong, J., and Liu, S. (2015). Degradation of lignocellulosic
components in un-pretreated vinegar residue using an artificially
constructed fungal consortium. BioResources, 10, 3434-3450.

Czitrom, V. (1999). One-factor-at-a-time versus designed experiments. The
American Statistician, 53, 126-131.

Damaso, M.C.T., Terzi, S.C., Farias, A.X., Oliveira, A.C.P., Fraga, M.E. and
Couri, S. (2012). Selection of cellulolytic fungi isolated from diverse
substrates. Brazilian Archives of Biology and Technology, 55, 513 — 520.

Das, A., Paul, T., Jana, A., Halder, S.K., Ghosh, K., Maity, C., Mohapatra,
P.K.D., Pati, B.R., and Mondal, K.C. (2013). Bioconversion of rice straw
to sugar using multizyme complex of fungal origin and subsequent
production of bioethanol by mixed fermentation of Saccharomyces
cerevisiae MTCC 173 and Zymomonas mobilis MTCC 2428. Industrial
Crops and Products, 46, 217— 225.

Das, A., Mondal, C., and Roy, S. (2015). Pretreatment methods of ligno -
cellulosic biomass: A Review. Journal of Engineering Science and
Technology Review, 8, 141 -165.

Dash, P.K., Mohaptra, S., Swain, M.R., and Thatoi, H. (2017). Optimization of
bioethanol production from saccharified sweet potato root flour by co-
fermentation of Saccharomyces cerevisiae and Pichia sp. using OVAT
and response surface methodologies. Acta Biologica Szegediensis, 61,
13-23.

Dashtbant, M. Schraft, H. and Qin, W. (2009). Fungal bioconversion of
lignocellulosic residues; opportunities and perspectives. International
Journal of Biological Sciences, 5, 578-595.

Dasgupta, D., Suman, S.K., Pandey, D., Ghosh, D., Khan, R., Agrawal, D.,
Jain, R.K., Vadde, V.T., and Adhikari, D.K. (2013). Design and
optimization of ethanol production from bagasse pith hydrolysate by a
thermotolerant yeast Kluyveromyces sp. IIPE453 using response surface
methodology. SpringerPlus, 2, 1-10.

Del Pozo, M.V., Fernandez-Arrojo, L., Gil-Martinez, J., Montesinos, A.,
Chernikova, T.N., Nechitaylo, T.Y., Waliszek, A., Tortajada, M., Rojas,
A., Huws, S.A., Golyshina, O.V., Newbold, C.J., Polaina, J., Ferrer , M.
and Golyshin, P.N. (2012). Microbial B-glucosidases from cow rumen

99



metagenome enhance the saccharification of lignocellulose in
combination with commercial cellulase cocktail. Biotechnology for
Biofuels, 5, 73.

Derman, E., Abdulla, R., Marbawi, H., and Sabullah, M.K. (2018). Oil palm
empty fruit bunches as a promising feedstock for bioethanol production in
Malaysia. Renewable Energy, 129, 285-298.

Devarapalli, M., and Atiyeh, H.K. (2015). A review of conversion processes for
bioethanol production with a focus on syngas fermentation. Biofuel
Research Journal, 7, 268-280.

Dhap, N., and Singh, H. (2017). Pretreatment of rice straw for bio-ethanol
production: A review. Journal of Chemical and Pharmaceutical
Research, 9, 216-220.

Dhillon, G.S., Oberoi, H.S., Kaur, S., Bansal, S., and Brar, S.K. (2011). Value-
addition of agricultural wastes for augmented cellulase and xylanase
production through solid-state tray fermentation employing mixed-culture
of fungi. Industrial Crops and Products, 34, 1160— 1167.

Dong, H.N., Zhao, X.M., Ma, Y.Y., and Zhang, M.H. (2012). Optimization of a
synthetic medium for ethanol production by xylose-fermenting
Zymomonas mobilis using response surface methodology. Chinese
Science Bulletin, 57, 3782-3789.

Dutta, K., Daverey, A., and Lin, J.G. (2014). Evolution retrospective for
alternative fuels: First to fourth generation. Renewable Energy, 69, 114-
122.

Elkins, E.G., Raman, B., and Keller, M. (2010). Engineered microbial systems
for enhanced conversion of lignocellulosic biomass. Current Opinion in
Biotechnology, 21, 657-662

Ellila, S., Fonseca, L., Uchima, C., Cota, J., Goldman, G.H., Saloheimo, M.,
Sacon, V., and Siika-aho, M. (2017). Development of a low-cost cellulase
production process using Trichoderma reesei for Brazilian biorefineries.
Biotechnology Biofuels, 10, 1-17.

El-Naggar, N.E.A., Deraz, S., and Khalil, A. (2014). Bioethanol production from
lignocellulosic feedstocks based on enzymatic hydrolysis: Current status
and recent development. Biotechnology, 13, 1-21

El-Zawawy, W.K., lbrahim, M.M., Abdel-Fattah, Y.R., Soliman, N.A., and
Mahmoud, M.M. (2011). Acid and enzyme hydrolysis to convert
pretreated lignocellulosic materials into glucose for ethanol production.
Carbohydrate Polymers, 84, 865-871.

EPA (2010): Calibration curves: Program use/needs. Forum on Environmental
Measurements.

100



Fan, G., Wang, M., Liao, C., Fang, T., Li, J., and Zhou, R. (2013). Isolation of
cellulose from rice straw and its conversion into cellulose acetate
catalyzed by phosphotungstic acid. Carbohydrate Polymers, 94, 71— 76.

Fan, Z. (2014). Consolidated bioprocessing for ethanol production. In Qureshi,
N., Hodge, D., and Vertes, A.A. (Eds.), Biorefineries integrated
biochemical processes for liquid biofuels (pp. 141-160). Amsterdam,
Netherlands: Elsevier.

Fang, H., Zhao, C., and Song, X.Y. (2010). Optimization of enzymatic
hydrolysis of steam-exploded corn stover by two approaches: Response
surface methodology or wusing cellulase from mixed -cultures of
Trichoderma reesei RUT-C30 and Aspergillus niger NLO2. Bioresource
Technology, 101, 4111-4119.

Fang, H., Zhao, C., Song, X.Y., Chen, M., Chang, Z. and Chu, J. (2013).
Enhanced cellulolytic enzyme production by the synergism between
Trichoderma reesei RUT-C30 and Aspergillus niger NLO2 and by the
addition of surfactants. Biotechnology and Bioprocess Engineering, 18,
390 — 398.

FAO Rice Market Monitor, April 2018, Volume XXI - Issue No. 1

Fareeha, R., Nasreen, A.R., Uzma, H., lkram, U.H., and Mariam, I. (2011).
Solid state fermentation for the production of B-glucosidase by co-culture
of Aspergillus niger and A. oryzae. Pakistan Journal of Botany, 43, 75-
83.

Fakruddin, M., Abdul Quayum, M., Morshed Ahmed, M., and Choudhury, N.
(2012). Analysis of key factors affecting ethanol production by
Saccharomyces cerevisiae IFST-072011. Biotechnology, 11, 248-252.

Ferreira, J.A., Lennartsson, P.R., and Taherzadeh, M.J. (2014). Production of
ethanol and biomass from thin stillage using food-grade zygomycetes
and ascomycetes filamentous fungi. Energies, 7, 3872-3885.

Ferreira, A., Mahboubi, A., Lennartsson, P.R., and Taherzadeh, M.J. (2016).
Waste biorefineries using filamentous ascomycetes fungi: Present status
and future prospects. Bioresource Technology, 215, 334-345.

FitzPatrick, M., Champagne, P., Cunningham, M.F., and Whitney, R.A. (2010).
A Dbiorefinery processing perspective: Treatment of lignocellulosic
materials for the production of value-added products. Bioresource
Technology, 101, 8915-8922.

Florencio, C., Couri, S. and Farinas, C.S. (2012). Correlation between agar
plate screening and solid-state fermentation for the prediction of cellulase
production by Trichoderma strains. Enzyme Research, 2012, 1 —7.

Galbe, M., and Zacchi, G. (2012). Pretreatment: The key to efficient utilization
of lignocellulosic materials. Biomass and Bioenergy, 46, 70-78.

101



Garcia-Maraver, A., Salvachua, D., Martinez, M.J., Diaz, L.F., and Zamorano,
M. (2013). Analysis of the relation between the cellulose, hemicellulose
and lignin content and the thermal behavior of residual biomass from
olive trees. Waste Management, 33, 2245-2249

Garvey, M., Klose, H., Fischer, R., Lambertz, C., and Commandeur, U. (2013).
Cellulases for biomass degradation: comparing recombinant cellulase
expression platforms. Trends in Biotechnology, 31, 581-593.

Gautam, S.P., Bundela, P.S., Pandey, A.K., Khan, K., Awasthi, M.K., and
Sarsaiya, S. (2011). Optimization for the production of cellulase enzyme
from municipal solid waste residue by two novel cellulolytic fungi.
Biotechnology Research International, 2011, 1-8.

Ghaffar, S.H., and Fan, M. (2013). Structural analysis for lignin characteristics
in biomass straw. Biomass Bioenergy, 57, 264-279.

Giles, R.L., Zackeru, J.C., Galloway, E.R., Elliot, G.D., and Parrow, M.W.
(2015). Single versus simultaneous species treatment of wood with
Ceriporiopsis subvermispora and Postia placenta for ethanol
applications, with observations on interspecific growth inhibition.
International Biodeterioration and Biodegradation, 99, 66-72.

Girio, F.M., Fonseca, C., Carvalheiro, F., Duarte, L.C., Marques, S., and Bogel-
Lukasik, R. (2010). Hemicelluloses for fuel ethanol: A review.
Bioresource Technology, 101, 4775 — 4800.

Goering, H.K., and Van Soest, P.J. (1970). Forage fiber analysis (apparatus,
reagents, procedures, and some applications). In Goering, H.K., and Van
Soest, P.J. (Eds.), Agriculture Handbook No. 379 (pp. 1-20). Washington
D.C.: USDA-ARS.

Goff, B.M., Moore, K.J., Fales, S.L., and Pedersen, J.F. (2011). Comparison of
gas chromotography, spectrophotometry and near infrared spectroscopy
to quantify prussic acid potential in forages. Journal of the Science of
Food and Agriculture, 91, 1523-1526.

Gu, F.,, Wang, W., Jing, L., and Jin, Y. (2013). Sulfite—formaldehyde
pretreatment on rice straw for the improvement of enzymatic
saccharification. Bioresource Technology, 142, 218-224.

Guan, R, Li, X., Wachemo, A.C., Yuan, H., Liu, Y., Zou, D., Zuo, X., and Gu, J.
(2018). Enhancing anaerobic digestion performance and degradation of
lignocellulosic components of rice straw by combined biological and
chemical pretreatment. Science of the Total Environment, 637-638, 9—
17.

Gude, V.G. (2017). Microwave pretreatment of feedstock for bioethanol
production. In Gude, V.G. (Ed.), Microwave-mediated biofuel production.
United States of America: CRC Press.

102



Guiochon, G., and Guillemin, C.L. (1988). Journal of chromatography library. In
Guiochon, G., and Guillemin, C.L. (Eds.), Quantitative gas
chromatography for laboratory analyses and on-line control (pp. 795-
797). Amsterdam: Elsevier.

Guo, M., Song, W., and Buhain, J. (2015). Bioenergy and biofuels: History,
status, and perspective. Renewable and Sustainable Energy Reviews,
42, 712-725.

Guray, M.Z. (2009). Partial purification and characterization of polyphenol
oxidase from thermophilic Bacillus sp., (Master Thesis), Izmir Institute of
Technology.

Gutiérrez-Correa, M., and Villena, G.K. (2012). Batch and repeated batch
cellulase production by mixed cultures of Trichoderma reesei and
Aspergillus niger or Aspergillus phoenicis. Journal of Microbiology and
Biotechnology Research, 2, 929-935.

Hamelinck, C.N., Hooijdonk, G.V., and Faaij, A.P. (2005). Ethanol from
lignocellulosic biomass: Techno-economic performance in short, middle
and long-term. Biomass Bioenergy, 28, 384-410.

Han, J.S., and Rowell, J.S. (1997). Chemical composition of fibers. In Rowell,
R.M., Young, R.A., and Rowell, J.K. (Eds.), Paper and Composites from
Agro-Based Resources (pp. 92-99). United States of America: CRC
Press Inc.

Harmsen, P.F.H., Huijgen, W.J.J., Lépez, L.M.B., and Bakker, R.R.C. (2010).
Literature review of physical and chemical pretreatment processes for
lignocellulosic biomass (No. 1184). Wageningen UR, Food & Biobased
Research, 2010, 1-49.

Harun, R., and Danquah, M.K. (2011). Influence of acid pre-treatment on
microalgal biomass for bioethanol production. Process Biochemistry, 46,
304-309.

Harun, S., and Geok, S.K. (2016). Effect of sodium hydroxide pretreatment on
rice straw composition. Indian Journal of Science and Technology, 9, 1-
9.

Hasunuma, T., and Kondo, A. (2012). Development of yeast cell factories for
consolidated bioprocessing of lignocellulose to bioethanol through cell
surface engineering. Biotechnology Advances, 30, 1207-1218.

Hasunuma, T., Okazaki, F., Okai, N., Hara, K.Y., Ishii, J., and Kondo, A.
(2013). A review of enzymes and microbes for lignocellulosic biorefinery
and the possibility of their application to consolidated bioprocessing
technology. Bioresource Technology, 135, 513-522.

103



Havlik, P., Schneider, U.A., Schmid, E., Bottcher, H., Fritz, S., Skalsky, R.,
Aoki, K., DeCara, S., Kindermann, G., Kraxner, F., Leduc, S., McCallum,
I., Mosnier, A., Sauer, T., and Obersteiner, M. (2011). Global land-use
implications of first and second generation biofuel targets. Energy Policy,
39, 5690-5702.

He, Y., Pang, Y., Liu, Y., Li, X,, and Wang, K. (2008). Physicochemical
characterization of rice straw pretreated with sodium hydroxide in the
solid state for enhancing biogas production. Energy Fuels, 22, 2775-
2781.

Hendriks, A., and Zeeman, G. (2009). Pretreatments to enhance the
digestibility of lignocellulosic biomass. Bioresource Technology, 100, 10—
18.

Hennig, S., Wenzel, M., Haas, C., Hoftmann, A., Weber, J., Rodel, G., and
Ostermann, K. (2018). New approaches in bioprocess-control:
Consortium guidance by synthetic cell-cell communication based on
fungal pheromones. Engineering in Life Sciences, 18, 387- 400.

Hidayat, A., Rochmadi, Wijaya, K., and Budiman, A. (2016). Removal of free
fatty acid in palm fatty acid distillate using sulfonated carbon catalyst
derived from biomass waste for biodiesel production. IOP Conference
Series: Materials Science and Engineering, 105, 1-8.

Highina, B.K., Bugaje, I.M., and Umar, B. (2014). A review on second
generation biofuel: a comparison of its carbon footprints. European
Journal of Engineering and Technology, 2, 117-125.

HloZek, T., Bursova, M., and Cabala, R. (2014). Fast determination of ethylene
glycol,1,2-propylene glycol and glycolic acid in blood serum and urine for
emergency and clinical toxicology by GC-FID. Talanta, 130, 470-474.

Ho, C.Y., Chang, J.J., Lee, S.C., Chin, T.Y., Shih, M.C., Li, W.H., and Huang,
C.C. (2012). Development of cellulosic ethanol production process via
co-culturing of artificial cellulosomal Bacillus and kefir yeast. Applied
Energy, 100, 27-32.

Ho, D.P., Ngo, H.H., and Guo, W. (2014). A mini review on renewable sources
for biofuel. Bioresource Technology, 169, 742—749.

Huang, J., Chen, D., Wei, Y., Wang, Q., Li, Z., Chen, Y., and Huang, R. (2014).
Direct ethanol production from lignocellulosic sugars and sugarcane
bagasse by a recombinant Trichoderma reesei strain HJ48. The
Scientific World Journal, 2014, 1-9.

Huberman, L.B., Liu, J., Qin, L., and Glass, N.L. (2016). Regulation of the

lignocellulolytic response in filamentous fungi. Fungal Biology Reviews,
30, 101-111.

104



Humbird, D., and Fei, Q. (2016). Scale-up considerations for biofuels. In
Eckert, C.A., and Trinh, C.T. (Eds.), Bioetechnology for biofuels
production and optimization (pp. 513-537). Amsterdam, Netherlands:
Elsevier.

Ibrahim, H.A. (2012). Pretreatment of straw for bioethanol production. Energy
Procedia, 14, 542 — 551.

Inglesby, M.K., Wood, D.F., and Gray, G.M. (2006). Effect of chemical
fractionation treatments on silicon dioxide content and distribution in
Oryza sativa. In Stokke, D.D., and Groom, L.H. (Eds.), Characterization
of the cellulosic cell wall (pp. 192-212). Ames, IA: Blackwell Publishing.

Islam, S., and Roy, N. (2018). Screening, purification and characterization of
cellulase from cellulase producing bacteria in molasses. BMC Research
Notes, 11, 1-6.

Igbal, A.K.M.A., and Khan, A.A. (2010). Modeling and analysis of MRR, EWR
and surface roughness in EDM milling through response surface
methodology. American Journal of Engineering and Applied Sciences, 3,
611-619.

Igbal, H.M.N., Kyazze, G., and Keshavarz, T. (2013). Advance in valorization of
lignocellulosic materials by biotechnology: An overview. BioResources,
8(2), 3157-3176.

Ja’afaru, M.l. (2013). Screening of fungi isolated from environmental samples
for xylanase and cellulase production. ISRN Microbiology, 2013, 1 - 7.

Jager, G., Girfoglio, M., Dollo, F., Rinaldi, R., Bongard, H., Commandeur, U.,
Fischer, R., Spiess, A.C., and Bichs, J. (2011). How recombinant
swollenin from Kluyveromyces lactis affects cellulosic substrates and
accelerates their hydrolysis. Biotechnology for Biofuels, 4, 1-16.

Jena, N., and Satpathy, S. (2017). Production of ethanol by Trichoderma spp.
in solidstate fermentation of sugarcane molacess. International Journal of
Engineering, Science and Mathematics, 6, 281-288.

Jeya, M., Nguyen, N.P.T., Moon, HJ., Kim, S.H. and Lee, J.K. (2010).
Conversion of woody biomass into fermentable sugars by cellulase from
Agaricus arvensis. Bioresource Technology, 101, 8742—-8749.

Jia, H., Zhao, P., Wang, B., Tariq, P., Zhao, F., Zhao, M., Wang, Q., Yang, T.,
and Fang, J. (2016). Overexpression of polyphenol oxidase gene in
strawberry fruit delays the fungus infection process. Plant Molecular
Biology Reporter, 34, 592—606.

Jiang, L.L., Zhou, J.J., Quan, C.S., and Xiu, Z.L. (2017). Advances in industrial

microbiome based on microbial consortium for biorefinery. Bioresources
and Bioprocess, 4, 1-10.

105



Jin, M., Slininger, P.J., Dien, B.S., Waghmode, S., Moser, B.R., Orjuela, A,
Sousa, L.C., and Balan, V. (2015). Microbial lipid-based lignocellulosic
biorefinery: feasibility and challenges. Trends in Biotechnology, 33, 43-
54,

Joshi, B., Bhatt, M.R., Sharma, D., Joshi, J., Malla, R., and Sreerama, L.
(2011). Lignocellulosic ethanol production: Current practices and recent
developments. Biotechnology and Molecular Biology Review, 6, 172-182.

Jouzani, G.S., and Taherzadeh, M.J. (2015). Advances in consolidated
bioprocessing systems for bioethanol and butanol production from
biomass: A comprehensive review. Biofuel Research Journal, 5, 152-
195.

Junko, U., and Kutsuyoshi, K. (2008). Process optimization to prepare high-
purity amorphous silica from rice husks via citric acid leaching treatment.
Transaction of JWRI, 37, 13-17.

Kadarmoidheen, M., Saranraj, P., and Stella, D. (2012). Effect of cellulolytic
fungi on the degradation of cellulosic agricultural wastes. International
Journal of Applied Microbiology Science, 1, 13- 23.

Kahr, H., Helmberger, S., and Jager, A.G. (2011). Yeast adaptation on the
substrate straw. World Renewable Energy Congress, 2011, 492-499.

Kalyani, D., Lee, K.M., Kim, T.S,, Li, J., Dhiman, S. S., Kang, Y. C. and Lee,
J.K. (2013). Microbial consortia for saccharification of woody biomass
and ethanol fermentation. Fuel, 107, 815-822.

Kaneko, S., Mizuno, R., Maehara, T., and Ichinose, H. (2012). Consolidated
bioprocessing ethanol production by using a mushroom. In Lima, M.A.P.
(Ed.), Bioethanol. United Kingdom: INTECH Open Access Publisher.

Kang, Q., Appels, L., Tan, T., and Dewil, R. (2014). Bioethanol from
lignocellulosic biomass: current findings determine research priorities.
The Scientific World Journal, 2014, 1-13.

Kanmani, P., Karthik, S., Aravind, J., and Kumaresan, K. (2013). The use of
response surface methodology as a statistical tool for media optimization
in lipase production from the dairy effluent isolate Fusarium solani. ISRN
Biotechnology, 2013, 1-8.

Karimi, K., and Taherzadeh, M.J. (2016). A critical review on analysis in
pretreatment  of  lignocelluloses: Degree of  polymerization,
adsorption/desorption, and accessibility. Bioresource Technology, 203,
348 — 356.

Karunanithy, C., and Muthukumarappan, K. (2011). Optimization of switchgrass

and extruder parameters for enzymatic hydrolysis using response
surface methodology. Industrial Crops and Products, 33, 188-199.

106



Kausar, H., Sariah, M., Mohd Saud, H., Zahangir Alam, M. and Ismail, M.R.
(2010). Development of compatible lignocellulolytic fungal consortium for
rapid composting of rice straw. International Biodeterioration and
Biodegradation, 64, 594 — 600.

Kaur, K., and Phutela, U.G. (2016). Enhancement of paddy straw digestibility
and biogas production by sodium hydroxide-microwave pretreatment.
Renewable Energy, 92, 178-184.

Kaur, K., and Phutela, U.G. (2018). Morphological and structural changes in
paddy straw influenced by alkali and microbial pretreatment. DETRITUS
- Multidisciplinary Journal for Waste Resources & Residues, 3, 30-36.

Kim, J.H., Block, D.E., and Mills, D.A. (2010). Simultaneous consumption of
pentose and hexose sugars: an optimal microbial phenotype for efficient
fermentation of lignocellulosic biomass. Applied Microbiology and
Biotechnology, 88, 1077-1085.

Kim, S.B., Lee, S.J., Lee, J.H., Jung, Y.R., Thapa, L.P., Kim, J.S., Um, Y.,
Park, C., and Kim, S.W. (2013). Pretreatment of rice straw with combined
process using dilute sulfuric acid and aqueous ammonia. Biotechnology
for Biofuels, 6, 1-11.

Kim, D. (2018). Physico-chemical conversion of lignocellulose: inhibitor effects
and detoxification strategies: A mini review. Molecules, 23, 1-21.

Ko, J.K,, Kim, Y., Ximenes, E., and Ladisch, M.R. (2015). Effect of liquid hot
water pretreatment severity on properties of hardwood lignin and
enzymatic hydrolysis of cellulose. Biotechnology Bioengineering, 112,
252-262.

Kocar, G., and Civas, N. (2013). An overview of biofuels from energy crops:
Current status and future prospects. Renewable and Sustainable Energy
Reviews, 28, 900-916.

Kolasa, M., Ahring, B.K., Libeck, P.S., and Liibeck, M. (2014). Co-cultivation of
Trichoderma reesei RutC30 with three black Aspergillus strains facilitates
efficient hydrolysis of pretreated wheat straw and shows promises for on-
site enzyme production. Bioresource Technology, 169, 143—-148.

Koppram, R., and Olsson, L. (2014). Combined substrate, enzyme and yeast
feed in simultaneous saccharification and fermentation allow bioethanol
production from pretreated spruce biomass at high solids loadings.
Biotechnology for Biofuels, 7, 1-9.

Kshirsagar, S.D., Waghmare, P.R., Loni, P.C., Patil, S.A., and Govindwar, S.P.
(2015). Dilute acid pretreatment of rice straw, structural characterization
and optimization of enzymatic hydrolysis conditions by response surface
methodology. RSC Advances, 5, 46525-46533.

107



Kuhad, R.C., Gupta, R., and Singh, A. (2011a). Microbial cellulases and their
industrial applications. Enzyme Research, 2011, 1-10.

Kuhad, R.C., Gupta, R., Khasa, Y.L., Singh, A., and Zhang, Y.H.P. (2011b).
Bioethanol production from pentose sugars: Current status and future
prospects. Renewable and Sustainable Energy Reviews, 15, 4950-
4962.

Kumagai, A., Kawamura, S., Lee, S.H., Endo, T., Rodriguez, M., and Mielenz,
J.R. (2014). Simultaneous saccharification and fermentation and a
consolidated bioprocessing for Hinoki cypress and Eucalyptus after
fibrillation by steam and subsequent wet-disk milling. Bioresource
Technology, 162, 89-95.

Kumar, A., Gaind, S., and Nain, L. (2008). Evaluation of thermophilic fungal
consortium for paddy straw composting. Biodegradation, 19, 395-402.

Kumar, P., Barrett, D.M., Delwiche, M.J., and Stroeve, P. (2009). Methods for
pretreatment of lignocellulosic biomass for efficient hydrolysis and biofuel
production. Industrial & Engineering Chemistry Research, 48, 3713—
3729.

Kumar, M., Singh, P., and Sukla, L.B. (2016). Addition of expansin to cellulase
enhanced bioethanol production. Process Biochemistry, 51, 2097-2103.

Kumar, A.K., and Sharma, S. (2017). Recent updates on different methods of
pretreatment of lignocellulosic feedstocks: A review. Bioresources and
Bioprocessing, 4, 1-19.

Kumari, D., and Singh, R. (2018). Pretreatment of lignocellulosic wastes for
biofuel production: A critical review. Renewable and Sustainable Energy
Reviews, 90, 877-891.

Lee, R.A., and Lavoie, J.M. (2013). From first- to third-generation biofuels:
Challenges of producing a commodity from a biomass of increasing
complexity. Animal Frontiers, 3, 6-11.

Leiviska, K. (2013). Introduction to Experiment Design, University of Oulu,
Control Engineering Laboratory.

Lennartsson, P.R., Erlandsson, P., and Taherzadeh, M.J. (2014). Integration of
the first and second generation bioethanol processes and the importance
of by-products. Bioresource Technology, 165, 3-8.

Li, J., Henriksson, G., and Gellerstedt, G. (2006). Lignin
depolymerization/repolymerization and its critical role for delignication of
aspen wood by steam explosion. Bioresource Technology, 98, 3061-
3068.

108



Li, H., Chai, X.S., Deng, Y., Zhan, H., and Fu, S. (2009). Rapid determination
of ethanol in fermentation liquor by full evaporation headspace gas
chromatography. Journal of Chromatography A, 1216, 169-172.

Li, D. (2015). Cellulases from thermophilic fungi. In Li, L.F. (Ed.), Thermophilic
microorganisms (pp. 121-140). China: Caister Academic Press.

Li, C,, Lin, F., Li, Y., Wei, W., Wang, H., Qin, L., Zhou, Z., Li, B., Wu, F., and
Chen, Z. (2016). A B-glucosidase hyper-production Trichoderma reesei
mutant reveals a potential role of cel3D in cellulase production. Microbial
Cell Factory, 15, 1-13.

Liang, Y.L., Zhang, Z., Wu, M., Wu, Y. and Feng, J.X. (2014). Isolation,
screening, and identification of cellulolytic bacteria from natural reserves
in the subtropical region of China and optimization of cellulase production
by Paenibacillus terrae ME27-1. BioMed Research International, 2014, 1-
13.

Limayem, A., and Ricke, S.C. (2012). Lignocellulosic biomass for bioethanol
production: Current perspectives, potential issues and future prospects.
Progress in Energy and Combustion Science, 38, 449-467.

Lin, H., Wang, B., Zhuang, R., Zhou, Q., and Zhao, Y. (2011). Artificial
construction and characterization of a fungal consortium that produces
cellulolytic enzyme system with strong wheat straw saccharification.
Bioresource Technology, 102, 10569—-10576.

Lin, X., Fan, J., Wen, Q., Li, R., Jin, X., Wu, J., Qian, W., Liu, D., Xie, J., Bai, J.,
and Ying, H. (2014). Optimization and validation of a GC—FID method for
the determination of acetone-butanol-ethanol fermentation products.
Journal of Chromatographic Science, 52, 264-270.

Linger, J., and Darzins, A. (2013). Consolidated bioprocessing. In Lee, J.W.
(Ed.), Advanced biofuels and bioproducts (pp. 267-280). New York:
Springer.

Liu, H., Zhu, J., and Fu, S., (2010). Effects of lignin-metal complexation on
enzymatic hydrolysis of cellulose. Journal of Agriculture and Food
Chemistry, 58, 7233—-7238.

Liu, D., Zhang, R., Yang, X., Wu, H., Xu, D., Tang, Z., and Shen, Q. (2011).
Thermostable cellulase production of Aspergillus fumigatus Z5 under
solid-state fermentation and its application in degradation of agricultural
wastes. International Biodeterioration and Biodegradation, 65, 717-725.

Liu, Y.K., Chen, W.C., Huang, Y.C., Chang, Y.K., Chu, I.M., Tsai, S.L. and Wei,
Y.H. (2017). Production of bioethanol from Napier grass via simultaneous
saccharification and co-fermentation in a modified bioreactor. Journal of
Bioscience and Bioengineering, 124, 184 — 188.

109



Lo, Y.C., Lu, W.C.,, Chen, C.Y., and Chang, J.S. (2010). Dark fermentative
hydrogen production from enzymatic hydrolysate of xylan and pretreated
rice straw by Clostridium butyricum CGS5. Bioresource Technology, 101,
5885-5891.

Loh, S.K., and Choo, Y.M. (2013). Prospect, challenges and opportunities on
biofuels in Malaysia. In Pogaku, R., and Sarbatly, R. (Eds.), Advances in
Biofuels. Boston: Springer.

Loow, Y.L., Wu, T.Y., Md Jahim, J., Mohammad, A.W., and Teoh, W.H. (2016).
Typical conversion of lignocellulosic biomass into reducing sugars using
dilute acid hydrolysis and alkaline pretreatment. Cellulose, 23, 1491—
1520.

MAA (2017). Summary of new passenger & commercial vehicles registered in
Malaysia for the year 1980 to 2017. Malaysian Automotive Association.

Longoni, P., Rodolfi, M., Pantaleoni, L., Doria, E., Concia, L., Picco, A.M., and
Cella, R. (2012). Functional analysis of the degradation of cellulosic
substrates by a Chaetomium globosum endophytic isolate. Applied and
Environmental Microbiology, 2012, 3693-3705.

Madadi, M., and Abbas, A. (2017). Lignin degradation by fungal pretreatment:
A review. Journal of Plant Pathology and Microbiology, 8, 1-6.

Madian, H.R., EI-Gendy, N.S., Farahat, L.A., Abo-State, M.A., and Ragab,
A.M.E. (2012). Fungal hydrolysis and saccharification of rice straw and
ethanol production. Biosciences Biotechnology Research Asia, 9(2).

Madrera, R.R., and Valles, B.S. (2007). Determination of volatile compounds in
cider spirits by gas chromatography with direct injection. Journal of
Chromatographic Science, 45, 428-434.

Manavalan, T., Manavalan, A., and Heese, K. (2015). Characterization of
lignocellulolytic enzymes from white-rot fungi. Current Microbiology, 70,
485-498.

Manickam, N.K., Rajarathinam, R., Muthuvelu, K.S., and Senniyappan, T.
(2018). New insight into the effect of fungal mycelia present in the bio-
pretreated paddy straw on their enzymatic saccharification and
optimization of process parameters. Bioresource Technology, 267, 291—
302.

Mauch, F., Mauch-Mani, B., and Boller, T. (1988). Antifungal hydrolases in pea
tissue and inhibition of fungal growth by combinations of chitinase and [3-
1,3-glucanase. Plant Physiology, 88, 936-942.

Maurya, D.P., Singla, A., and Negi, S. (2015). An overview of key pretreatment

processes for biological conversion of lignocellulosic biomass to
bioethanol. 3 Biotech, 5, 597—609.

110



Mayer-Laigle, C., Rajaonarivony, R.K., Blanc, N., and Rouau, X. (2018).
Comminution of dry lignocellulosic biomass: Part Il. Technologies,
improvement of miling performances, and security issues.
Bioengineering, 5, 1-17.

Meehnian, H., Jana, A.K., and Jana, M.M. (2016). Effect of particle size,
moisture content, and supplements on selective pretreatment of cotton
stalks by Daedalea flavida and enzymatic saccharification. 3 Biotech, 6,
1-13.

Menon, V., and Rao, M. (2012). Trends in bioconversion of lignocellulose:
Biofuels, platform chemicals and biorefinery concept. Progress in Energy
and Combustion Science, 38, 522-550.

Miller, G.L. (1959). Use of dinitrosalicylic acid reagent for determination of
reducing sugar. Analytical Chemistry, 31, 426-428.

Minitab (2017): Getting started with Minitab17

Miricioiu, M.G., Niculescu, V., Dinca, O.R., Mitu, F., and Craciun, M.E. (2016).
Analytical errors in routine gas chromatography analysis. Revista de
Chimie, 67, 396-400.

Mohamad Remli, N.A., Md Shah, U.K., Mohamad, R., and Abd-Aziz, S. (2014).
Effects of chemical and thermal pretreatments on the enzymatic
saccharification of rice straw for sugars production. BioResources, 9,
510-522.

Mohammad, N., Alam, M.Z., Kabashi, N.A.,, and Adebayo, O.S. (2011).
Development of compatible fungal mixed culture for composting process
of oil palm industrial waste. African Journal of Biotechnology, 10, 18657-
18665.

Mohd Azhar, S.H., Abdulla, R., Jambo, S.A., Marbawi, H., Gansau, J.A., Mohd
Faik, A.A., and Rodrigues, K.F. (2017). Yeasts in sustainable bioethanol
production: A review. Biochemistry and Biophysics Reports, 10, 52—61.

Momayez, F., Karimi, K., Karimi, S., and Horvath, 1.S. (2017). Efficient
hydrolysis and ethanol production from rice straw by pretreatment with
organic acids and effluent of biogas plant. RSC Advances, 7, 50537—-
50545.

Mood, S.H., Golfeshan, A.H., Tabatabaei, M., Jouzani, G.S., Najafi, G.H.,
Gholami, M., and Ardjmand, M. (2013). Lignocellulosic biomass to
bioethanol, a comprehensive review with a focus on pretreatment.
Renewable and Sustainable Energy Reviews, 27, 77-93.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.Y., Holtzapple, M., and

Ladisch, M. (2005). Features of promising technologies for pretreatment
of lignocellulosic biomass. Bioresource Technology, 96, 673-686.

111



Mrudula, S., and Murugammal, R. (2011). Production of cellulase by
Aspergillus niger under submerged and solid state fermentation using
coir waste as a substrate. Brazilian Journal of Microbiology, 42, 1119-
1127.

Muhaji, and Sutjahjo, D.H. (2018). The characteristics of bioethanol fuel made
of vegetable raw materials. IOP Conference Series: Materials Science
and Engineering, 296, 1-6.

Mukhlis, Mohd Saud, H., Sariah, M., Razi Ismail, M., Habib, S.H. and Kausar,
H. (2013). Potential lignocellulolytic Trichoderma for bioconversion of oil
palm empty fruit bunches. Australian Journal of Crop Science, 7, 425-
431.

Murad, H.A., and Azzaz, H.E.H. (2013). Cellulase production from rice straw by
Aspergillus flavus NRRL 5521. Science International, 1, 103-107.

Mustafa, A.M., Poulsen, T.G., Xia, Y., and Sheng, K. (2017). Combinations of
fungal and milling pretreatments for enhancing rice straw biogas
production during solid-state anaerobic digestion. Bioresource
Technology, 224, 174-182.

Mtui, G.Y.S. (2012). Lignocellulolytic enzymes from tropical fungi: Types,
substrates and applications. Scientific Research and Essays, 7, 1544-
1555.

Mutreja, R., Das, D., Goyal, D., and Goyal, A. (2011). Bioconversion of
agricultural waste to ethanol by SSF using recombinant cellulase from
Clostridium thermocellum. Enzyme Research, 2011, 1-6.

Mutturi, S., and Liden, G. (2013). Effect of temperature on simultaneous
saccharification and fermentation of pretreated spruce and arundo.
Industrial and Engineering Chemistry Research, 52, 1244-1251.

Nadeem, M., Aftab, M.U., Irffan, M., Mushtaq, M., Qadir, A., and Syed, Q.
(2015). Production of ethanol from alkali-pretreated sugarcane bagasse
under the influence of different process parameters. Frontiers in Life
Science, 8, 358-362.

Nagarajan, P., Karunanithi, T., and Deng, Y. (2015). Direct bioconversion of
cellulose into ethanol by mixed culture —batch kinetic and modeling.
International Journal of Innovative Research in Science, Engineering and
Technology, 4, 1870-1885.

Naik, S.N., Goud, V.V., Rout, P.K., and Dalai, A.K. (2010). Production of first
and second generation biofuels: A comprehensive review. Renewable
and Sustainable Energy Reviews, 14, 578-597.

Nair, R.B., Kabir, M.M., Lennartsson, P.R., Taherzadeh, M.J., and Horvath, |.S.
(2017). Integrated process for ethanol, biogas, and edible filamentous

112



fungi-based animal feed production from dilute phosphoric acid-
pretreated wheat straw. Applied Biochemistry and Biotechnology, 1-15.

Nasr, A.M., Badawi, Mona, H., Demerdash, M.A., and Barakat, O.S. (2015).
Bioconversion of rice straw into ethanol: fungi and yeasts are the
backbone microbiota of the process. International Journal of Current
Microbiology and Applied Sciences, 4, 382-401.

Nichols, N.N., Hector, R.E., Saha, B.C., Frazer, S.E., and Kennedy, G.J.
(2014). Biological abatement of inhibitors in rice hull hydrolyzate and
fermentation to ethanol using conventional and engineered microbes.
Biomass and Bioenergy, 67, 79-88.

Nikolic, S., Pejin, J., and Mojovic, L. (2016). Challenges in bioethanol
production: utilization of cotton fabrics as a feedstock. Chemical Industry
and Chemical Engineering Quarterly, 22, 375-390.

Nizami, A.S., Korres, N.E., and Murphy, J.D. (2009). Review of the integrated
process for the production of grass biomethane. Environmental Science
and Technology, 43, 8496—8508.

Nlewem, K.C., and Trash, M.E. (2010). Comparison of different pretreatment
methods based on residual lignin effect on the enzymatic hydrolysis of
switchgrass. Bioresource Technology, 101, 5426-5430.

Norfarina, M.N., Mohd Shamzi, M., Teck, C.L., Hooi, L.F., Raha, A.R., Joo,
S.T., and Rosfarizan, M. (2017). Comparative analyses on medium
optimization using one-factor-at-a-time, response surface methodology,
and artificial neural network for lysine—methionine biosynthesis by
Pediococcus pentosaceus RF-1. Biotechnology and Biotechnological
Equipment, 31, 935-947.

Nur Ain Izzati, M. Z., Nur Adni, M. and Mohd Razik, M. (2017). Isolation and
characterisation of ascomycetes isolated from Eurycoma longifolia jack
and malay traditional vegetables. Pertanika Journal of Tropical
Agricultural Science, 40, 533 — 542.

Nur Ain lIzzati, M.Z., Madihah, M.Z.A., Nor Azizah, K., Najihah, A. and
Muskhazli, M. (2019). First report of Bipolaris cactivora causing brown
leaf spot in rice in Malaysia. Plant Disease. doi: 10.1094/PDIS-08-18-
1384-PDN.

Nur Baiti, A.M., Nor Azizah K. and Nur Ain Izzati, M. Z., (2016). Identification
and diversity of Fusarium species isolated from tomato fruits. Journal of
Plant Protection Research, 56, 211-216.

Oberoi, H.S., Vadlani, P.V., Saida, L., Bansal, S., and Hughes, J.D. (2011).
Ethanol production from banana peels using statistically optimized
simultaneous saccharification and fermentation process. Waste
Management, 31, 1576-1584.

113



Okamoto, K., Nitta, Y., Maekawa, N. and Yanase, H. (2011). Direct ethanol
production from starch, wheat bran and rice straw by the white rot fungus
Trametes hirsute. Enzyme and Microbial Technology, 48, 273-277.

Oladosu, Y., Rafii, M.Y., Abdullah, N., Magaiji, U., Hussin, G., Ramli, A., and
Miah, G. (2016). Fermentation quality and additives: A case of rice straw
silage. BioMed Research International, 2016, 1-14.

Olofsson, K., Bertilsson, M., and Lidén, G. (2008). A short review on SSF — an
interesting process option for ethanol production from lignocellulosic
feedstocks. Biotechnology for Biofuels, 1, 1-14.

Olson, D.G., McBride, J.E., Shaw, AJ., and Lynd, L.R. (2012). Recent
progress in consolidated bioprocessing. Current Opinion in
Biotechnology, 23, 396-405.

Ong, L.G.A., APCBEES, Chan, C.H., and Chew, A.L. (2012). Enzymatic
hydrolysis of rice straw: Process optimization. Journal of Medical and
Bioengineering (JOMB), 1, 14-16.

Onuki, S., Koziel, J.A.,Leeuwen, J.V., Jenks, W.S., Grewell, D.A. and Cai, L.
(2008). Ethanol production, purification, and analysis techniques: A
review. ASABE Annual International Meeting, Paper No. 085136.

Panasenko, V.T. (1967). Ecology of microfungi. The Botanical Review, 33,
189-215.

Paola, D.C., Isabella, D.B., and Patrizia, R. (2011). Latest frontiers in the
biotechnologies for ethanol production from lignocellulosic biomass. In
Bernardes, M.A.D.S. (Ed.), Biofuel Production-Recent Developments and
Prospects. United Kingdom: INTECH Open Access Publisher.

Parisutham, V., Kim, T.H., and Lee, S.K. (2014). Feasibilities of consolidated
bioprocessing microbes: From pretreatment to biofuel production.
Bioresource Technology, 161, 431-440

Park, J.Y., Shiroma, R., Al-Haq, M.l., Zhang, Y., ke, M., Arai-Sanoh, Y., Ida,
A., Kondo, M., and Tokuyasu, K. (2010). A novel lime pretreatment for
subsequent bioethanol production from rice straw — Calcium capturing by
carbonation (CaCCO) process. Bioresource Technology, 101, 6805-
6811.

Paschos, P., Xiros, C., and Christakopoulos, P. (2015). Ethanol effect on
metabolic activity of the ethalogenic fungus Fusarium oxysporum. BMC
Biotechnology, 15, 15.

Passos, D.F., Pereira, N., and de Castro, A.M. (2018). A comparative review of
recent advances in cellulases production by Aspergillus, Penicillium and
Trichoderma strains and their use for lignocellulose deconstruction.
Current Opinion in Green and Sustainable Chemistry, 14, 60-66.

114



Paulova, L., Patakova, P., Branska, B., Rychtera, M., and Melzoch, K. (2015).
Lignocellulosic ethanol: Technology design and its impact on process
efficiency. Biotechnology Advances, 33, 1091-1107.

Pellera, F.M., and Gidarakos, E. (2018). Chemical pretreatment of
lignocellulosic agroindustrial waste for methane production. Waste
Management, 71, 689—703.

Pereira, S.C., Maehara, L., Machado, C.M.M., and Farinas, C.S (2015). 2G
ethanol from the whole sugarcane lignocellulosic biomass. Biotechnology
Biofuels, 8, 1-16.

Piarpuzan, D., Quintero, J.A., and Cardona, C.A. (2011). Empty fruit bunches
from oil palm as a potential raw material for fuel ethanol production.
Biomass and Bioenergy, 35, 1130-1137.

Pitt, J.I., and Hocking, A.D. (2009). Aspergillus and related teleomorphs. In Pitt,
J.l., and Hocking, A.D. (Eds.), Fungi and Food Spoilage (pp. 275-337).
Boston: Springer.

Pirzadah, T., Garg, S., Singh, J., Vyas, A., Kumar, M., Gaur, N., Bala, M.,
Rehman, R., Varma, A., Kumar, V., and Kumar, M. (2014).
Characterization of Actinomycetes and Trichoderma spp. for cellulase
production utilizing crude substrates by response surface methodology.
SpringerPlus 2014, 3, 1-12.

Pradeep, P., Reddy, O.V.S., Mohan, P.R., and Ko, S. (2012). Process
optimization for ethanol production from very high gravity (VHG) finger
millet medium using response surface methodology. Iranian Journal of
Biotechnology, 10, 168-174.

Puri, M., Abraham, R.E., and Barrow, C.J. (2012). Biofuel production:
Prospects, challenges and feedstock in Australia. Renewable and
Sustainable Energy Reviews, 16, 6022-6031.

Rabemanolontsoa, H., and Saka, S. (2016). Various pretreatments of
lignocellulosics. Bioresource Technology, 199, 83-91.

Rahman, M.M., El-Aty, A.M.A., Choi, J.H., Shin, H.C., Shin, S.C., and Shim,
J.H. (2015). Basic Overview on Gas Chromatography Columns. In
Anderson, J.L., Berthod, A., Estévez, V.P., and Stalcup, A.M. (Eds.),
Analytical Separation Science, First Edition (pp. 823-834). New York:
Wiley-VCH Verlag GmbH & Co. KGaA.

Rahnama, N., Foo, H.L., Abdul Rahman, N.A., Ariff, A., and Md Shah, U.K.
(2014). Saccharification of rice straw by cellulase from a local
Trichoderma harzianum SNRS3 for biobutanol production. BMC
Biotechnology, 14, 103.

115



Raissi, S., and Farsani, R.E. (2009). Statistical process optimization through
multi-response surface methodology. World Academy of Science,
Engineering and Technology, 51, 267-271.

Rajamoorthy, Y., Abdul Rahim, K., and Munusamy, S. (2015). Rice industry in
Malaysia: Challenges, policies and implications. Procedia Economics
and Finance, 31, 861-867.

Ram, L., Kaur, K. and Sharma, S. (2014). Screening isolation and
characterization of cellulase producing micro-organisms from soil.
International Journal of Pharmaceutical Science Invention, 3, 12 — 18.

Rani, V., Mohanram, S., Tiwari, R., Nain, L. and Arora, A. (2014). Beta-
Glucosidase: Key enzyme in determining efficiency of cellulase and
biomass hydrolysis. Journal of Bioprocessing and Biotechniques, 5, 197
— 205.

Rawat, R., Kumbhar, B.K., and Tewari, L. (2013). Optimization of alkali
pretreatment for bioconversion of poplar (Populus deltoides) biomass
into fermentable sugars using response surface methodology. Industrial
Crops and Products, 44, 220- 226.

Ray, R.C., and Behera, S.S. (2017). Solid state fermentation for production of
microbial cellulases. In Brahmachari, G., Demain, A.L., and Adrio, J.L.
(Eds.), Biotechnology of Microbial Enzymes: Production, Biocatalysis,
and Industrial Applications (pp. 43-69). Amsterdam: Elsevier.

Ren, N.Q., Zhao, L., Chen, C., Guo, W.Q., and Cao, G.L. (2016). A review on
bioconversion of lignocellulosic biomass to Hz: Key challenges and new
insights. Bioresource Technology, 215, 92—-99.

Resch, M.G., Donohoe, B.S., Baker, J.O., Decker, S.R., Bayer, E.A., Beckham,
G.T, and Himmel, M.E. (2013). Fungal cellulases and complexed
cellulosomal enzymes exhibit synergistic mechanisms in cellulose
deconstruction. Energy and Environmental Science, 6, 1858-1867.

Rheem, S., Rheem, I., and Oh, S. (2017). Response surface methodology
using a fullest balanced model: A re-analysis of a dataset in the Korean
journal for food science of animal resources. Korean Journal for Food
Science of Animal Resources, 37, 139-146.

Robinson, M.T., and Oen, O.S. (1963). The channeling of energetic atoms in
crystal lattice. Applied Physic Letter, 2, 30-32.

Rocha, G.J.M., Nascimento, V.M., da Silva, V.F.N., Corso, D.L.S., and
Goncalves, A.R. (2014). Contributing to the environmental sustainability
of the second generation ethanol production: Delignification of sugarcane
bagasse with sodium hydroxide recycling. Industrial Crops and Products,
59, 63-68.

116



Rosmiza, M.Z., Davies, W.P., Rosniza Aznie, C.R., Mazdi, M. and Jabil, M.J.
(2014). Farmers’ knowledge on potential uses of rice straw: An
assessment in MADA and Sekinchan, Malaysia. Malaysian Journal of
Society and Space, 10, 30 — 43.

Roy, P., and Kaur, M. (2015). Status and problems of paddy straw
management in west Bengal. International Journal of Advances in
Agricultural & Environmental Engineering, 2, 44-48.

Ruriani, E., Sunarti, T.C., and Meryandini, A. (2012). Yeast isolation for
bioethanol. Hayati Journal of Bioscience, 19, 145-149.

Saeed, M.A., Ma, H., Yue, S., Wang, Q., and Tu, M. (2018). Concise review on
ethanol production from food waste: Development and sustainability.
Environmental Science and Pollution Research, 25, 28851-28863.

Saha, B.C, Nichols, N.N., Qureshi, N., Kennedy, G.J., Iten, L.B., and Cotta,
M.A. (2015). Pilot scale conversion of wheat straw to ethanol via
simultaneous  saccharification and  fermentation. Bioresource
Technology, 175, 17-22.

Sahni, N., and Phutela, U.G. (2013). Comparative profile of paddy straw
pretreated with standard and isolated lignocellulolytic fungal cultures.
Journal of Yeast and Fungal Research, 4, 92-97.

Sakimoto, K., Kanna, M., and Matsumura, Y. (2017). Kinetic model of cellulose
degradation using simultaneous saccharification and fermentation.
Biomass and Bioenergy, 99, 116-121.

Sakthi, S.S, Saranraj, P., and Rajasekar, M. (2011). Optimization for cellulase
production by Aspergillus niger using paddy straw as substrate.
International Journal of Advanced Scientific and Technical Research, 1,
70-85.

Santos, V.T.O., Siqueira, G., Milagres, A.M.F., and Ferraz, A. (2018). Role of
hemicellulose removal during dilute acid pretreatment on the cellulose
accessibility and enzymatic hydrolysis of compositionally diverse
sugarcane hybrids. Industrial Crops and Products, 111, 722—-730.

Sarabana, S.S.H., EI-Gabry, K.I.M., and Eldin, A.M. (2015). Optimizing growth
conditions provoked ethanol production by fungi grown on glucose.
Middle East Journal of Applied Sciences, 5, 1222-1231.

Saratale, G.D., and Oh, M.K. (2015). Improving alkaline pretreatment method
for preparation of whole rice waste biomass feedstock and bioethanol
production. RSC Advances, 5, 97171-97179.

Sari, F.P., and Budiyono. (2014). Enhanced biogas production from rice straw
with various pretreatment : A review. Waste Technology, 2, 17-25.

117



Saritha, M., Arora, A., and Lata. (2012a). Biological pretreatment of
lignocellulosic substrates for enhanced delignification and enzymatic
digestibility. Indian Journal of Microbiology, 52, 122-130.

Saritha, M., Arora, A., and Nain, L. (2012b). Pretreatment of paddy straw with
Trametes hirsuta for improved enzymatic saccharification. Bioresource
Technology, 104, 459-465.

Saritha, M., Arora, A., Singh, S., and Nain, L. (2013). Streptomyces
griseorubens mediated delignification of paddy straw for improved
enzymatic saccharification yields. Bioresource Technology, 135, 12-17.

Sarkar, N.S., Ghosh, S.K., Bannerjee, S., and Aikat, K. (2012). Bioethanol
production from agricultural wastes: An overview. Renewable Energy,
37, 19-27.

SAS (1999). Introduction to Response Surface Experiments. Institute Inc., SAS
Campus Drive, Cary, North Carolina.

Sawisit, A., Jampatesh, S., Jantama, S.S., and Jantama, K. (2018).
Optimization of sodium hydroxide pretreatment and enzyme loading for
efficient hydrolysis of rice straw to improve succinate production by
metabolically engineered Escherichia coli KJ122 under simultaneous
saccharification and fermentation. Bioresource Technology, 260, 348—
356.

Schuster, B.G., and Chinn, M.S. (2013). Consolidated bioprocessing of
lignocellulosic feedstocks for ethanol fuel production. Bioenergy
Research, 6, 416—435.

Segato, F., Damasio, A.R.L., Lucas, R.C., Squina, F.M., and Prade, R.A.
(2014). Genomics review of holocellulose deconstruction by Aspergilli.
Microbiology and Molecular Biology Reviews, 78, 588—613.

Sendich, E., Laser, M., Kim, S., Alizadeh, H., Laureano-Perez, L., Dale, B., and
Lynd, L., (2008). Recent process improvements for the ammonia fiber
expansion (AFEX) process and resulting reductions in minimum ethanol
selling price. Bioresource Technology, 99, 8429-8435.

Seo, D.J., and Sakoda, A. (2014). Assessment of the structural factors
controlling the enzymatic saccharification of rice straw cellulose. Biomass
and Bioenergy, 71, 47-57.

Shah, S.R., Ishmael, U.C., Palliah, J.V., Asras, M.F.F., and Nik Wan Ahmad,
S.S. (2016). Optimization of the enzymatic saccharification process of
empty fruit bunch pretreated with laccase enzyme. Bioresources, 11,
5138-5154.

Sharifah Siti Maryam, S.A.R., Nor Azwady, A.A. and Nur Ain lzzati, M.Z.
(2016). Isolation and diversity of Trichoderma species from cultivated
crop soil in Malaysia. Acta Biologica Malaysiana, 5, 43-48.

118



Sharma, N., Kalra, K.L, Oberoi, H.S., and Bansal, S. (2007). Optimization of
fermentation parameters for production of ethanol from kinnow waste
and banana peels by simultaneous saccharification and fermentation.
Indian Journal of Microbiology, 47, 310-316.

Sharma, R.K., and Arora, D.S. (2011). Solid state degradation of paddy straw
by Phlebia floridensis in the presence of different supplements for
improving its nutritive status. International Biodeterioration and
Biodegradation, 65, 990-996.

Sharma, N.K., Behera, S., Arora, R., Kumar, S., and Sani, R.K. (2018). Xylose
transport in yeast for lignocellulosic ethanol production: Current status.
Journal of Bioscience and Bioengineering, 125, 259-267.

Shaw, R., Festing, M.F.W., Peers, I., and Larry, F. (2002). Use of factorial
designs to optimize animal experiments and reduce animal use. ILAR
Journal, 43, 223-232.

Shawky, B.T., Mahmoud, M.G., Ghazy, E.A., Asker, M.M.S., and Ibrahim, G.S.
(2011). Enzymatic hydrolysis of rice straw and corn stalks for
monosugars production. Journal of Genetic Engineering and
Biotechnology, 9, 59-63.

Shen, D., Xiao, R., Gu, S., and Zhang, H. (2013). The overview of thermal
decomposition of cellulose in lignocellulosic biomass. In Kadla, J., and
Van de Ven, T.G.M. (Eds.), Cellulose Biomass Conversion. United
Kingdom: INTECH Open Access Publisher.

Sheng, P., Huang, J., Zhang, Z., Wang, D., Tian, X. and Ding, J. (2016).
Construction and characterization of a cellulolytic consortium enriched
from the hindgut of Holotrichia parallela larvae. International Journal of
Molecular Sciences, 17, 1646 — 1658.

Shinozaki, Y., and Kitamoto, H.K. (2011). Ethanol production from ensiled rice
straw and whole-crop silage by the simultaneous enzymatic
saccharification and fermentation process. Journal of Bioscience and
Bioengineering, 111, 320-325.

Shong, J., Diaz, M.R.J., and Collins, C.H. (2012). Towards synthetic microbial
consortia for bioprocessing. Current Opinion in Biotechnology, 23, 798-
802.

Silva, R.N. (2016). Mycology: Current and future developments: Fungal
biotechnology for biofuel production (pp. 343-344). United Arab of
Emirates: Bentham Science Publisher.

Sims, R.E., Mabee, W., Saddler, J.N., and Taylor, M. (2010). An overview of

second generation biofuel technologies. Bioresource Technology, 101,
1570-1580.

119



Sindhu, R., Binod, P., and Pandey, A. (2016). Biological pretreatment of
lignocellulosic biomass — An overview. Bioresource Technology, 199,
76-82.

Singh, A., and Bishnoi, N.R. (2012). Optimization of enzymatic hydrolysis of
pretreated rice straw and ethanol production. Applied Microbiology
Biotechnology, 93, 1785-1793.

Singh, D.P., and Trivedi, R.K. (2013). Acid and alkaline pretreatment of
lignocellulosic biomass to produce ethanol as biofuel. International
Journal of ChemTech Research, 5, 727-734.

Singh, R., Tiwari, S., Srivastava, M., and Shukla, A. (2014). Microwave
assisted alkali pretreatment of rice straw for enhancing enzymatic
digestibility. Journal of Energy, 2014, 1-7.

Singh, N., Mathur, A.S., Tuli, D.K., Gupta, R.P., Barrow, C.J., and Puri, M.
(2017). Cellulosic ethanol production via consolidated bioprocessing by a
novel thermophilic anaerobic bacterium isolated from a Himalayan hot
spring. Biotechnology and Biofuels, 10, 1-18.

Singhania, R.R., Patel, A.K., Sukumaran, R.K., Larroche, C., and Pandey, A.
(2013). Role and significance of beta-glucosidases in the hydrolysis of
cellulose for bioethanol production. Bioresource Technology, 127, 500-
507.

Skory, C.D., Freer, S.N., and Bothast, R.J. (1997). Screening for ethanol-
producing filamentous fungi. Biotechnology Letters, 19, 203-206.

Sohail, M., Siddiqi, R., Ahmad, A. and Khan, S.A. (2009). Cellulase production
from Aspergillus niger MS82: Effect of temperature and pH. New
Biotechnology, 25, 437-442.

Soliman, S.A., El-Zahwary, Y.A., and El-Mougith, A.A. (2013). Fungal
biodegradation of agro-industrial waste. In Kadla, J., and Van de Ven,
T.G.M. (Eds.), Cellulose Biomass Conversion. United Kingdom: INTECH
Open Access Publisher.

Sorek, N., Yeats, T.H., Szemenyei, H., Youngs, H., and Somerville, C.R.
(2014). The implications of lignocellulosic biomass chemical composition
for the production of advanced biofuels. BioScience, 64, 192-201.

Srivastava, N., Srivastava, M., Manikanta, A., Ramteke, P.W., Singh, R.L.,
Mishra, P.K., and Upadhyay, S.N. (2018). Fungal cellulases production
for biodegradation of agriculture waste. In Panpatte, D., Jhala Y., Shelat
H., and Vyas R. (Eds.), Microorganisms for Green Revolution.
Microorganisms for Sustainability, vol 7 (pp. 75-89). Singapore: Springer.

Suhag, M. and Singh, J. (2014). Recent Advances in fermentation of
lignocellulosic biomass hydrolysate to ethanol. Journal of Advances in
Science and Technology, 7, 1-8.

120



Sukumaran, R., Singhania, R., and Pandey, A. (2005). Microbial cellulases
production, applications and challenges. Journal of Scientific and
Industrial Research, 64, 832-844.

Sukumaran, R.K., Surender, V.J., Sindhu, R., Binod, P., Janu, K.U., Sajna,
K.V., Rajasree, K.P., and Pandey, A. (2010). Lignocellulosic ethanol in
India: Prospects, challenges and feedstock availability. Bioresource
Technology, 101, 4826—-4833.

Sun, Y., and Cheng, J. (2002). Hydrolysis of lignocellulosic materials for
ethanol production: A review. Bioresource Technology, 83, 1-11.

Suresh, K., Ranjan, A., Singh, S., and Moholkar, V.S. (2014). Mechanistic
investigations in sono-hybrid techniques for rice straw pretreatment.
Ultrasonics Sonochemistry, 21, 200-207.

Suriyachai, N., Weerasaia, K., Laosiripojana, N., Champreda, V., and Unrean,
P. (2013). Optimized simultaneous saccharification and co-fermentation
of rice straw for ethanol production by Saccharomyces cerevisiae and
Scheffersomyces stipitis co-culture using design of experiments.
Bioresource Technology, 142, 171-178.

Suwannarangsee,S., Bunterngsook, B., Arnthong, J., Paemanee, A,
Thamchaipenet, A., Eurwilaichitr a, L., Laosiripojana, N., and
Champreda, V. (2012). Optimisation of synergistic biomass-degrading
enzyme systems for efficient rice straw hydrolysis using an experimental
mixture design. Bioresource Technology, 119, 252—-261.

Taha, M., Shahsavari, E., Al-Hothaly, K., Mouradov, A., Smith, A.T., Ball, A.S.
and Adetutu, E.M. (2015). Enhanced biological straw saccharification
through coculturing of lignocellulose-degrading microorganisms. Applied
Biochemistry and Bioetchnology, 175, 3709-3728.

Taher, 1.B., Bennour, H., Fickers, P., and Hassouna, M. (2017). Valorization of
potato peels residues on cellulase production using a mixed culture of
Aspergillus niger ATCC 16404 and Trichoderma reesei DSMZ 970.
Waste and Biomass Valorization, 8, 183-192.

Takano, M., and Hoshino, K. (2012). Direct ethanol production from rice straw
by coculture with two high-performing fungi. Frontiers of Chemical
Science and Engineering, 6, 139-145.

Takano, M., and Hoshino, K. (2018). Bioethanol production from rice straw by
simultaneous saccharification and fermentation with statistical optimized
cellulase cocktail and fermenting fungus. Bioresources and
Bioprocessing, 5, 1-12.

Tayyab, M., Noman, A, Islam, W., Waheed, S., Arafat, Y., Ali, F., Zaynab, M.,
Lin, S., Zhang, H., and Lin, W. (2017). Bioethanol production from

121



lignocellulosic biomass by environment-friendly pretreatment methods: A
review. Applied Ecology and Environmental Research, 16, 225-249.

Teeravivattanakit, T., Baramee, S., Phitsuwan, P., Sornyotha, S., Waeonukul,
R., Pason, P., Tachaapaikoon, C., Poomputsa, K., Kosugi, A., Sakka,
K., and Ratanakhanokchai, K. (2017). Chemical pretreatment-
independent saccharifications of xylan and cellulose of rice straw by
bacterial weak lignin-binding xylanolytic and cellulolytic enzymes. Applied
and Environmental Microbiology, 83, 1-15.

Teghammar, A., Karimi, K., Horvath, |.S., and Taherzadeh, M.J. (2012).
Enhanced biogas production from rice straw, triticale straw and softwood
spruce by NMMO pretreatment. Biomass and Bioenergy, 36, 116-120.

Tesfaw, A., and Assefa, F. (2014). Co-culture: A great promising method in
single cell protein production. Biotechnology and Molecular Biology
Reviews, 9, 12-20.

Teter, S.A., Sutton, K.B., and Emme, B. (2014). Enzymatic processes and
enzyme development in biorefining. In Waldron, K. (Ed.), Advances in
Biorefineries: Biomass and water supply chain exploitation (pp. 199-226).
United Kingdom: Woodhead Publishing.

Thomas, L., Larroche, C., and Pandey, A. (2013). Current developments in
solid-state fermentation. Biochemical Engineering Journal, 81, 146—-161.

Thontowi, A., Perwitasari, U., Kholida, L.N., Fahrurrozi, Yopi, and Prasetya, B.
(2017). Optimization of simultaneous saccharification and fermentation in
bioethanol production from sugarcane bagasse hydrolyse by
Saccharomyces cerevisiaie BTCC 3 using response surface
methodology. IOP Conference Series: Earth and Environmental Science,
183, 1-9.

Thormann, M.N., Currah, R.S. and Bayley, S.E. (2002). The relative ability of
fungi from Sphagnum fuscum to decompose selected carbon substrates.
Canadian Journal of Microbiology, 48, 204-211.

Tiwari, R., Rana, S., Singh, S., Arora, A., Kaushik, R., Agrawal, V.V., Saxena,
A.K., and Nain, L. (2013). Biological delignification of paddy straw and
Parthenium sp. using a novel micromycete Myrothecium roridum LG7 for
enhanced saccharification. Bioresource Technology, 135, 7-11.

Tye, Y.Y., Lee, K.T., Wan Abdullah, W.N., and Leh, C.P. (2011). Second-
generation bioethanol as a sustainable energy source in Malaysia
transportation sector: status, potential and future prospects. Renewable
and Sustainable Energy Review, 15, 4521-4536.

Umikalsom, M.S., Ariff, A.B., Shamsuddin, Z.H., Tong, C.C., Hassan, M.A., and
Karim, M.ILA. (1997). Production of cellulase by a wild strain Chaetomium
globosum using delignified oil palm empty-fruit-bunch fibre as substrate.
Applied Microbiology and Biotechnology, 47, 590-595.

122



Vanitjinda, G., Nimchua, T., and Sukyai, P. (2019). Effect of xylanase-assisted
pretreatment on the properties of cellulose and regenerated cellulose
films from sugarcane bagasse. International Journal of Biological
Macromolecules, 122, 503-516.

van Zyl, W.H., den Haan, R., and la Grange, D.C. (2011). Developing
organisms for consolidated bioprocessing of biomass to ethanol. In
Bernardes, M.A.D.S. (Ed.), Biofuel Production-Recent Developments and
Prospects. United Kingdom: INTECH Open Access Publisher.

van Zyl, W.H., den Haan, R., and la Grange, D.C. (2013). Developing
cellulolytic organisms for consolidated bioprocessing of lignocellulosics.
In Gupta V., and Tuohy M. (Eds.), Biofuel Technologies (pp. 189-220).
Berlin, Heidelberg: Springer.

Visser, E.M., Leal, T.F., de Almeida, M.N., and Guimaraes, V.M. (2015).
Increased enzymatic hydrolysis of sugarcane bagasse from enzyme
recycling. Biotechnology for Biofuels, 8, 1-9.

Waghmare, P.R., Kadam, A.A., Saratale, G.D., and Govindwar, S.P. (2014).
Enzymatic hydrolysis and characterization of waste lignocellulosic
biomass produced after dye bioremediation under solid state
fermentation. Bioresource Technology, 168, 136—141.

Wagner, A.O., Schwarzenauer, T., and lllmer, P. (2013). Improvement of
methane generation capacity by aerobic pre-treatment of organic waste
with a cellulolytic Trichoderma viride culture. Journal of Environmental
Management, 129, 357-360.

Wahid, Z., and Nadir, N. (2013). Improvement of one factor at a time through
design of experiments. World Applied Sciences Journal 21 (Mathematical
Applications in Engineering), 56-61.

Walker, G.M., and Stewart, G.G (2016): Saccharomyces cerevisiae in the
production of fermented beverages. Beverages, 2, 30 — 42.

Wan, C., and Li, Y. (2010a). Microbial delignification of corn stover by
Ceriporiopsis subvermispora for improving cellulose digestibility. Enzyme
and Microbial Technology, 47, 31-36.

Wan, C., and Li, Y. (2010b). Microbial pretreatment of corn stover with
Ceriporiopsis subvermispora for enzymatic hydrolysis and ethanol
production. Bioresource Technology, 101, 6398-6403.

Wan, C., and Li, Y. (2011). Effectiveness of microbial pretreatment by
Ceriporiopsis subvermispora on different biomass feedstocks. Bioresoure
Technology, 102, 7507-7512.

Wang, M., Li, Z., Fang, X., Wang, L. and Qu, Y. (2012). Cellulolytic Enzyme
Production and Enzymatic Hydrolysis for Second-Generation Bioethanol
Production. In Bai, F.W., Liu, C.G., Huang, H. and Tsao, G. (Eds.),

123



Biotechnology in China Ill: Biofuels and Bioenergy. Advances in
Biochemical Engineering Biotechnology, vol 128 (pp. 1-24). Berlin,
Heidelberg: Springer.

Wang, Z., Cao, G., Zheng, J., Fu, D., Song, J., Zhang, J., Zhao, L., and Yang,
Q. (2015a). Developing a mesophilic co-culture for direct conversion of
cellulose to butanol in consolidated bioprocess. Biotechnology for
Biofuels, 8, 1-9.

Wang, K., Xie, X., Si, Z., Jiang, J., and Wang, J. (2015b). Microwave assisted
hydrolysis of holocellulose catalyzed with sulfonated char derived from
lignin-rich residue. Advances in Materials Science and Engineering,
2015, 1-6.

Wanmolee, W., Sornlake, W., Rattanaphan, N., Suwannarangsee, S.,
Laosiripojana, N., and Champreda,V. (2016). Biochemical
characterization and synergism of cellulolytic enzyme system from
Chaetomium globosum on rice straw saccharification. BMC
Biotechnology, 16, 1-12.

Wati, L., Kumari, S., and Kundu, B.S. (2007). Paddy straw as substrate for
ethanol production. Indian Journal of Microbiology, 47, 26-29.

Wen, Z., Liao, W. and Chen, S. (2005). Production of cellulase/B-glucosidase
by the mixed fungi culture Trichoderma reesei and Aspergillus phoenicis
on dairy manure. Process Biochemistry, 40, 3087 - 3094.

Wen, F., Sun, J., and Zhao, H. (2010). Yeast surface display of trifunctional
minicellulosomes for simultaneous saccharification and fermentation of
cellulose to ethanol. Applied and Environmental Microbiology, 76, 1251-
1260.

Wi, S.G., Choi, I.S., Kim, K.H., Kim, H.M., and Bae, H.J. (2013). Bioethanol
production from rice straw by popping pretreatment. Biotechnology for
Biofuels, 6, 1-7.

Wieczorek, A.S., Biot-Pelletier, D., and Martin, V.J.J. (2013): Recombinant
Cellulase and Cellulosome Systems. In Kadla, J., and Van de Ven,
T.G.M. (Ed.), Cellulose Biomass Conversion. United Kingdom: INTECH
Open Access Publisher.

Woiciechowski, A.L., Karp, S.G., Sobral, K., De Carvalho, J.C., Letti, L.A.J.,
Soccol, V.T., and Soccol, C.R. (2014). Pretreatment strategies to
enhance value addition of agro-industrial wastes. In Brar, S., Dhillon, G.,
and Soccol, C. (Eds.), Biotransformation of waste biomass into high
value biochemical (pp. 29-49). New York: Springer.

Wongwilaiwalin, S., Rattanachomsri, U., Laothanachareon, T., Eurwilaichitr, L.,

Igarashi, Y., and Champreda, V. (2010). Analysis of a thermophilic
lignocellulose degrading microbial consortium and multi-species

124



lignocellulolytic enzyme system. Enzyme and Microbial Technology, 47,
283-290.

Wyman, C.E., Cai, C.M., and Kumar, R. (2017). Bioethanol from lignocellulosic
biomass. In Kaltschmitt M. (Ed.), Energy from Organic Materials
(Biomass). Encyclopedia of Sustainability Science and Technology
Series (pp. 997-1022). New York: Springer.

Xu, C., Qin, Y., Li, Y., Ji, Y., Huang, J., Song, H., and Xu, J. (2010). Factors
influencing cellulosome activity in consolidated bioprocessing of
cellulosic ethanol. Bioresource Technology, 101, 9560-9569.

Yadav, I.C., and Devi, N.L. (2018). Biomass burning, regional air quality, and
climate change. Reference Module in Earth Systems and Environmental
Sciences, 2018, 1.

Yamada, R., Taniguchi, N., Tanaka, T., Ogino, C., Fukuda, H., and Kondo, A.
(2011). Direct ethanol production from cellulosic materials using a diploid
strain of Saccharomyces cerevisiae with optimized cellulase expression.
Biotechnology for Biofuels, 4, 1-8.

Yang, L., Cao, J., Jin, Y., Chang, H.M., Jameel, H., Phillips, R., and Li, Z.
(2012). Effects of sodium carbonate pretreatment on the chemical
compositions and enzymatic saccharification of rice straw. Bioresource
Technology, 124, 283-291.

Yao, W., and Nokes, S.E. (2013). Perspective: The use of co-culturing in solid
substrate cultivation and possible solutions to scientific challenges.
Biofuels, Bioproducts and Biorefining, 7, 361-372.

Ylitervo, P., Franzén, C.J., and Taherzadeh, M.J. (2013). Impact of furfural on
rapid ethanol production using a membrane bioreactor. Energies, 6,
1604-1617.

Yoswathana, N., Phuriphipat, P., Treyawutthiwat, P., and Eshtiaghi, M.N.
(2010). Bioethanol production from rice straw. Energy Research Journal,
1, 26-31.

You, C., Zhang, X.Z., Sathitsuksanoh, N., Lynd, L.R., and Zhang, Y.H.P.
(2012). Enhanced microbial utilization of recalcitrant cellulose by an ex
vivo  cellulosome-microbe complex. Applied and Environmental
Microbiology, 1437—-1444.

Yu, Q., Zhuang, X., Yuan, Z., Wang, Q., Qi, W., Wang, W., Zhang, Y., Xu, J.
and Xu, H. (2010). Two-step liquid hot water pretreatment of Eucalyptus
grandis to enhance sugar recovery and enzymatic digestibility of
cellulose. Bioresource Technology, 101, 4895-4899.

Zambare, V.P., and Christopher, L.P. (2012). Optimization of enzymatic
hydrolysis of corn stover for improved ethanol production. Energy
Exploration and Exploitation, 30, 193-205.

125



Zerva, A., Savvides, A.L., Katsifas, E.A., Karagouni, A.D., and Hatzinikolaou,
D.G. (2014). Evaluation of Paecilomyces variotii potential in bioethanol
production from lignocellulose through consolidated bioprocessing.
Bioresource Technology, 162, 294—-299.

Zhang, Y.H.P., Himmel, M.E., and Mielenz, J.R. (2006). Outlook for cellulose
improvement: Screening and selection strategies. Biotechnology
Advances, 24, 452-481.

Zhang, C. (2007). Chromatographic methods for environmental analysis. In
Zhang, C. (Ed.), Fundamentals of environmental sampling and analysis
(pp.- 247-285). Hoboken, New Jersey: John Wiley & Sons, Inc.

Zhang, Q., and Cai, W. (2008). Enzymatic hydrolysis of alkali-pretreated rice
straw by Trichoderma reesei ZM4-F3. Biomass and Bioenergy, 32, 1130-
1135.

Zhang, M., Wang, F., Su, R., Qi, W., and He, Z. (2010). Ethanol production
from high dry matter corncob using fed-batch simultaneous
saccharification and fermentation after combined pretreatment.
Bioresource Technology, 101, 4959-4964.

Zhang, W., Lin, Y., Zhang, Q., Wang, X., Wu, D., and Kong, H. (2013).
Optimisation of simultaneous saccharification and fermentation of wheat
straw for ethanol production. Fuel, 112, 331-337.

Zhao, L.C., He, Y., Deng, X., Yang, G.L., LiW., Liang, J., and Tang, Q.L.
(2012). Response surface modeling and optimization of accelerated
solvent extraction of four lignans from Fructus schisandrae. Molecules,
17, 3618-3629.

Zhao, X., Moates, G.K., Elliston, A., Wilson, D.R., Coleman, M.J., and Waldron,
K.W. (2015). Simultaneous saccharification and fermentation of steam
exploded duckweed: Improvement of the ethanol yield by increasing
yeast titre. Bioresource Technology, 194, 263-269.

Zheng, Y., Zhao, J., Xu, F., and Li, Y. (2014). Pretreatment of lignocellulosic
biomass for enhanced biogas production. Progress in Energy and
Combustion Science, 42, 35-53.

Zhu, J.Y., and Pan, X.J. (2010). Woody biomass pretreatment for cellulosic
ethanol production: Technology and energy consumption evaluation.
Bioresource Technology, 101, 4992-5002.

Zhu, S., Huang. W., Huang, W., Wang, K., Chen, Q., and Wu, Y. (2015).
Pretreatment of rice straw for ethanol production by a two-step process
using dilute sulfuric acid and sulfomethylation reagent. Applied Energy,
154, 190-196.

126



Zoglowek, M., Hansen, G.H., Libeck, P.S., and Libeck, M. (2016). Fungal
consortia for conversion of lignocellulose into bioproducts. In Silva, R.N.
(Ed.), Mycology: Current and future developments (Vol. 1) Fungal
biotechnology for biofuel productions (pp. 329-365). Sharjah, United Arab
of Emirates: Betham Science Publisher LTD.

Zuas, O., Mulyana, M.R., and Budiman, H. (2016). Analytical method validation

of GC-FID for the simultaneous measurement of hydrocarbons (C2-C4)
in their gas mixture. Revista Colombiana de Quimica, 45, 22-27.

127



BIODATA OF STUDENT

Mona Fatin Syazwanee Binti Mohamed Ghazali was born on 27t July 1990 at
Penang Adventist Hospital. She acquired her pre-university education from SK
Dato Kramat, SMK (P) St. George and Penang Matriculation College. She
pursued her studies at Universiti Putra Malaysia where she obtained her
Bachelor of Science (Honours) - Biology in 2013 and then Master of Science —
Conservation Biology from Universiti Kebangsaan Malaysia in 2015. Owing to a
great passion in microbiology, she extended her keen interest in that area by
continuing with a PhD research on developing bioethanol from paddy straw
using lignocellulolytic fungi that is expected to be successfully completed in
2019.

134



LIST OF PUBLICATIONS

Mona Fatin Syazwanee, M.G., Nurul Shaziera, A.G., Nur Ain lzzati, M.Z., Nor
Azwady, A.A. and Muskhazli, M. (2018). Improvement of
delignification, desilication and cellulosic content availability in
paddy straw via physico-chemical pretreatments. Annual Research
& Review in Biology, 26 (6), 1-11. doi: 10.9734/ARRB/2018/40947

Mona Fatin Syazwanee, M.G., Nur Ain lzzati, M.Z., Nor Azwady, A.A. and
Muskhazli, M. Screening of lignocellulolytic fungi for hydrolyzation of
lignocellulosic materials in paddy straw for bioethanol production.
Malaysian Journal of Microbiology, 15 (4), pp. Xxx-xxx. doi:
http://dx.doi.org/10.21161/mjm.180250

135



UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT

ACADEMIC SESSION : SECOND SEMESTER 2018/2019

TITLE OF THESIS / PROJECT REPORT :

CONVERSION OF PADDY STRAW TO BIOETHANOL THROUGH CONSOLIDATED
BIOPROCESSING USING LIGNOCELLULOLYTIC FUNGI

NAME OF STUDENT : _MONA FATIN SYAZWANEE BINTI MOHAMED GHAZALI

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be placed at
the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes
only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (/)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

JU0

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the
organization/institution with period and reasons for confidentially or restricted. ]



	THESIS B5 format
	Full thesis Mona Fatin - correction in B5 2nd edit
	Blank Page
	CHAPTER 2
	LC
	APPENDICES
	Appendix D



