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ABSTRACT

Oil palm trunk (OPT) has never been used as a substrate in simultaneous
saccharification and fermentation (SSF) for lactic acid production due to the
existence of lignin in lignocellulose which makes biomass difficult to be hydrolyzed
by enzymes and microbes. Hence, when used as substrate, effective pretreatment
method is necessary so as to release the cellulose from complex crystalline structure.
Production of lactic acid via SSF required compromising circumstances as microbe
and enzyme perform best at different operating conditions. Present study
demonstrated the production of lactic acid from microwave-alkali (Mw-A) pretreated
OPT biomass by using cellulase, 1,4-B-D-glucosidase and Rhizopus oryzae NRRL
395 through SSF process. The OPT biomass was treated using three different
pretreatment methods: Mw-A, steam-alkali-chemical (SAC) and Mw-A + SAC
techniques. Variations on physical and chemical constituents on OPT were analyzed.
After pretreatment, results revealed higher amount of cellulose (g/100g biomass)
was obtained for Mw-A sample, 71.88 as compared to Mw-A +SAC, 56.50 and
SAC, 42.70. The 72 h enzymatic saccharification revealed that accumulated glucose
amount (Mw-A sample) was 4.86-fold as compared to untreated substrate. The
values of enzyme kinetics parameters: Lineweaver-Burk method (K,,,=3.682 g.L™1,
Vinax=4.750 g.L 1. min~1) were in close agreement with non-linear regression
(K;,=3.422 g. L™, V,0,=4.710 g.L 1. min"1), obeying Michaelis-Menten model.
Experimental design on SSF was performed by response surface methodology
(RSM) using face centered central composite design. The influence of three
independent variables: temperature (32-42 °C), pH (4-6) and enzyme ratio (3:1-7:1)
on lactic acid production were investigated. When temperature, pH and enzyme ratio
were set to 36.11 °C, 4.56 and 5:1; experimental value was in good agreement with
RSM model prediction where lactic acid production at 6.632 + 0.032 g.L™! was
achieved. By performing Mw-A pretreatment; treated OPT substrate was easy to be
utilized in SSF process for the production of lactic acid.
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ABSTRAK

Batang kelapa sawit (OPT) belum pernah digunakan sebagai substrat dalam
fermentasi dan pensakaridaan serentak (SSF) untuk penghasilan asik laktik
disebabkan kewujudan komponen lignin dalam lignoselulosa yang mengakibatkan
biojisim sukar untuk dihidrolisiskan oleh enzim dan mikrob. Oleh itu apabila
digunakan sebagai substrat, kaedah prarawatan yang berkesan diperlukan untuk
membebaskan selulosa daripada struktur kompleks kristal. Penghasilan asid laktik
melalui proses SSF memerlukan keadaan kompromi kerana mikrob dan enzim
selulolitik bertindakbalas baik pada keadaan operasi yang berbeza. Kajian ini
menunjukkan penghasilan asid laktik daripada biomas OPT terawat oleh
mikrogelombang-alkali (Mw-A) dengan menggunakan selulase, 1,4-B-D-glukosidase
dan Rhizopus oryzae NRRL 395 melalui proses SSF. Biomas OPT telah dirawat
dengan tiga prarawatan berbeza: teknik Mw-A, stim-alkali-kimia (SAC) dan Mw-A
+ SAC. Variasi juzuk fizikal dan kimia pada OPT terawat telah dianalisa. Selepas
prarawatan, keputusan menunjukkan jumlah selulosa yang tinggi (g/100g biomass)
diperoleh dalam sampel Mw-A, 71.88 berbanding dengan Mw-A + SAC, 56.50 dan
SAC, 42.70. Pensakaridaan enzim selama 72 jam mendedahkan bahawa
pengumpulan glukosa (sampel Mw-A) adalah 4.86 kali ganda berbanding dengan
substrat mentah. Nilai-nilai parameter kinetik enzim: kaedah Lineweaver-Burk
(K,,=3.682 g.L™1, Vax=4.750 g.L 1. min~1') adalah rapat dengan nilai regresi
bukan linear (K,,,=3.422 g.L™Y, Vax=4.710 g.L 1. min"1), mematuhi model
Michaelis-Menten. Eksperimen ke atas SSF telah dilakukan dengan menggunakan
kaedah gerak balas permukaan (RSM) berpusat muka reka bentuk komposit.
Pengaruh terhadap tiga pembolehubah bebas: suhu (3242 °C), pH (4-6) dan nisbah
enzim (3:1-7:1) untuk pengeluaran asid laktik telah dikaji. Apabila suhu, pH dan
nisbah enzim ditetapkan pada 36.11 °C, 4.56 and 5:1; nilai eksperimen yang
diperoleh berada dalam persetujuan yang baik dengan ramalan dari model RSM di
mana pengeluaran asid laktik adalah 6.632 + 0.032 g.L™!. Dengan melakukan
prarawatan Mw-A, substrat OPT terawat lebih mudah digunakan dalam proses SSF
bagi penghasilan asid laktik.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Malaysia, the second world’s largest palm oil industry tycoon possesses an
oil palm plantation up to 5.076 million hectares (MPOB, 2012). Each year, there is
an abundance of agricultural waste derived from palm oil industry. The major types
of these lingocellulosic residues are palm kernel shells (PKS), oil palm empty fruit
bunch (OPEFB) obtained from the mills, oil palm frond (OPF) obtained during
routine pruning and oil palm trunk (OPT) derived from the field when the replanting

is required.

The oil palm solid biomass wastes contributed to a total amount of 59 million
tons annually (Chen and Danapal, 2012). These amounts are significant enough to
consider the oil palm biomass residues as a complementary source of raw material in
the production of bioethanol and other biochemical derived products, such as lactic
acid. Figure 1.1 demonstrates the total projected biomass residue in Malaysia.

Converting these tremendous agricultural residues into higher value added
products would benefit the nation economy. This is because oil palm biomass
behaves like other lignocellulosic biomaterial which mainly consists of cellulose,
hemicellulose and lignin. The cellulose and hemicellulose compounds are primarily
made up of polymeric blocks consisting of hexose and pentose sugars entrenched in

the phenolic polymer lignin matrix (Mass et al., 2006).
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Figure 1.1 Total projected annual biomass availability in Malaysia (million tons, wet
weight) (Tang, 2014)

The natural existing of pentose and hexose sugars in lignocellulose has made

this waste residue, a beneficial substrate for a wide application particularly in

fermentation industry. Therefore, the huge oil palm residue in Malaysia should be

utilized efficiently. Table 1.1 illustrates the Malaysia scenario of oil palm biomass

residue which includes oil palm trunk, oil palm frond and oil palm empty fruit bunch
supplied from 2001 to 2014 and the forecasted supply for year 2015 to 2020.

Table 1.1: Malaysia scenario of oil palm biomass waste supply from 2001 to 2020

Year
Biomass 2001- 2004- 2007- 2011- 2014- 2017-
waste 2003 2006 2010 2013 2016* 2020*
(tones per
year, dry
weight)
Oil  palm
trunk 3,993,442 4,020,852 3,234,164 4,283,082 3,583,803 2,971,934
Oil  palm
frond 7,412,074 7,025,525 6,890,233 6,803,260 7,044,853 7,141,490
Empty fruit
bunch 2,870,148 2,860,194 2,823,695 2,830,311 2,906,647 2,863,512

* Projection (Fazlena, 2012)



The large quantity of the palm oil wastes causes a disposable problem, as the
bulk density need to be stored or processed before discharging. The environmental
health risk such as dengue fever can also occur because farmers tend to leave the cut
oil palm residues in the plantation site. In most cases, they are burnt; however the
open burning of bulk quantity of palm oil wastes is prohibited and banned by
government and environmentalists as this may create serious air-pollution (Ethaya,
2010).

In order to make use of oil palm biomass, one of the promising technologies
Is to convert this abundance and renewable biomass to sugar monomers using
enzymes. This is then followed by microbes to convert the fermentable sugars into
desired products. Meanwhile, the processing of lignocellulosic biomass into useful
bioproducts would require a few steps. First, it usually involves the pretreatment of
lignocellulosic biomass followed by enzymatic saccarification. The third step is
normally the fermentation process and finally the product isolated from the

fermentation broth.

Numerous pretreatment methods have been developed since 1970s to pretreat
the recalcitrant lignocellulosic biomass. The apparent objectives of pretreatment are:
I) to alter the structure of lignocellulose so as to make cellulose more accessible to
enzymes that convert the carbohydrate polymers into fermentable sugars
(monosaccharide) and ii) to break the lignin seal and disrupt the crystalline structure
of cellulose (Ewanick, 2010). The destruction of cell wall has led to the loosening of
the lignocellulosic complex and eventually resulted in lesser lignin and hemicellulose
but increase released of cellulose in treated sample. The pretreated biomass would

aid in enzymatic saccharification latter.

Nowadays, none of the pretreatment protocol is universal and economically
viable to pretreat different cellulosic biomass. Therefore, the proper pretreatment
methods should be identified in order to maximize the efficiency of cellulose
recovery (released from lignocellulosic structure). The most popular used protocol
such as hydrothermal, thermochemical, solvent fractionation, dilute and concentrated

acid or alkali treatment, enzymatic hydrolysis and biological treatment have recently



been investigated in-depth by research scientists. The pretreated solid biomass is then
used directly in the fermentation process as a carbon source to achieve the bioprocess
economic. Nowadays, the interest in lignocellulosic biomass has drawn a great
attention. From the scientific point of view, the lignocellulose could be used to
replace the expensive refined carbon source due to its abundance, cheap and
renewable character (Zheng et al., 2009). Thus, application of the biomass waste as a
raw material in chemical process has become a new challenge to the researcher in

industrial sector.

Lately, with the state-of-the-art biotechnology technique, there is a growing
trend in conversion of lignocellulosic biomass into value added products such as
single cell protein, bioethanol, xylitol, organic acid (such as poly-lactic acid) and etc.
Figure 1.2 displays the potential products that can be generally produced from
lignocellulosic biomass. Table 1.2 tabulates the compositions of cellulose,
hemicellulose and lignin in the different parts of oil palm tree by different
researchers. According to Table 1.2, highest cellulose content was found in OPT;
thus bioconversion of OPT into high market demand product such as lactic acid is

attractive.

Recently, scientists have attempted to synthesize lactic acid from various
wood based or lignocellulosic feedstock in order to replace the expensive pure sugar
as a result of the increased demand of the lactic acid in the world market. The global
demand for lactic acid was 800,000 tons in 2013 (NARA, 2013). Generally, lactic
acid could be produced via fermentation route by using either bacteria or fungus
strain. The production of lactic acid from cellulosic materials as reported using
various sources such as wheat straw (Saito et al., 2012), corncob (Shen and Xia,
2006), corn stover (Garrett et al., 2015) and oil palm empty fruit bunch (Hamzah et
al., 2009), respectively. Therefore, the objective of this research is to utilize the OPT

biomass efficiently for the conversion of cellulose into lactic acid.
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Figure 1.2 Products synthesis from lignocellulosic biomass

Table 1.2: Chemical compositions in oil palm biomass (%)

Part of plants  Cellulose Hemicellulose Lignin  Reference

Oil palm empty

fruit bunch

(OPEFB) 44.2 335 20.4 Astimar et al. (2002)
43.8 35.0 16.4 Hamzah et al. (2011)
43.7 28.6 16.2 Aanifah et al. (2014)
40.4 20.2 23.1 Zakaria et al. (2015)

Oil palm frond

(OPF) 32.7 225 15.2 Zakaria et al. (2015)
25.1 24.1 18.5 Tan et al. (2011)

Oil palm trunk

(OPT) 47.5 31.0 18.4 Chin et al. (2010)

Note: Minor components are not listed there, these numbers do not sum to 100 %




1.2 Lactic Acid Production

In general, lactic acid could be produced by conventional fermentation
processes which include a few stages where the starchy material usually undergoes
the gelatinization and liquefaction pretreatment at high temperature (90 — 130 °C) for
a short duration (15 min). It is then followed by enzymatic saccharification which
mainly produces monosaccharide, i.e. glucose which is then consumed by particular
microbes to produce lactic acid, cell mass and carbon dioxide formation. This type of
fermentation path is called separate hydrolysis and fermentation (SHF). Figure 1.3
illustrates the conventional SHF and simultaneous saccharification and fermentation

(SSF) approaches for lactic acid production.

(1) Pretreatment (2) Saccharification

Lignocellulose Oligosaccharide —————>| Glucose

Simultaneous
Saccharification
Fermentation (SSF)

(3) Separate
and Fermentation (SHF)

Hydrolysis

Figure 1.3 Different fermentation approaches for lactic acid production

The involvement of several SHF steps makes the fermentation of lactic acid
production unattractive and uneconomically viable (Huang et al., 2005). This may be
attributed to high energy consumption as two separate stages are involved and
eventually add-on to the production cost. In contrast, the SSF process as shown in
Figure 1.3 is able to initiate the fermentation process with the introduction of
enzymes and microbes simultaneously in a single step. The SSF has been attracting
much attention recently as it is envisaged to save time, cost of production, low

contamination risk, reduce the number of reactor vessels and reactor volumes.



Furthermore, the SSF process can increase the productivity by eliminating the
inhibition effect caused by glucose accumulation (Satriyo et al., 2014). Recently,
Zhang et al. (2015) has reported that higher L-(+)-lactic acid titer (60.3 g.L™1) was
obtained in SSF process from corncob waste residue. The finding shows that the
yield of lactic acid in SSF is 43.6 % higher than in SHF.

The lactic acid could be produced by either bacteria or fungus strain.
Generally, the bacteria from Lactobacillus and Lactococcus exhibit fast growing rate
and high product yield. Current industrial production of lactic acid uses homolactic
acid bacteria, culture in enriched media with glucose substrate. The supplementation
of adequate nutrient such as yeast extract to culture broth is also essential. This make
the overall of lactic acid production suffer from high raw materials and purification
cost. Although Lactobacillus sp. is able to synthesize lactic acid but the

concentration was relatively low, i.e. 10-30 g. L™ (Park et al., 2004).

Thus, an alternative substitution for lactic acid bacteria has resulted in the use
of fungus species. For example, the Rhizopus oryzae, a fungus strain is known to
produce only the pure L-(+)-form lactic acid, unlike bacteria which generate mix
isomers in either D-(-)- or L(+)-form (Zheng et al., 2009). As reported, the L-(+)-
type lactic acid is an essential component to form the polylactic acid (PLA), which is
a precursor to mass produce the biodegradable plastic (Yin et al., 1997). Another
advantage of using R. oryzae for lactic acid production is the ability to utilize various
carbon sources including pentose and hexose sugars in lignocellulosic biomass and it
requires low nutrient to grow (Skory et al., 1998). Recent studies have revealed that
R. oryzae could produce lactic acid for at least 24 — 60.3 g.L™! in SSF process by
using paper pulp or corncob as a substrate (Vially et al., 2010; Zhang et al., 2015).

Moreover, the ability of self-immobilized character of R. oryzae has enhanced
the rate of mass transfer. As stated by Liao et al. (2007b), the pelletized R. oryzae
has produced lactic acid up to 60 g. L~* as compared to clump morphology, 20 g. L™?
for 30 h fermentation by using pure glucose as a substrate. Besides, the pelletized

morphology also makes the separation process easier during downstream processing.



To best of our knowledge, the lactic acid produced from OPEFB was done by
Hamzah et al. (2009). Limited data has been reported on lactic acid production from
other parts of oil palm such as OPF and OPT. For this reason, the OPT biomass was
selected as a substrate candidate for L-(+)-lactic acid production from Rhizopus

oryzae via simultaneous saccharification and fermentation.

1.3 Problem Statement

The main components of lignocellulosic biomass are composed of cellulose,
hemicellulose and lignin. Among these, lignin is a major obstacle for efficient
cellulosic sugars conversion. The existence of lignin impedes the enzymatic
hydrolysis and affects the sugars yield. This is because lignin acts as a barrier,
shields the cellulose by preventing it binds to enzyme (Henning et al., 2007).
Therefore, in cases when the substrate used is lignocellulose, a suitable pretreatment
method needs to be identified so as to release the cellulose from the complex
crystalline structure before it can be effectively hydrolyzed by enzyme and
microorganisms. In view of this, different pretreatment methods (Mw-A, SAC and
Mw-A +SAC techniques) were used to pretreat OPT so as to determine the most

efficient one.

In SSF process, substrate, enzyme and inoculum are introduced
simultaneously in a same reactor. The SSF outperformed SHF due to its high product
yield and less energy consumption (Vially et al., 2010; Saito et al., 2012; Zhang et
al., 2015). However, the only drawback of using SSF is enzymes and fermentation
organisms perform best at different operating conditions. It is difficult to preset the
SSF conditions since saccharification and fermentation required different settings of
pH and temperature. For instance, lower pH < 5 and high temperature > 40 °C would
promote enzymatic hydrolysis but show adverse effect on the lactic acid production
and fungal cell growth in SSF process (Huang et al., 2005). This leads to low product

yield at the end of fermentation.



On this account, the compromising circumstance between enzyme and
microbe use in SSF process must be pre-determined in order for maximize product
yield. In order to overcome this, current study employed the response surface
methodology (RSM) to identify the best SSF conditions for optimum lactic acid
production. By analyzing the RSM results, the concession SSF conditions for
optimizing lactic acid production in between producer, enzymes and those tested

parameters were established.

1.4 Objectives and Scopes of Study

The main aim of this study is to produce L-(+)-lactic acid from microwave-
alkali pretreated OPT biomass via SSF route using cellulase, 1,4-B-D-glucosidase
and Rhizopus oryzae NRRL 395. In order to ensure its achievement, the objectives

include the following.

1)  To investigate the suitable pretreatment methods for OPT.

2) To perform enzymatic saccharification study so as to determine the

effectiveness of glucose formation.

3)  To produce L-(+)-lactic acid from OPT biomass.

4)  To determine the optimum conditions for lactic acid fermentation using
response surface methodology (RSM) method.

The scopes of the study are within the following.

1)  The influence of three different types of pretreatment protocol: i) microwave-
alkali, Mw-A; ii) steam-alkali-chemical, SAC and iii) combination of
microwave-alkali followed by steam-alkali-chemical, Mw-A + SAC techniques
on compositional contents of OPT biomass were studied. The morphological
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tests such as FESEM, FT-IR and XRD analyses of pretreated OPT samples
were thoroughly investigated. Finally, the crystallinity index relates to
crystalline and amorphous region of cellulose for all pretreated OPT were also

examined.

The effectiveness of soluble glucose formation from Mw-A OPT substrate with
various physiological effects: pH, temperature, enzyme ratio and substrate
mass were determined. The pre-selected best conditions were used to rerun
enzymatic saccharification reaction for all treated and raw OPT substrate so as

to evaluate the comparatively glucose formation.

The enzyme kinetics parameters, K,, and V;,,, on single saccharification of
Mw-A OPT substrate were estimated using linearized and non-linearized
regression. The enzymatic saccharification on Mw-A treated OPT was fitted
into Michaelis-Menten model. The Chrastil kinetics equation was employed to

understand the effect of structural alternation on Mw-A OPT substrate.

The pelletized Rhizopus oryzae NRRL 395 was used in L-(+)-lactic acid
production via SSF process. The preliminary study on 96 h of SSF reaction
was performed in order to ensure the R. oryzae is able to consume Mw-A OPT

substrate and produces the target product viz. L-(+)-lactic acid.

The response surface methodology (RSM) was computed based on three
independent variables like temperature, pH and enzyme ratio to optimize the
lactic acid response. All factors were statistically judged using analysis of
variance (ANOVA). The RSM predicted optimal conditions for lactic acid

production was validated by confirmation experiments.

1.5 Significant of Study

The cost for the production of lactic acid via SSF process is very much

dependent on the raw materials. This can be achieved by using readily available low

cost lignocellulose wastes derived from oil palm industry. The utilize of oil palm
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trunk biomass as a substrate in SSF process not only reduce the production cost at
up-stream level but at the same time also tackles the disposal problem. The OPBC
(2012) report revealed that bioconversion of oil palm residue into value added
products would contribute 5 % of today’s Malaysian GDP up to RM 663 billion. If
the oil palm residues can be transformed into lactic acid, this would increase the
profits and competitiveness of this industry. Besides, the use of lignocellulose waste
to produce lactic acid is smarter choice than food-based cellulose as its unwanted

characteristic possesses no compete to any edible food produced.

Current industrial production of lactic acid uses homolactic acid bacteria;
majority uses Lactobacillus sp. through fermentation (Zhang et al., 2015). Also, the
lactic acid generated from bacteria fermentation was in two isomer forms which
required further purification steps to obtain pure L-(+)-lactic acid. Hence, the
alternative is to use fungus strain like Rhizopus orzyae. Reports revealed that lactic
acid produced from R. oryzae mainly used the refined sugar, i.e. glucose as a main
substrate (YYang et al., 1995; Liao et al., 2007a and Wu et al., 2011) as well as some
lignocellulosic biomass such as paper pulp, wheat straw and corncob (Vially et al.,
2010; Saito et al., 2012; Miura et al., 2004). On these accounts, R. oryzae NRRL 395
was fed with Mw-A OPT substrate as a carbon source during SSF process.
Throughout state-of-the-art innovation, this research could contribute primary data
for future investigation particularly for large scale production of commercial
polylactic acid. The new information and idea were developed as compared to

bacterial lactic acid fermentation.

In short, the novelty of present study is to produce L-(+)-type lactic acid from
OPT substrate via SSF process. To the best of our knowledge, industrially lactic acid
production was made using bacteria strains and the substrate used was derived from
food based sources, refined sugars and starchy materials. The present study
demonstrates the utilization of OPT as a substrate to substitute the expensive carbon
source. Also, OPT has no food competing values and can be obtained cheaply from

local oil palm plantation.
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1.6 Organization of Thesis

This thesis is divided into five main chapters. Chapter 1 outlines the research
background regarding the Malaysia oil palm industry, pretreatment protocol and
global lactic acid demand. The lactic acid production using SHF and SSF was also
discussed. Next, the problem statement, objectives and scopes of study, significant of
study and organization of thesis were clearly mentioned.

Chapter 2 is literature review. It provides a thorough study and related works
done by previous researchers on the knowledge, ideas and technologies. The related
topics included lignocellulosic substrate, pretreatment protocols, role of cellulolytic
enzyme, enzyme kinetics and fungus used in lactic acid fermentation as well as the

RSM approach were discussed.

Chapter 3 details the methodology of the study. This chapter described all
materials, enzymes, chemicals and reagents as well as instrumentation used in the
present study. Besides, all the experiment methods were clearly explained in this

section.

Meanwhile the results and discussion section was presented in Chapter 4.
This chapter is sub-divided into four sections: the pretreatment of OPT biomass,
enzymatic saccharification study, enzyme kinetics and lactic acid production via SSF
path. All obtained results include tables and figures were elaborated in-depth.

The final chapter provides the summary and conclusion of the whole study. It
also includes the recommendations for future work. Figure 1.4 shows the overall

flow of the present study.
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Pretreatments: L-(+)-
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Figure 1.4 Flowchart of the overall process in present study



REFERENCES

Aanifah, F. J. M., Phang, L. Y., Wasoh, H. and Aziz, S. A. (2014). Effect of
Different Alkaline Treatment on The Release of Ferulic Acid from Qil Palm
Empty Fruit Bunch Fibres. Journal of Oil Palm Research, 26. 321-331.

Abdel-Rahman, M. A., Tashiro, Y. and Sonomoto, K. (2011). Lactic Acid
Production from Lignocellulose-derived Sugars using Lactic Acid Bacteria:
Overview and Limits. Journal of Biotechnology, 156. 286-301.

Abe, S. I. and Takagi, M. (1991). Simultaneous Saccharification and Fermentation of
Cellulose to Lactic Acid. Biotechnology and Bioengineering, 56. 25-31.

Akhtar, J., Teo, C. L., Lai, L. W., Hassan, N., Idris, A. and Aziz, R. A. (2015).
Factors Affecting Delignification of Oil Palm Empty Fruit Bunch by
Microwave-assisted Dilute acid/alkali Pretreatment. Bioresources, 10(1), 588—
596.

Akin, D. E., Morrison, W. H., Rigsby, L. L., Barton, F. E., Himmelsbach, D. S. and
Hicks, K. B. (2006). Corn Stover Factions and Bioenergy: Chemical
Composition, Structure and Response to Enzyme Pretreatment. Applied
Biochemical Biotechnology, 129. 104 —116.

Amadioha, A. C. (1993). Production of Cellulolytic Enzyme by Rhizopus oryzae in
Culture and Rhizopus Infected Tissue of Potato Tubers. Mycologia, 88. 574 —
578.

Anwar, Z., Gulfraz, M. and Irshad, M. (2014). Agro-industrial Lignocellulosic
Biomass a Key to Unlock The Future Bio-energy: A Brief Review. Journal of
Radiation Research and Applied Sciences, 7. 163-173.

Asgher, M., Igbal, H. M. N. and Asad, M. J. (2012). Kinetic Characterization of
Purified Laccase Produced from Trametes versicolor IBL-04 in Solid State

Bio-processing of Corncobs. BioResources, 7. 1171-1188.



140

Astimar, A. A., Husin, M. and Anis, M. (2002). Preparation of Cellulose from Oil
Palm Empty Fruit Bunches via Ethanol Digestion: Effect of Acid and Alkali
Catalysts. Journal of Oil Palm Research, 14. 9-14.

Bai, D. M., Jia, M. Z., Zhao, X. M., Ban, R., Shen, F., Li, X. G. and Xu, S. M.
(2003). L-lactic Acid Production by Pellet-form Rhizopus oryzae R1021 in a
Stirred Tank Fermentor. Chemical and Engineering Science, 58. 785-791.

Balan, V., da Costa-Sousa L., Chundawat, S. P. S., Vimesh, R., Jones, A. D. and
Dale, B. E. (2008). Mushroom Spent Straw: A Potential Substrate for an
Ethanol-based Biorefinery. Journal of Industrial Microbiology and
Biotechnology, 35. 293-301.

Berlin, A., Gilkes, N., Kilburn, D., Bura, R., Markov, A., Skomarovsky, A., Okunev,
0., Gusakov, A., Maximenko., V., Gregg, D., Sinitsyn, A. and Saddler, J.
(2005). Evaluation of Novel Fungal Cellulase Preparations for Ability to
Hydrolyze Softwood Substrates — Evidence for the Role of Accessory
Enzymes. Enzyme and Microbial Technology, 37. 175-184.

Binod, P., Satyanagalakshmi, K., Sindhu, R., Janu, K. U., Sukumaran, R. K. and
Pandey, A. (2012). Short Duration Microwave Assisted Pretreatment Enhances
the Enzymatic Saccharification and Fermentable Sugar Yield from Sugarcane
Bagasse. Renewable Energy, 37. 109-116.

Biswas, R., Teller, P. J. and Ahring, B. K. (2015). Pretreatment of Forest Residues of
Douglas fir by Wet Explosion for Enhanced Enzymatic Saccharification.
Bioresource Technology, 192. 46-53.

Black, J. G. (1998). Microbiology: Principles and Explorations. (4™ ed.), U.K:
Prentice Hall.

Bommarius, A. S., Katona, A., Cheben, S. E., Patel, A.S., Ragauskas, A.J.,
Knudson, K. and Pu, Y. (2008). Cellulase Kinetics as a Function of Cellulose
Pretreatment. Metabolic Engineering, 10. 370-381.

Borjesson, J., Peterson, R. and Tjerneld, F. (2007). Enhanced Enzymatic Conversion
of Softwood Lignocellulose by Poly(ethylene glycol) Addition. Enzyme
Microbial and Technology, 40. 754-762.

Bradford, M. M. (1976). Rapid and Sensitive Method for the Quantitation of
Microgram Quantities of Protein Utilizing the Principle of Protein-dye
Binding. Analytical Biochemistry, 72. 248-254.


http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0960852415007075
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0960852415007075

141

Brune, A. (1998). Termite Guts: The World’s Smallest Bioreactors. Trends in
Biotechnology, 16.16-21.

Bulut, S., Elibol, M. and Ozer, D. (2004). Effect of the Different Carbon Sources on
L-lactic Acid Production by Rhizopus oryzae. Biochemical Engineering
Journal, 21. 33-37.

Buranov, A. U. and Mazza, G. (2008). Lignin in Straw of Herbaceous Crops.
Industrial Crops and Products, 28. 237-259.

Busto, M. D., Ortega, N. and Perez-Mateos, M. (1996). Location, Kinetics and
Stability of Cellulose Induced in Tricorderma reesei Cultures. Bioresource
Technology, 57. 187 — 192.

Byfield, J. E. and Scherbaum, O. H. (1967). Temperature Effect on Protein Synthesis
in a Heat Synchronized Protozoan Treated with Actinomycin D. Science, 156.
1504-1505.

Carrillo, F., Lis, M. J., Colom, X., Mesas, M. L. and Valldeperas, J. (2005). Effect of
Alkali Pretreatment on Cellulose Hydrolysis of Wheat Straw: Kinetic Study.
Process Biochemistry, 40. 3360-3364.

Carvalho, M. L., Sousa Jr., R., Rodriguez-Zuniga, U. F., Suarez, C. A. G., Rodrigues,
D. S., Giordano, R. C. and Giordano, R. L. C. (2013). Kinetic Study of
Enzymatic Hydrolysis of Sugarcane Bagasse. Brazilian Journal of Chemical
Engineering, 30. 437- 447.

Cingadi, S. Srikanth, K. Arun, E. V. R and Sivaprakasam, S. (2015). Statistical
Optimization of Cassava Fibrous Waste Hydrolysis by Response Surface
Methodology and Use of Hydrolysate Based Media for the Production of
Optically Pure D-lactic Acid. Biochemical Engineering Journal, In Press, Feb.

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, V. and Holtzapple, M. (2000). Fundamental Factors Affecting Biomass
Enzymatic Reactivity. Applied Biochemical Biotechnology, 84(86). 5-37.
Chen, E. and Danapal, G (2012, March 10). Malaysia’s Oil Palm Biomass
Conundrum. Green Prospects Asia. Retrieved January 25, 2013, from
http://www.greenprospectsasia.com/content/malaysia%E2%80%99s-oil-palm-

biomass-conundrum



142

Chen, W. H., Tu, Y. J. and Sheen, H. K. (2010). Impact of Dilute Acid Pretreatment
on the Structure of Bagasse for Bioethanol Production. International Journal of
Energy Research, 34. 265-274.

Chen, W. H., Tu., Y. J. and Sheen, Y. J. (2011). Disruption of Sugarcane Bagasse
Lignocellulosic Structure by means of Dilute Sulfuric Acid Pretreatment with
Microwave-assisted Heating. Applied Energy, 88(8). 2726-2734.

Chen, C., Boldor, D., Aita, G. and Walker, M. (2012). Ethanol Production from
Sorghum by a Microwave-assisted Dilute Ammonia Pretreatment. Bioresource
Technology, 110. 190-197.

Cheng, Y. S., Zheng, Y., Yu, C. W., Dooley, T. M., Jenkins, B. M. and Vander, J. S.
(2010). Evaluation of High Solids Alkaline Pretreatment of Rice Straw.
Applied Biochemistry and Biotechnology, 162. 1768-1784.

Chin, K. L., H’ng, P. S.,, Wong, L. J.,, Tey, B. T. and Paridah, M. T. (2010).
Optimization Study of Ethanolic Fermentation from Oil Palm Trunk,
Rubberwood and Mixed Hardwood Hydrolysates using Saccharomyces
cerevisiae. Bioresource Technology, 101. 3287-3291.

Chotisunbha-Anandha, N., Thitiprasert, S., Tolieng, V. and Thongchul, N. (2011).
Improved Oxygen Transfer and Increased L-lactic Acid Production by
Morphology Control of Rhizopus oryzae in a Static Bed Bioreactor. Bioprocess
and Biosystems Engineering, 34. 163-172.

Chrastil, J. (1988). Enzymic Product Formation Curves with the Normal or Diffusion
Limited Reaction Mechanism and in the Presence of Substrate Receptors.
International Journal of Biochemistry, 20(7). 683-693.

Couri, S., Pinto, G. A. S., de Senna, L. F. and Martelli, H. L. (2003). Influence of
Metal lons on Pellet Morphology and Galacturonase Synthesis by Apergillus
niger 3T5B8. Brazilian Journal of Microbiology. 34, 16-21.

Dale, B. E., Leong, C. K., Pham, T. K., Esquivel, V. M., Rios, I. and Latimer, V. M.
(1995). Hydrolysis of Lignocellulosics at Low Enzyme Levels: Application of
the AFEX Process. Bioresources Technology, 56. 111-116.

Dallas (2014, October 15). Lactic Acid Market and Derivatives 2016 Forecasts
(Global, China) in New Research Report. RnR Market Research. Retrieved
January 25, 2015, from http://www.prnewswire.com/news-releases/lactic-acid-
market-and-derivatives-2016-forecasts-global-china-in-new-research-report-
279286152.html


http://www.sciencedirect.com/science/article/pii/S0960852409017015
http://www.sciencedirect.com/science/article/pii/S0960852409017015
http://www.sciencedirect.com/science/article/pii/S0960852409017015
http://www.sciencedirect.com/science/article/pii/S0960852409017015
http://www.sciencedirect.com/science/journal/09608524

143

Data, R. (1981). Energy Requirement for Lignocellulose Pretreatment Processes.
Process Biochemistry, 16. 16-19.

Dawson, R. M. C., Elliot, D. C., Elliot, W. H. and Jones, K. M. (1986). Data for
Biochemical Research. (3" ed.), U.K.: Oxford Science Publication.

Doran, P. M. (1995). Bioprocess Engineering Principles. London: Academic Press
Ltd.

Ebringerova, A. (2006). Structural Diversity and Application Potential of
Hemicelluloses. Macromolecular Symposia, 232(1). 1-12.

Efremenko, E. N. Spiricheva, O. V., Veremeenka, D. V., Baibak, A.V. and Lozinsky,
V.l. (2006). L-lactic Acid Production using PVA-crogel Entrapped Rhizopus
oryzae Fungus Cells. Journal of chemical technology and Biotechnology, 81(4).
519-522.

Eisenthal, R. and. Cornish-Bowden, A. (1974). The Direct Linear: A New Graphical
Procedure for Estimating Enzyme Kinetic Parameters. Biochemical Journal,
139(3). 721-730.

Esteghlalian, A. R., Svivastava, V., Gilkes, N., Gregg, D. J. and Saddler, J. N.
(2001). An Overview of Factors Influencing the Enzymatic Hydrolysis of
Lignocellulosic Feedstocks. In Himmel, M. E., Baker, W. and Saddler, J. N.
(Ed.) Glycosyl Hydrolases for Biomass Conversion (pp. 100-111). Washington,
D.C: ACS.

Ethaya Rajan Mokanatas (2010, September 6). Use palm oil waste for biomass
projects.  The  Star. Retrieved  September 30, 2012, from
http://thestar.com.my/news/story.asp?file=/2010/9/6/focus/6977019&sec=focus

Ewanick, B. R. (2010). Hydrothermal Pretreatment of Lignocellulosic Biomass. In
Keith, W. (Ed.) Bioalcohol production: Biochemical conversion of
lignocellulosic biomass. (pp. 1-23). Washington: Woodhead.

Fan, L. T., Lee, Y. and Beardmore, D. (1981). The Influence of Major Structural
Features of Cellulose on Rate of Enzymatic Hydrolysis. Biotechnology and
Bioengineering, 23. 419-424.

Fazlena binti Hamzah. (2012). Simultaneous Saccharification and Fermentation of
Microwave-alkali Pretreated Oil Palm Empty Fruit Bunch Fiber for Lactic

Acid Production. Doctor Philosophy. Universiti Teknologi Malaysia, Skudai.



144

Foyle, T., Jennings, L. and Mulcahy, P. (2007). Compositional Analysis of
Lignocellulosic Materials: Evaluation of Methods Used for Sugar Analysis of
Waste Paper and Straw. Bioresource Technology, 98. 3026-3036.

Fujii, M., Mori, J. I., Homma, T. and Taniguchi, M. (1995). Synergy between an
Endoglucanase and Cellobiohydroases from Trichoderma koningii. The
Chemical Engineering Journal and the Biochemical Engineering Journal,
59(3), 315-3109.

Ganguly, R., Dwivedi, P. and Singh, R. P. (2007). Production of Lactic Acid with
Loofa Sponge Immobilized Rhizopus oryzae RBU 2-10. Bioresource
Technology, 98. 1246-1251.

Gadgil, C. J. and Venkatesh, K. V. (1997). Structured Model for Batch Culture
Growth of Lactobacillus bulgaricus. Journal of Chemical Technology and
Biotechnology, 68. 89-93.

Garde, A., Jonsson, G., Schmidt, A. S., Ahring, B. K. (2002). Lactic Acid Production
from Wheat Straw Hemicellulose Hydrolysate by Lactobacillus pentosus and
Lactobacillus brevis. Bioresource Technology, 81. 217-223.

Garrett, B. G., Srinivas K. and Ahring, B. K. (2015). Performance and Stability of
Amberlite™ IRA-67 lon Exchange Resin for Product Extraction and pH
Control during Homolactic Fermentation of Corn Stover Sugars. Biochemical
Engineering Journal, 95. 1-8.

Ghose, T. K. (1987). Measurement of Cellulase Activities. Pure and Applied
Chemistry, 59. 257-268.

Gomez, R., Schanabel, I. and Garrido, J. (1988). Pellet Growth and Citric Acid Yield
of Apergillus niger 110. Enzyme and Microbial Technology, 10. 188-191.
Gomis, D. B., Gutierrez, M. J. M., Alvarez, M. D. G. and Medel, A. S. (1987). High-
Performance Liquid Chromatographic Determination of Major Organic Acids

in Apple Juices and Ciders. Chromatographia, 24. 347-350.

Gonza'lez, G., Lo’pez-Santi'n, J., Caminal, G. and Sola’, C. (1986). Dilute Acid
Hydrolysis of Wheat Straw Hemicellulose at Moderate Temperature: A
Simplified Kinetic Model. Biotechnology and Bioengineering, 28. 288-293.

Goudar, C. T., Harris, S. K., Mclnerney, M. J. and Suflita, J. M. (2004). Progress
Curve Analysis for Enzyme and Microbial Kinetic Reactions using Explicit
Solutions Based on Lambert W function. Journal of Microbiological Methods,
59. 317-326.


http://www.sciencedirect.com/science/journal/09230467
http://www.sciencedirect.com/science/journal/09230467
http://www.sciencedirect.com/science/journal/09230467/59/3
http://link.springer.com/search?facet-creator=%22D.+Blanco+Gomis%22
http://link.springer.com/search?facet-creator=%22M.+J.+Moran+Gutierrez%22
http://link.springer.com/search?facet-creator=%22M.+D.+Gutierrez+Alvarez%22
http://link.springer.com/search?facet-creator=%22A.+Sanz+Medel%22
http://link.springer.com/journal/10337

145

Gowen, A., Abu-Ghannam, N., Frias, J. and Oliveira, J. (2006). Optimisation of
Dehydration and Rehydration Properties of Cooked Chickpeas (Cicer arietinum
L.) Undergoing Microwave—Hot Air Combination Drying. Trends in Food
Science and Technology, 17. 177-183.

Hamzah, F., Idris, A., Rashid, R., and Ming, S. J. (2009). Lactic Acid Production
from Microwave-Alkali Pretreated Empty Fruit Bunches Fibre using Rhizopus
oryzae Pellet. Journal of Applied Sciences, 9(17). 3086-3091

Hamzah, F., Idris, A. and Tan, K. S. (2011). Preliminary Study on Enzymatic
Hydrolysis of Treated Oil Palm Empty Fruits Bunches (EFB) Fibre by using
Combination of Cellulase and B-1,4-glucosidase. Biomass and Bioenergy, 35.
1055-1059.

Heinze, T. and Koschella, A. (2005). Solvents Applied in the Field of Cellulose
Chemistry: A Mini Review. Polimeros, 15. 84-90.

Hendriks, A. T. W. M. and Zeeman, G. (2009). Review: Pretreatments to Enhance
the Digestibility of Lignocellulosic Biomass. Bioresource Technology, 100.
10-18.

Henning, J., Jan, B. K. and Claus, F. (2007). Review: Enzymatic Conversion of
Lignocellulose into Fermentable Sugars: Challenges and Opportunities.
Biofuels, Bioproducts and Biorefinery, 1. 119-134.

Hu, Z. H. and Wen, Z. Y. (2008). Enhancing Enzymatic Digestibility of Switchgrass
by Microwave-Assisted Alkali Pre-treatment. Biochemical Engineering
Journal, 38. 369-378.

Huang, L. P., Jin, B., and Zhou, J. (2005). Simultaneous saccharification and
fermentation of potato starch wastewater to lactic acid by Rhizopus oryzae and
Rhizpous arrhizus. Biochemical Engineering Journal 23, 265-267.

Huang, Z., Liang, X., Hu, H., Gao, L., Chen, Y. and Tong, Z. (2009). Influence of
Mechanical Activation on the Graft Copolymerization of Sugarcane Bagasse
and Acrylic Acid. Polymer Degradation and Stability, 94(10). 1737-1745.

Ibrahim, M. F., Abd-Aziz, S., Yusoff, M. E. M., Phang, L. Y. and Hassan, M. A.
(2015). Simultaneous Enzymatic Saccharification and ABE Fermentation
Using pretreated Oil Palm Empty Fruit Bunch as Substrate to produce Butanol
and Hydrogen as Biofuel. Renewable Energy, 77. 447-455.


http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S096014811400874X
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S096014811400874X
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S096014811400874X

146

Imai, M., Ikari, K. and Suzuki, I. (2004). High Performance Hydrolysis of Cellulose
using Mixed Cellulase Species and Ultrasonication Pretreatment. Biochemical
Engineering Journal, 17. 79-83.

Jacobsen, S. E. and Wyman, C. E. (2000). Cellulose and Hemicellulose Hydrolysis
Models for Application to Current and Novel Pre-treatment Processes. Applied
Biochemistry and Biotechnology, 84-86. 81-96.

Jin, B., Huang, L. P. and Lant, P. (2003). Rhizopus arrhizus — A Producer for the
Simultaneous Saccahrification and Fermentation of Starch Waste Materials to
L-lactic Acid. Biotechnology Letters, 25. 1983-1987.

John, R. P., Anisha, G. S., Nampoothiri, K. M. and Pandey, A. (2009). Direct Lactic
Acid Fermentation: Focus on Simultaneous Saccharification and Lactic Acid
Production. Biotechnology Advances, 27. 145-152.

Karimi, K., Emtiazi, G. and Taherzadeh, M. J. (2006). Ethanol Production from
Dilute Acid Pretreated Rice Straw by Simultaneous Saccahrificationa and
Fermentation with Mucor indicus, Rhizopus oryzae and Saccharomyces
cerevisiae. Enzyme and Microbial Technology, 40. 136-144.

Kappe, C. O., Dallinger, D. and Murphree, S. S. (2009). Practical Microwave
Synthesis for Organic Chemists: Strategies, Instruments and Protocols,
Germany: Wiley—VCH.

Kim, J. H., Shoemaker, S. P., Mills, D. A. (2009). Relax Control of Sugar Utilization
in Lactobacillus brevis. Microbiology, 155. 1351-1359.

Kim, M. and Day, D. F. (2011). Composition of Sugar Cane, Energy Cane, and
Sweet Sorghum Suitable for Ethanol Production at Louisiana Sugar Mills.
Journal of Industrial Microbiology and Biotechnology, 38. 803-807.

Kim, S., Park, J. M., Seo, J. W. and Kim, C. H. (2012). Sequential acid-/alkali-
Pretreatment of Empty Palm Fruit Bunch Fiber. Bioresource Technology, 109.
229-233.

Klemm, D., Heublein, B., Fink, H-P. and Bohn, A. (2005). Cellulose: Fascinating
Biopolymer and Sustainable Raw Material. Angewandte Chemie International
Edition, 44(22). 3358-3393.

Kosakai, Y., Park, Y. S. Okabe, M. (1997). Enhancement of L(+)-lactic Acid
Production using Mycelial Flocs of Rhizopus oryzae. Biotechnology and
Bioengineering, 55. 461-470.



147

Kristensen, J. B., Borjesson, J., Bruun, M. H., Tjerneld, F. and Jorgensen, H. (2006).
Use of Surface Active Additives in Enzymatic Hydrolysis of Wheat Straw
Lignocelluloses. Enzyme and Microbial Technology, 40. 888-895.

Lai, L. W., Teo, C. L., Wahidin, S. and Annuar, M. S. M. (2014). Determination of
Enzyme Kinetic Parameters on Sago Starch Hydrolysis by Linearized
Graphical Methods. Malaysian Journal of Analytical Sciences, 18. 527-533.

Lamsal, B., Yoo, J. Brijwani, K. and Alavi, S. (2010). Extrusion as a
Thermomechanical Pretreatment for Lignocellulosic Ethanol. Biomass and
Bioenergy, 34(12). 1703-1710.

Lau Ming Weoi. (2010). A New Paradigm for Cellulosic Ethanol Production from
Ammonia Fiber Expansion (AFEX)-pretreated Biomass. Doctor Philosophy,
Michigan State University, Michigan.

Laser, M., Schulman, D., Allen, S. G., Lichwa, J., Antal, M. J. and Lynd, L. R.
(2002). A Comparison of Liquid Hot Water and Steam Pretreatments of Sugar
Cane Bagasse for Bioconversion to Ethanol. Bioresource Technology, 81. 33—
44,

Leatherbarrow, R. J. (1990). Using Linear and Non-linear Regression to Fit
Biochemical Data. Trends in Biochemical Sciences, 15. 455-458.

Liao, W., Liu, Y. and Chen, S. (2007a). Studying Pellet Formation of a Filamentous
Fungus—Rhizopus oryzae to Enhance Organic Acid Production. Applied
Biochemistry and Biotechnology, 137. 689-701.

Liao, W., Liu, Y., Frear, C. and Chen, S. (2007b). A New Approach of Pellet
Formation of a Filamentous Fungus — Rhizopus oryzae. Bioresource
Technology, 98, 3415-3423.

Lin, Y. and Tanaka, S. (2006). Ethanol Fermentation from Biomass Resources:
Current State and Prospects. Applied Microbiology and Biotechnology, 69.
627-642.

Liu, J. G., Wang, Q. H., Wang, S., Dexun, Z. and Sonomoto, K. (2012). Utilization
of Microwave-NaOH Pretreatment Technology to Improve Performance and L-
lactic Acid Yield from Vinasse. Biosystems Engineering, 112. 6-13.

Liu, T., Miura, S., Yaguchi, M., Arimura, T., Park, E. Y. and Okabe, M. (2006).
Scale up of L-lactic Acid Production by Mutant Strain Rhizopus sp. MK-96-
1196 from 0.003 to 5 m® in Airlift Bioreactors. Journal of Bioscience and

Bioengineering, 101. 9-12.


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LbOyea4AAAAJ&citation_for_view=LbOyea4AAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LbOyea4AAAAJ&citation_for_view=LbOyea4AAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LbOyea4AAAAJ&citation_for_view=LbOyea4AAAAJ:eQOLeE2rZwMC

148

Liu, Y., Liao, W. and Chen, S. (2008). Study of Pellet Formation of Filamentous
Fungi Rhizopus oryzae using Multiple Logistic Regression Model.
Biotechnology and Bioengineering, 99. 117-128.

Lloyd, T. A. and Wyman, C. E. (2005). Combined Sugar Yield for Dilute Sulfuric
Acid Pretreatment of Corn Stover followed by Enzymatic Hydrolysis of the
Remaining Solids. Bioresource Technology, 96. 1967-1977.

Malherbe, S. and Cloete, T. E. (2002). Lignocellulose Biodegradation: Fundamentals
and Applications. Reviews in Environmental Science and Biotechnology, 1.
105-114.

Mantanus, J., Ziémons, E., Lebrun, P., Rozet, E., Klinkenberg, R., Streel, B., Evrard,
B. and Hubert, P. (2009). Moisture Content Determination of Pharmaceutical
Pellets by near Infrared Spectroscopy: Method Development and Validation.
Analytica Chimica Acta, 642.186-192.

Marques, S., Santos, J. A. L., Girio, F. M. and Roseiro, J. C. (2008). Lactic acid
Production from Recycled Paper Sludge by Simultaneous Saccharification and
Fermentation. Biochemical Engineering Journal, 41. 210-216.

Martak, J., Schlosser, S., Sabolova, E., Kristofikova, L. and Rosenberg, M. (2003).
Fermentation of Lactic Acid with Rhizopus arrhizus in a Stirred Tank Reactor
with a Periodical Bleed and Feed Operation. Process Biochemistry, 38. 1573—
1583.

Martin, C. and Thomsen, A. B. (2007). Wet Oxidation Pretreatment of
Lignocellulosic Residue or Sugarcane, Rice, Cassava and Peanuts for Ethanol
Production. Journal Chemical Technology and Biotechnology, 82. 174-181.

Mass, R. H. W., Bakker, R. R., Eggink, G. and Weusthuis, R. A. (2006). Lactic acid
Production from Xylose by the Fungus Rhizopus oryzae. Applied Microbiology
and Biotechnology, 72. 861-868.

McMillan, J. D. (1994). Pretreatment of Lignocelluloic Biomass. In Himmel, M. E.,
Baker, J. O. and Overend, R. P. (Ed.) ACS Symposium Series, 566. 292-324.

Menon, V. and Rao, M. (2012). Trends in Bioconversion of Lignocellulose: Biofuels,
Platform Chemicals & Biorefinery Concept. Progress in Energy and
Combustion Science, 38(4). 522-550.

Millett, M. A., Baker, A. J. and Satter, L. D. (1975). Pretreatments to Enhance
Chemical, Enzymatic, and Microbiological Attack of Cellulosic Materials.

Biotechnology and Bioengineering, 5. 193-219.



149

Mitzutani, C., Sethumadhavan, K., Howley, P. and Bertoniere, N. (2002). Effect of
Nonionic Surfactant on Trichoderma cellulase Treatments of Regenerated
Cellulose and Cotton Yarns. Cellulose, 9. 83-89.

Miura, S., Arimura, T., Itoda, N., Dwiarti, L., Feng, J. B., Bin, C. H. and Okabe, M.
(2004). Production of L-lactiac Acid from Corncob. Journal of Bioscience and
Bioengineering, 97. 153-157.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzapple, M. and
Ladisch, M. (2005). Features of Promising Technologies for Pretreatment of
Lignocellulose Biomass. Bioresource Technology, 96. 673-686.

MPOB (Malaysia Palm Oil Board) (2012). Oil palm planted area. Economic and
Industry Development Division Report. Retrieved July, 2013, from
http://bepi.mpob.gov.my/images/area/2012/Area_summary.pdf

NARA (Northwest Advanced Renewables Alliance) (2013). Producing Lactic Acid
from  Cellulosic  Material.  Retrieved  April 18, 2015, from
http://nararenewables.org/blog/?p=818

Novo-Nordisk (1998). Product Sheet of Novozym® 188, B1088a-GB.p.1-2.

Novo-Nordisk (1999). Product Sheet of Celluclast® 1.5L, B153i-GB.p.1-3.

Oh, H., Wee, Y. J., Yun, J. S., Han, S. H., Jung, S. and Ryu, H. W. (2005). Lactic
Acid Production from Agriculture Resources as Cheap Raw Materials.
Bioresource Technology. 96, 1492-1498.

Okano, K., Tanaka, T., Ogino, C., Fukuda, H. and Kondo, A. (2010).
Biotechnological Production of Enantiomeric Pure Lactic Acid from
Renewable Resources: Recent Achievements, Perspectives, and Limits.
Applied Microbiology and Biotechnology, 85. 413-423.

Olsson, L., and Hahn-Hargerdal, B. (1996). Fermentation of Lignocellulose
Hydrolysates for Ethanol Production. Enzyme and Microbial Technology, 18.
312-331.

OPBC (Oil Palm Biomass Center) (2012). Retrieved March 8, 2013, from
http://www.ibd.utm.my/opbc/index.php

Ortega, N., Busto, M. D., and Mateos, M. P. (2001). Kinetics of Cellulose
Saccharification by  Trichoderma reesei  Cellulase. International

Biodeterioration and Biodegradation, 47. 7-14.



150

Paiva, M. C., Ammar, I., Campos, A. R., Cheikh, R. B and Cunha, A. M. (2007).
Alfa Fibers: Mechanical, Morphological and Interfacial Characteristic.
Composites Science and Technology, 67. 1132-1138.

Palonen Hetti. (2004). Role of Lignin in Enzymatic Hydrolysis of Lignocelluloses.
Doctor Philosophy, University of Helsinki, Finland.

Park, E. Y., Anh, P. N. and Okuda, N. (2004). Bioconversion of Waste Office Paper
to L-(+)-lactic Acid by Filamentous Fungus Rhizopus oryzae in an Air-lift
Bioreactor. Biotechnology Progress, 14. 699-704.

Park, S., Baker, J. O., Himmel, M. E., Parilla, P. A. and Johnson, D. K. (2010).
Cellulose Crystallinity Index: Measurement Techniques and their Impact on
Interpreting Cellulase Performance. Biotechnology for Biofuels, 3(10). 1-10.

Ranaldi, F., Vanni, P. and Giachetti, E. (1999). What Students Must Know About the
Determination of Enzyme Kinetic Parameters. Biochemical Education, 27. 87—
91.

Ranjan, A. and Moholkar, V. S. (2013). Comparative Study of Various Pretreatment
Techniques for Rice Straw Saccharification for the Production of Alcoholic
Biofuels. Fuel, 112, 567-571.

Rivas, B., Moldes, A. B., Dominguez, J. M. and Parajo, J. C. (2004). Lactic Acid
Production from Corn Cob by Simultaneous Saccharification and Fermentation:
a Mathematical Interpretation. Enzyme and Microbial Technology, 34. 627-
634.

Roa, E. C. V., van Gulik, W. M., Marang, L., van der Wielen, L. A. M. and
Straathof, A. J. J. (2011). Development of a Low pH Fermentation Strategy for
Fumaric Acid Production by Rhizopus oryzae. Enzyme and Microbial
Technology, 48. 39-47.

Roch, C. Y. and Hang, Y. D. (1989). Kinetics of Direct Fermentation of Agricultural
Commodities to L-lactic Acid by Rhizopus oryzae. Biotechnology Letters, 11.
597-600.

Rose, J. K. C. and Bennett, A. B. (1999). Cooperative Disassembly of the Cellulose-
Xyloglucan Network of Plant Cell Walls: Parallels between Cell Expansion and
Fruit Ripening. Trends in Plant Science, 4. 176-83.

Rosenberg, M. and Kristofikova, L. (1995). Physiological Restriction of the L-lactic
Acid Production by Rhizopus arrhizus. Acta Biotechnology, 15. 367-374.



151

Ruiz, H. A., Vicente, A. A. and Teixeira, J. A. (2012). Kinetic Modeling of
Enzymatic  Saccharification using Wheat Straw Pretreated under
Autohydrolysis and Organosolv process. Industrial crops and products, 26.
100-107.

Saini, J. K., Anurag, R. K. Arya, R. K. A., Kumbhar, B. K. and Tewar, L. (2013).
Optimization of Saccharification of Sweet Sorghum Bagasse using Response
Surface Methodology. Industrial Crops and Products, 44. 211-219.

Saito, K., Hasa, Y. and Abe. H. (2012). Production of Lactic Acid from Xylose and
Wheat Straw by Rhizopus oryzae. Journal of Bioscience and Bioengineering,
114. 166-169.

Sanchez, C. (2009). Lignocellulosic Residues: Biodegradation and Bioconversion by
Fungi. Biotechnology Advances, 27. 185-194.

Satriyo, K. W., Cici, D., Vita, T. R., Roni, M. and Diah, P. (2014). Optimization of
Cellulose Enzyme in the Simultaneous Saccharification and Fermentation of
Sugarcane Bagasse on the Second-generation Bioethanol Production
Technology. Energy Procedia. 47:268-272.

Schneider, H. and Jeffries, T. W. (1989). Conversion of Pentoses to Ethanol by
Yeasts and Fungi. Critical Reviews in Biotechnology, 9(1), 1-40.

Schugerl, K., Whittler, R. and Lotentz, T. (1983). The use of Molds in Pellets Form.
Tends in Biotechnology, 1. 120-127.

Segal, L., Creely, J. J., Martin, A. E. and Conrad, C. M. (1959). An Empirical
Method for Estimating the Degree of Crystallinity of Native Cellulose using the
X-Ray Diffractometer. Textile Research Journal, 29. 786-794.

Segel, I. H. (1976). Biochemical Calculations: How to Solve Mathematic Problem in
General Biochemistry (2" ed.), USA.: John Wiley and Sons.

Sekkal, M., Dincq, V., Legrand, P. and Huvenne, J. P. (1995). Investigation of the
Glycosidic Linkages in Several Oligosaccharide using FT-IR and FT-Raman
Spectoscopies. Journal of Molecular Structural, 349. 349-352.

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.

Shaharuddin, S. and Muhamad, I. I. (2015). Microencapsulation of Alginate-
Immobilized Bagasse with Lactobacillus rhamnosus NRRL 442: Enhancement

of Survivability and Thermotolerance. Carbohydrate Polymers, 119. 173-181.


http://www.sciencedirect.com/science/article/pii/S0926669012005985
http://www.sciencedirect.com/science/article/pii/S0926669012005985
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0961953414004838
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0961953414004838

152

Shatalov, A. A. and Pereira, H. (2007). Polysaccharide Degradation during Ozone-
based TCF Bleaching of Non-wood Organosolv Pulps. Carbohydrate
Polymers, 67. 275-281.

Shaw Mark Douglas. (2008). Feedstock and Process Variables Influencing Biomass
Densification. Master of Science, University of Saskatchewan, Canada.

Shen, X. and Xia, L. (2006). Lactic Acid Production from Cellulosic Material by
Synergetic Hydrolysis and Fermentation. Applied Biochemistry Biotechnology,
133. 251-262.

Shi, J., Chinn, M. S. and Sharma-Shivappa, R. R. (2008). Microbial Pretreatment of
Cotton Stalks by Solid State Cultivation of Phanerochaete chrysosporium.
Bioresource Technology, 99. 6556-6564.

Shin, D., Yoo, A., Kim, S. W. and Yang, D. R. (2006). Cynernetic Modeling of
Simultaneous Saccarification and Fermentation for Ethanol Production from
Steam-exploded Wood with Brettanomyces custersii. Journal of Microbiology
and Biotechnology, 16. 1355-1361.

Shujun, W., Jinglin, Y., Haixia, C. and Jiping, P. (2007). The Effect of Acid
Hydolysis on Morphological and Crystalline Properties if Rhizoma dioscorea
Starch. Food Hydrocolloids, 21. 1217-1222.

Shuler, M. L. and Kargi, F. (1992). Bioprocess Engineering: Basic Concepts. (2™
ed.), N. J.: Prentice Hall.

Sills, D. L. and Gossett, J. M. (2011). Assessment of Commercial Hemicellulases for
Saccharification of Alkaline Pretreated Perennial Biomass. Bioresource
Technology, 102. 1389-1398.

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, S., Simmons, B. A., and Vogel, K. P. (2009). Visualization of Biomass
Solubilization and Cellulose Regeneration during lonic Liquid Pretreatment of
Switchgrass. Biotechnology and Bioengineering, 104(1), 68-75.

Skory, C. D. (2000). Isolation and Expression of Lactate Dehydrogenase Genes from
Rhizopus oryzae. Applied and Environmental Microbiology, 66(6). 2343-2348.

Skory, C. D., Freer, S. N. and Bothas, R. J. (1998). Production of L-(+)-acid by
Rhizopus oryzae under Oxygen Limiting Conditions. Biotechnology Letters,
20. 191-194.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20X%5BAuthor%5D&cauthor=true&cauthor_uid=16720905
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xia%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16720905

153

Skory, C. D., Hector, R. E., Gorsich, S. W. and Rich, J. O. (2010). Analysis of a
Functional Lactate Permease in the Fungus Rhizopus. Enzyme and Microbial
Technology, 46. 43-50.

Skory, C. D. and Ibrahim, A. S. (2007). Native and Modified Lactate Dehydrogenase
Expression in a Fumaric Acid producing Isolate Rhizopus oryzae 99-880.
Current Genetics, 52. 23-33.

Stalam (2015). Conventional and microwave heating mechanism. Retrieved May 15,
2015, from http://www.stalam.com/en/technologies/direct-vs-indirect-
heating.html

Stenius, P. (2000). Forest Products Chemistry. Papermaking Science and
Technology vol. 3 (Chapter 1). Finland: Fapet OY.

Soccol, C. R., Stonoga, V. L. and Raimbault, M. (1994). Production of L-lactic Acid
by Rhizopus species. World Journal of Microbiology and Biotechnology, 10.
435-443.

Sun, J. X,, Sun, X. F., Sun, R. C., Paul, F. and Mark, S. B. (2003). Inhomogeneities
in the Chemical Structure of Sugarcane Bagasse Lignin. Journal of
Agricultural and Food Chemistry, 51. 6719-6725.

Sun, N., Rahman, M., Qin, Y., Maxim, M. L., Rodriguez, H. and Rogers, R. D.
(2009). Complete Dissolution and Partial Delignification of Wood in the lonic
Liquid 1-ethyl-3-methylimidazolium acetate. Green Chemistry, 11. 646-655.

Sun, Y. and Chen, H. (2008). Organosolv Pretreatment by Crude Glycerol from
Oleochemicals Industry for Enzymatic Hydrolysis of Wheat Straw.
Bioresource Technology, 99. 5474-5479.

Suzana binti Wahidin (2005). Identification of important factors that influence the
production of lactic acid fermentation by immobilized Lactobacillus
delbrueckii using waste as substrate. Master of Bioprocess Engineering.
Universiti Teknologi Malaysia, Skudai.

Taherzadeh, M. J., Fox, M., Hjorth, H. and Edebo, L. (2003). Production of
Mycelium Biomass and Ethanol from Paper Pulp Sulphite Liquor by Rhizopus
oryzae. Bioresource Technology, 88. 167-177.

Taherzadeh, M. J. and Karimi, K. (2008). Pretreatment of Lignocellulosic Wastes to
Improve Ethanol and Biogas Production. A Review. International Journal of
Molecular Sciences. 9, 1621-1651.



154

Takagi, M. (1984). Inhibition of Cellulase by Fermentation Products. Biotechnology
and Bioengineering, 26. 797-803.

Tan, H. T., Lee, K. T. and Mohamed, A. R. (2011). Pretreatment of Lignocellulosic
Palm Biomass using a Solvent—lonic Liquid [BMIM]CI for Glucose Recovery:
An Optimization Study using Response Surface Methodology. Carbohydrate
Polymers, 83. 1862-1868.

Tang, K. M. (2014). Towards Environmental and Economic Sustainability in
Malaysia via Biomass Industry. Annual Biomass Asia Conference. 13-14
February. Busan, South Korea.

Tanaka, T., Hoshine, M., Tanabe, S., Sakai, K., Ohtsubo, S. and Taniguchi, M.
(2006). Production of D-lactic Acid from Defatted Rice Bran by Simultaneous
Saccharificationa and Fermentation. Bioresource Technology, 97. 211-217.

TAPPI (Technical Association of the Pulp and Paper Industry). (1997). Solvent
extractives in wood and pulp, T 204 cm-97. USA: TAPPI.

TAPPI (Technical Association of the Pulp and Paper Industry). (2002). Acid
Insoluble Lignin in Wood and Pulp, T 222 om-02. USA: TAPPI.

TAPPI (Technical Association of the Pulp and Paper Industry). (2009). Alpha-,
Beta- and Gamma-cellulose in Pulp, T 203 cm-09. USA: TAPPI.

Tay, A. and Yang, S. T. (2002). Production of L-(+)-lactic Acid from Glucose and
Starch by Immobilized Cells of Rhizopus oryzae in a Rotating Fibrous Bed
Bioreactor. Biotechnology and Bioengineering, 80. 1-12.

Teramoto, Y., Lee, S-H. and Endo, T. (2009). Cost Reduction and Feedstock
Diversity for Sulfuric Acid-free Ethanol Cooking of Lignocellulosic Biomass
as a Pretreatment to Enzymatic Saccharification. Bioresource Technology, 100.
4783-4789.

Thongchul, N., Navankasattusas, S. and Yang, S. T. (2010). Production of Lactic
Acid and Ethanol by Rhizopus oryzae Integrated with Cassava Pulp
Hydrolysis. Bioprocess and Biosystems Engineering, 33. 407-416.

Tunga, R., Banerjee, R. and Bhattacharya, B. C. (1999). Some Studies on
Optimization of Extraction Process for Protease Production in SSF. Bioprocess
Engineering, 20. 485-4809.

Tutt, M., Kikas, T. Kahr, H., Pointner, M. Kuttner, P. and Olt, J. (2014). Using
Steam Explosion Pretreatment Method for Bioethanol Production from
Floodplain Meadow Hay. Agronomy Research, 12(2). 417-424.


http://www.sciencedirect.com/science/article/pii/S0144861710008659
http://www.sciencedirect.com/science/article/pii/S0144861710008659
http://www.sciencedirect.com/science/article/pii/S0144861710008659
http://www.sciencedirect.com/science/journal/01448617
http://www.sciencedirect.com/science/journal/01448617

155

van Walsun, G. P., Gracia-Gril, M., Chen, S. F. and Chambliss, K. (2007). Effect of
Dissolved Carbon Dioxide on Accumulation of Organic Acids in Liquid Hot
Water Pretreated Biomass Hydrolyzates. Applied Biochemical Biotechnology,
136(160). 301-311.

Venkatesh, K. V. (1997). Simultaneous Saccharification and Fermentation of
Cellulose to Lactic Acid. Bioresource Technology, 62. 91-98.

Vially, G., Marchal, R. and Guilbert, N. (2010). L-(+)-lactate Production from
Carbohydrates and Lignocellulosic Materials by Rhizopus oryzae UMIP4.77.
World Journal of Microbiology and Biotechnology, 26. 607-614.

Wang, C. W., Lu, Z. and Tsao, G. T. (1995). Lactic Acid Production by Pellet-form
Rhizopus oryzae in Submerged System. Applied Bioechemical and
Biotechnology, 51(52). 57-71.

Wang, S., Yu, J., Yu, J., Chen, H. and Pang, J. (2007). The Effect of Acid
Hydrolysis on Morphological and Crystalline Properties of Rhizoma dioscorea
Starch. Food Hydrocolloids, 21. 1217-1222.

Wang, X., Sun, L. Wei, D. and Wang, R. (2005). Reducing by Product Formation in
L-lactic Acid Fermentation by Rhizopus oryzae. Journal of Industry
Microbiology and Biotechnology, 32. 38—40.

Wang, H., Gurau, G. and Rogers, R. D. (2012). Critical Review: lonic Liquid
Processing of Cellulose. Chemical Society Review. 41(4), 1519-1537.

Wee, L. L., Annuar, M. S. M., Ibrahim, S. and Chisti, Y. (2011). Enzyme-mediated
Production of Sugars from Sago Starch: Statistical Process Optimization.
Chemical Engineering Communications, 198(11). 1339-1353.

Wong, Y. C., Tan, Y. P, Taufig-Yap, Y. H. and Ramli, I. (2015). An Optimization
Study for Transesterification of Palm Oil using Response Surface Methodology
(RSM). Sains Malaysiana, 44(2). 281-290.

Wu, X., Jiang, S., Liu, M., Pan, L. Zheng, Z., Luo, S. (2011). Production of L-lactic
Acid by Rhizopus oryzae using Semicontinuous Fermentation in Bioreactor.
Journal of Industrial Microbiology and Biotechnology, 38. 565-571.

Xu, G. Q., Chu, J., Zhuang, Y. P., Zhang, S. L., Peng, H. Q. and Qiu, H. Q. (2007a).
Effect of Different Neutralizers on L(+)-lactic Acid Fermentation. Industrial

Microbiology, 37. Abstract.



156

Xu, H., Yu, G., Mu, X., Zhang, C., DeRoussel, P., Liu, C., Li, B. and Wang, H.
(2015). Effect and Characterization of Sodium Lignosulfonate on Alkali
Pretreatment for Enhancing Enzymatic Saccharification of Corn Stover.
Industrial Crops and Products, 76. 638-646.

Xu, N., Zhang, W., Ren, S., Liu, F., Zhao, C., Liao, H., Xu, Z., Huang, J., Li, Q., Tu,
Y., Yu, B., Wang, Y., Jiang, J., Qin, J. and Peng, L. (2012). Hemicelluloses
Negatively Affect Lignocellulose Crystallinity for High Biomass Digestibility
under NaOH and H,SO, Pretreatments in Miscanthus. Biotechnology and
Biofuels, 5(58). 1-12.

Xu, Z., Wang, Q., Jiang, Z. H., Yang, X. X. and Ji, Y. Z. (2007b). Enzymatic
Hydrolysis of Pretreated Soybean Straw. Biomass and Bioenergy, 31. 162-167.

Yang, B., and Wyman, C. (2008). Pre-treatment: The Key to Unlocking Low-cost
Cellulosic Ethanol. Biofuels, Bioproducts and Biorefining, 2. 26—40.

Yang, C. Y., Lu, Z. C. and Tsao, G. T. (1995). Lactic Acid Production by Pellet-form
Rhizopus oryzae in a Submerged System. Applied Biochemistry and
Biotechnology, 51/52. 57-71.

Yang. J., Lee, P. J., di Gioia, A. D. (2007). Fast HPLC Analysis of Fermentation
Ethanol Processes. Waters Application Notes. Retrieved April 18, 2014, from
http://www.waters.com/waters/library.htm?locale=en_MY &lid=1512671&cid
=511436

Yin P, M., Nishina N, Kosakai Y, Yahiro K, Park, Y. and Okabe M. (1997)
Enhanced production of L(+)-lactic Acid from Corn Starch in a Culture of
Rhizopus oryzae using an Air-lift Bioreactor. Journal of Fermentation and
Bioengineering, 84. 249-253.

Yin, P. M., Yahiro, K., Ishigaki, T., Park, Y. and Okabe, M. (1998). L(+)-lactic Acid
Production by Repeated Batch Culture of Rhizopus oryzae in Air-lift
Bioreactor. Journal of Fermentation and Bioengineering, 85. 96-100.

Zakaria, M. R., Hirata, S. and Hassan, M. A. (2015). Hydrothermal Pretreatment
Enhanced Enzymatic Hydrolysis and Glucose Production from Oil Palm
Biomass. Bioresource Technology, 176. 142-148.

Zhang, Y. H. P, Ding, S. Y., Mielenz, J. R, Cui, J. B, Elander, R. T., Laser, M,
Himmel, M. E., McMillan, J. R. and Lynd, L. R. (2007a). Fractionation
Recalcitrant Lignocelluloses at Modest Reaction Conditions. Biotechnology
and Bioengineering, 97. 214-223.


http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0926669015302818
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0926669015302818

157

Zhang, Z. Y., Jin, B. and Kelly, J. M. (2007b). Production of Lactic Acid from
Renewable Materials by Rhizopus Fungi. Biochemical Engineering Journal,
35. 251-263.

Zhang, Z. Y., Jin, B. and Kelly, J. M. (2007c). Production of Lactic Acid and By-
products from waste Potato Starch by Rhizopus arrhizus: Role of Nitrogen
Sources. World Journal of Microbiology and Biotechnology 23, 229-236.

Zhang, L., Li, X., Yong, Q., Yang S.T. Quyang, J. and Yu, S. (2015). Simultaneous
Saccharification and Fermentation of Xylo-oligosaccharides Manufacturing
Waste Residue for L-lactic Acid Production by Rhizopus oryzae. Biochemical
Engineering Journal, 94. 92-99.

Zhang, Z., O’Haraa, I. M. and Dohertyb, W. O. S. (2013). Effects of pH on
Pretreatment of Sugarcane Bagasse using Aqueous Imidazolium lonic Liquids.
Green Chemistry, 15. 431-438.

Zheng, Y., Pan, Z. and Zhang, R. (2009). Overview of Biomass Pretreatment for
Cellulosic Ethanol Production. International Journal of Agricultural and
Biological Engineering, 2(3). 51-68.

Zhou, W., Schuttler, H. B, Hao, Z. and Xu, Y. (2009). Cellulose Hydrolysis in
Evolving Substrate Morphologies [I: General Modeling Formalism.
Biotechnology and Bioengineering, 104. 261-274.

Zhou, Y., Dominguez, J. M., Cao, N., Du, J. and Tsao, G. T. (1999). Optimization of
L-lactic Acid Production from Glucose by Rhizopus oryzae ATCC 52311.
Applied Biochemical and Biotechnology, 77—79. 401-407.

Zhou, Y., Du, J. and Tsao, G. T. (2000). Mycelia Pellet Formation by Rhizopus
oryzae ATCC 20344. Applied Biochemical and Biotechnology, 84. 779-7809.

Zhu, S., Wu, Y., Yu, Z., Liao, J. and Zhang, Y. (2005). Pretreatment by
Microwave/alkali of Rice Straw and its Enzymic Hydrolysis. Process
Biochemistry, 40(9). 3082—-3086.



	LaiLongWee2015_LacticAcidProductionfromMicrowaveAlkaliABS
	LaiLongWee2015_LacticAcidProductionfromMicrowaveAlkaliTOC
	LaiLongWee2015_LacticAcidProductionfromMicrowaveAlkaliCHAP1
	LaiLongWee2015_LacticAcidProductionfromMicrowaveAlkaliREF



