COPYRIGHTINTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

BIOHYDROGEN PRODUCTION BY DARK
FERMENTATION OF ACID HYDROLYZED SAGO
WASTEWATER USING Enterobacter aerogenes

BY

TAMI ASTIE ULHIZA

A thesis submitted in fulfilment of the requirement for the
degree of Master of Science (Biotechnology Engineering)

Kulliyyah of Engineering
International Islamic University Malaysia

APRIL 2018


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

As the global fuel hike is inevitable, it is essential to find other options which can
substitute fossil fuel. Hydrogen appears as the promising energy alternative which not
only meets the demand of energy but also results in the clean environment. However,
the current production of hydrogen is releasing much energy and pollution. Therefore,
biological approach to produce hydrogen by using microorganism and waste becomes
prominent. In the development of biohydrogen research, there is still limited number of
records on utilizing sago wastewater as a source of energy. Thus, the main aim of this
study is to produce biohydrogen from sago wastewater using Enterobacter aerogenes
(E. aerogenes). In this lab scale study, several sequential methods were used in
evaluating the optimization process which was included in the research objectives.
Firstly, 10 physico-chemical factors (sago wastewater concentration, temperature, pH,
inoculum size, malt extract, yeast extract, iron, magnesium, copper, and nitrogen
sparging) affecting biohydrogen production was selected in the Plackett-Burman
design. Secondly, the factors were optimized using OFAT method followed by FCCCD
under RSM. Thirdly, the kinetics parameters of E. aerogenes cell growth, substrate
uptake, and biohydrogen production were determined. It was found that early screening
using Plackett-Burman design, yeast extract (positive effect), temperature (negative
effect) and inoculum size (negative effect) had the most profound effect to the
biohydrogen production. The three factors were then subjected to OFAT to find the
possible optimum range. It was discovered from OFAT that the inoculum size was
already at the optimum condition at 5%. Meanwhile, the possible optimum range for
yeast extract concentration and temperature were nearly at 3 g/L and 30°C, respectively,
which were then applied as the middle points in the RSM. A total of 11 runs were
generated in RSM. The highest hydrogen production was obtained from Run 7
(hydrogen concentration and yield were 629.80 pumol/L and 12.13 mmol Hz/mol
glucose, respectively). The statistical analysis of ANOVA revealed that the linear and
quadratic term of yeast extract as well as the quadratic term of temperature were indeed
significant to the biohydrogen production. After the whole optimization processes, the
maximum hydrogen concentration and yield were recorded to be 630.67 pmol/L and
7.42 mmol Hz/mol glucose, respectively, which were obtained under the optimum
condition (inoculum size 5%, yeast extract concentration 4.8 g/L, and temperature
31°C). The kinetic study was then conducted under the optimum condition using 1 L of
Schott bottle. It was found that the exponential phase of E. aerogenes along with
biohydrogen production occurred between the 9" and 30" hour of fermentation period.
It was then concluded that biohydrogen produced by E. aerogenes is a growth-
associated product. Several kinetic parameters that were successfully derived from
Monod model were Yys (0.87 g/g), Yps (0.003 mol/mol), Ypx (0.029 g/g), 1 (0.12 h'}), tg
(6 h) and gp (0.0035 hour?). Moreover, a cumulative hydrogen production curve fitted
by the modified Gompertz equation suggested that Hmax, Rmax, and A from this study
were 15.10 mL, 2.18 mL/h, and 9.84 h, respectively. Although biohydrogen was
successfully produced from sago wastewater, the improvement of the yield for further
investigation is still needed due to the limitations of this study, especially on
improvement of the strain, pre-treatment method of the waste, effect of the by-products,
and scale up process.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Nowadays, the need of energy has become a global issue that is challenging to the
humanity due to its high demand, and fossil fuel is still the main source of energy. It
was predicted that by 2035 human population will be increased by 1.6 billion (BP
Statistical Review of World Energy, 2014). Yet, the current oil reservoir would not be
sufficient to fulfil this overwhelming population.

The persistent use of fossil fuel and petroleum leads to the environmental
problems. Combustion of fossil fuel releases carbon dioxide in the atmosphere that
causes greenhouse gas (GHG) effects. GHG emission will increase the surface
temperature of the earth which results in global warming and climate change of the
earth. Not only carbon dioxide, other pollutants like sulfur oxide, nitrogen oxide, ash,
droplets of tars, soot and other organic compounds, are also emitted into the
atmosphere as a result of their combustion (Das & Veziroglu, 2001).

Hydrogen has gained a global attention as an energy carrier for an alternative
clean fuel in the future by which it is able to produce water as by-product (Momirlan &
Veziroglu, 2005). Moreover, as compared to other fuels, hydrogen carries the highest
energy per unit mass and lowest CO, content (Das, Khanna, & Dasgupta, 2014). Kapdan
and Kargi (2006) reported that hydrogen has a 2.75 times greater high energy yield than
hydrocarbon fuels. However, the major problem in utilization of hydrogen gas as a fuel
is that, it does not available in nature as a single product. Therefore, it needs expensive

production methods.



The current hydrogen gas production is not eco-friendly as it is being generated
from fossil fuels through thermo-chemical processes, such as hydrocarbon reforming,
coal gasification and partial oxidation of heavier hydrocarbons (Show, Lee, & Chang,
2011). Thus, to overcome this, researchers have found other alternatives on how to
harvest hydrogen by utilizing the least energy. Production of hydrogen by biological
means has attracted attention of researchers to investigate its potential for inexhaustible,
low-cost and renewable source of clean energy.

On the other hand, the expansion of industries also contributes to the
environmental problems. Industries discharge chemicals and organic waste that needs
to be treated in such a way that it will not harm ecosystem when it is released to the
environment. The major challenge is how to utilize sludge or waste to become useful
and viable product. Accordingly, the main objective of these facts is to reduce the health
or environmental side effects to the lowest level as well as to maintain the sustainability
of raw material.

From this notion, many researchers nowadays focus on utilization of organic
wastes as the substrate. However not all wastes can be used to produce biohydrogen.
Cost, availability, carbohydrate content and biodegradability are the major criteria to be
considered in choosing the appropriate waste (Kapdan & Kargi, 2006). Some of the
wastes that are known as biohydrogen substrate include fruit and vegetable waste (Saidi
et al., 2018), waste wheat (Kirli & Karapinar, 2018), waste paper (Eker & Sarp, 2017),
waste peach pulp (Argun & Dao, 2017), whey waste (Patel, Vaisnav, Mathur, Gupta, &
Tuli, 2016) and dairy wastewater (Gadhe, Sonawane, & Varma, 2015).

Sago palm is widely planted in Malaysia. The plantation has been well
established and become one of the sources of national income by export. About 12% of

the total Sarawak area is covered by sago palm (Karim, Tie, Manan, & Zaidul, 2008).



To produce 1 ton of starch in industry, 20-60 m® of wastewater is discharged. The
wastewater composed of carbohydrates, nitrogen and phosphorus at a ratio of 24:0.14:1
(Adeni, Aziz, Bujang, & Hassan, 2010). Based on this composition, it showed that sago
wastewater contains a high amount of carbohydrates and it is a potential substrate to
produce biohydrogen. Therefore, this research investigated biohydrogen production

from sago wastewater as the substrate using microbial organism.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

The continuous demand of energy supply leads to the depletion of fossil fuel since
energy in the world is still focused to this kind of energy. Yet, fossil fuel is a non-
renewable energy source. Biohydrogen from waste may become an alternative energy
in the future. Moreover, the environmental problem that usually caused by the waste
can be addressed simultaneously. Therefore, it is considered as the clean energy.
Initially, the research for biohydrogen production utilized substrate from the
laboratory grade of chemicals such as glucose, glycerol, acetate and butyrate which
require a high production cost. Even though the yield is high, the use of synthetic
chemical is not economical for the continuous production of biohydrogen. On the other
hand, waste is considered as a cheap option for the sustainability of raw material
(Khanna & Das, 2013). In Malaysia, sago starch is one of the major food industries.
Sago waste becomes very potential as a substrate for biohydrogen production because
it is available abundantly in Malaysia and it contains soluble carbohydrate.
Unfortunately, there is a limited study addressing utilization of sago wastewater as a
substrate for biohydrogen production. So far, the scope of investigation is also limited
to studying the effect of pH, temperature and inoculum size (Puad, Sulaiman, Azmi,

Shamsudin, & Mel, 2015). Other investigation studied the feasibility of biohydrogen



production from sago wastewater by utilizing a mixed microbial consortia (Yunus et
al., 2014). The experiment results confirmed the potential use of sago mill effluent with
a significant improvement of hydrogen yield when the pH was optimized. Later
investigation studied the effect of enzymatic hydrolysis as the pre-treatment method for
biohydrogen production from sago mill effluent (Yunus, Jahim, Anuar, Abdullah, &
Kofli, 2014). Therefore, by considering above justification that the scope of
investigation from previous studies are still having a gap to be fulfilled, this study is
aiming to improve biohydrogen production from sago wastewater by optimizing some
process parameters that was investigated throughout the experiments in the lab scale.
Up to date, the research of biohydrogen production from sago waste used mixed
culture instead of single culture. However, the drawback of mixed culture is that, there
may be a possibility that the bacteria will inhibit each other due to by-product which
may be toxic for other bacteria. Nevertheless, the researches of biohydrogen production
from sago waste are still limited, especially using E. aerogenes. Therefore, in this study
biohydrogen production from sago wastewater using the single culture of E. aerogenes
was carried out. However, since it is single culture, the system should be in sterile
condition. It was hypothesized that sago wastewater can provide the adequate glucose
content required as a substrate for E. aerogenes in producing biohydrogen. Optimization
of several physico-chemical factors such as sago wastewater concentration, pH,
inoculum size, temperature, nitrogen sparge, and the addition some metals to the media
was conducted to produce high yield of biohydrogen using sago wastewater as the

substrate by E. aerogenes.



1.3 RESEARCH OBJECTIVES

The main objective of this study is to evaluate the ability of sago wastewater as the main
substrate for biohydrogen production by E. aerogenes. Meanwhile the specific
objectives are as follow:

1. Toselect the physico-chemical factors that affect biohydrogen production from sago
wastewater by E. aerogenes.

2. To optimize the physico-chemical process conditions of biohydrogen production by
E. aerogenes in serum bottles using Face Centred Central Composite Design
(FCCCD).

3. To determine the kinetic parameters of E. aerogenes cell growth, substrate uptake,

and biohydrogen production.

1.4 RESEARCH SCOPE

Biohydrogen attracts much attentions from the environment and energy sectors due to
its viability. The idea of using bacteria as an agent and waste as a substrate is not only
to produce biohydrogen, but is also to degrade waste in the environment. Moreover, it
also can suppress the total cost of production as compared to hydrogen production by
the conventional methods.

This research was intended to utilize sago wastewater for biohydrogen
production as well as to perform bioremediation of wastewater. Microbial fermentation
technique was employed using single culture of E. aerogenes instead of co-culture or
mixed culture in dark fermentation. Acid hydrolysis was used as the pre-treatment
method to break down starch in sago wastewater into the fermentable sugars. Ten
physico-chemical factors (sago wastewater concentration, pH, inoculum size,

temperature, yeast extract, malt extract, iron, magnesium and copper concentration, and



nitrogen sparge) were subjected to the screening process using Plackett-Burman design.
The 3 most significant factors were optimized for a maximum biohydrogen production
using One-Factor-At-a-Time (OFAT) method followed by Face Centred Central
Composite Design (FCCCD) under Response Surface Method (RSM). The screening
and optimization process of factors were investigated in serum bottles with the aid of
statistical software namely Design Expert (VV.9.0.6). Kinetic study was carried out in 1
L Schott bottle for E. aerogenes in term of cell growth, cumulative biohydrogen
production, and substrate consumption. The data output obtained were hydrogen
concentration and yield from glucose. The biohydrogen produced was measured using

a hydrogen gas analyzer.

1.5 RESEARCH METHODOLOGY

The attainment of the set of objectives should be according to a well-planned

methodology (Figure 1.1), which is outlined as follow:

1. Characterization of sago wastewater and pre-treatment process using acid
hydrolysis to obtain more fermentable sugars.

2. Early screening of 10 physico-chemical factors affecting biohydrogen production
by E. aerogenes including sago wastewater concentration, pH, temperature,
inoculum size, malt extract, yeast extract and some metals concentration and
sparging of nitrogen which were conducted using statistical analysis experimental
design; Plackett-Burman design.

3. Reduction of the 10 physico-chemical factors into three most significant variables.

4. Examination of the possible optimum range, which used OFAT approach.

5. Genuine optimization of the significant variables using FCCCD under RSM.



6. Evaluation of the kinetics study which covered several parameters including
substrate uptake (Yps), the yield of biomass formation based on substrate uptake
(Yxs), the yield of product formation based on biomass formation (Ypx), specific
growth of bacteria (u), doubling time (tq) and specific rate of product formation
(gp) which used Monod model.

7. Determination of cumulative hydrogen production using Gompertz equation.

Pre-treatment of sago wastewater by acid
hydrolysis

Screening of physico-chemical factors
affecting biohydrogen production

A 4

Determination of optimum variable ranges
by OFAT method

Optimization of the variables using RSM

Kinetics study of E. aerogenes cell
growth, substrate uptake, and biohydrogen
production.

Figure 1.1 Overview of the research methodology

1.6 THESIS ORGANIZATION

This thesis is organized into five chapters; Introduction, Literature review,
Methodology, Results and discussion and finally, Conclusion. Chapter 1 describes a
brief background of the study, problem statement and its significant, research scope,
research methodology and thesis organization. Chapter 2 reviews the available literature
related to the subject of study and provide knowledge and information based on the

limitation set in the scope of study. Chapter 3 discusses the detailed methodology,



