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1. INTRODUCTION

Biofilm-based systems have been extensively usachawobilized cell systems
as they enhance the reaction rates and populatigmamics. Therefore, this
study was done to characterize the biofilm formatifrom anaerobic sludge
for fermentative hydrogen (k) production at mesophilic and thermophilic
conditions. This study has been focusing on the elepment of mixed
microflora biofilms whereby the physical and cheralccharacteristics of the
biofilm will be studied. Several tests were donectmaracterize the biofilm

formation, which included the Fourier transform imfred spectroscopy
(FTIR) to test the functional group present in thenmobilized cell, analysis
on the gas produced by the immobilised cells usingas analyser, and lastly
analysis on the chemical compositions presence ine textracellular

polymeric substances (EPS) of biofilm. This studwadhidentified that the

highest amount of gas collected which representihgdrogen is 470 ppm
with the condition of 60 °C with GAC. From the FTIRanalysis, the

functional group exist in two peak 3308.3¢mand 1637.12ct are the

hydroxyl (O-H) group and the combination of C—N + groups in proteins

respectively. The transmission of each peak frone thTIR result, and the

concentration of the carbohydrate and protein in ghextracted EPS had
increased with the increasing of the fermentatioray] indicates that the
physical and chemical properties of the EPS may nba more than expected
during biofilm growth and alteration.
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Nowadays, hydrogen @y had been chosen as an alternatives for fosds fige to it non-
polluting and environmentally friendly characteastAccording to Midilli et al. (2005), K
also has the highest energy content per unit weagiing any known fuel which includes

methane, natural gas,

biodiesel, ethanol, etc (Miel al., 2005) H can be produced by

several ways, however, biological treatments aeentiost popular and widely used. Among
those biological treatments, the most promising @nelark fermentation, which involve
process of bioconversion of carbohydrate-basedsteekls by diverse group of bacteria to
produce H and volatile fatty acid in a dark, anaerobic ctindi This method is

environmentally friendly due to its capability toake use of the organic waste to reduce
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pollutions (Das, 2008). Other than that, dark fartagon also has various advantages, such
as high rate of bacterial growth, low input ener@y low costs.

The aim of this study was to characterize the lmoformation from the anaerobic sludge for
fermentative biohydrogen production at mesophitid hermophilic conditions. The activity
of attached growth system in,Hproduction could be controlled by understanding th
characteristics of biofilm. Biofilm has the capdilto stabilize the hydrogen-producing
bacteria for a good Hperformance as they enhance the reaction ratespapdlation
dynamics during the aggregation of microorganisiige formation of biofilm depends on
several factors, which are the physical surface ememical composition of the support
carrier, the surrounding environment which incluthe nutrient availability, pH value,
temperature, and lastly the composition of the atii@ consortia (Pulcini, 2001). This study
has been limited to the characterisation of the eshixmicroflora biofilms during the
development of the immobilised cells.

2. MATERIALS AND METHODS
2.1 Mixed microflora, carrier support, and substet

The seed sludge used in this study was palm oil effluent (POME) sludge that was
collected from United Oil Palm Industries Sdn BimdNibong Tebal, Penang. The POME
sludge was preserved at°@ to prevent self-biodegradation and acidificat{botpi et al.,
2016). Prior to use, the seed sludge underweneteadion by heating at 80 °C for one hr to
eliminate any H consuming bacteria (Lutpi et al., 2016).

The carrier material is used as support matrixniaccroorganism and functions as host and
attached media that offer a surface area for aelvth. In this study, commercial granular
activated carbon (GAC) from Carbochem Inc., USAhwsize in the range of 2-4 mm was
chosen as the carrier material due to its physicdlchemical inert characteristic (Lutpi et al.,
2016).

The substrate used for biohydrogen production coet5 g/l sucrose as the sole carbon and
energy source and supplements as follows;@MH(1 g/l); NaCl, (2 g/l); MgGlL.6H20, (0.5
g/l); CaCh.2H,0, (0.05 g/l); kHPO,.3H,0, (1.5 g/l); KHPO,, (0.75 g/l); NaHC@Q, (2.6 g/l);
cysteine hydrochloride, (0.5 g/l); yeast extra2tg(l); resazurin, (0.5 mg); and trace elements,
(2 ml) (Lutpi et al., 2016) .

2.2 Methodology

Figure 1 shows the setting up of the apparatusa®bpttle with volume of 500 ml capacity
was used in this study with working volume consisb0 % from the total volume. The seed
sludge was a mixture of GAC with seed sludge ab i@ft1: 1. The mixture was used as seed
in this study and the volume is 10 % of the workugdume. Balance of 40 % of working
volume was filled with substrate. After the mixtuseready, the pH was adjusted to 5.5 using
1 M NaOH or 1 M HCI. Next, the mixture is purge lvititrogen for five minutes to ensure
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anaerobic condition is obtained for dark fermeotagprocess. Once the purging is done, the
tubing is inserted into the measuring cylinder élext biogas and the duran bottle is placed
inside the water bath to maintain the temperatline temperature setting for thermophilic
condition is set at 68C while for mesophilic condition is set at 8D (Karadag et al., 2009).
The fermentation is done by employing repeated hb&tchnique for a maximum of five
successive batches to ensure the biofilm formedaosnier material as immobilised cells are
stable enough in terms of;Hbroduction (Lutpi et al., 2016). The sampling veEse every
day after fermentation which involved the sampléshiogas, liquid samples of influent,
effluent and also the sample of GAC. The biogakectbn from duran bottle was using water
displacement method. Water displacement methoad isnaerted measuring cylinder filled
with acidic water € pH 3) that were used to trap the gas leaving frlmengas outlet of duran
bottle (Mamimin et al., 2012). The acidic waterswesed to prevent any dissolution of biogas
components into the water (Mamimin et al., 2012)e Das obtained was being analyzed by
using a Gas Analyzer (Geotech Model GA5000). Then&tion of biofilm on the GAC was
analyzed to determine the functional group presdnceising FTIR spectrometry (Model
Nicolet 6700, Thermo Scientific, USA). Lastly, tlextracted EPS was analyzed for total
carbohydrate (TC) by using phenol-sulphuric acidhmé (Dubois et al., 1956) and protein
concentration according to Bradford method (Bradifd©76).

Tube A Measuring Cylinder
(Tubing for nitrogen purging)

\ —1 Collected Gas
Tube B
(Tubing for gas collection)

Duran bottle with
flange which wrapped
with aluminium foil \} Tube C

(Tubing for gas sampling)
° 0 ? oO ° @

oo O = _] —
°
°
L = \< = ~ Basin
Synthetic medium
Water Bath
with mixed culture Acid Water

and carrier material

Figure 1: Setting up of the apparatus
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The experiment is repeated with the following ctiods:

Table 1 : Experiment conditions

Condition Temperature (°C) Support Substrate Seed Sludge
Carrier (259) Medium (ml) (ml)
Control A 60 Nil 225 25
A 60 GAC 225 25
Control B 50 Nil 225 25
B 50 GAC 225 25

3. RESULTS AND DISCUSSIONS
3.1 Analyses on Biogas Production

Figure 2 compares the experimental data on thenwdlof biogas collected based on different
experimental conditions. From the graph, we cantlsaethe highest volume of gas collected
is from the fermentation at 60 °C with granulanaated carbon (GAC), followed by the 60
°C without GAC, 50 °C with GAC and lastly results5® °C without GAC (Karadag et al.,
2009). The trend of the volume of biogas collecdedms quite similar at all conditions. At
first it increased from day 1 to day 3 and stattedet stable after the day 4 except for day 3
of 60 °C with GAC and day 2 of 50 °C without GAQj4 two days shows a drop in the
volume of biogas collected due to leakage was tedeat the tubing connected to the duran
bottle. This resulting to operation breakdown sirar@aerobic condition was not fully
employed during fermentation, thus encourage tlesgnt of oxygen from the environment
outside of the duran bottle (Lutpi et al., 2018)u¥, the volume of biogas released during the
fermentation were decreased.

w
wn
o

=
£ 300
©
Q
© 250 o —— —
k: _ D G S— — S G—
8 200
v
©
& 150
o
© 100
Q
£
= 50
o
>

0

1 2 3 4 5 6 7 8 9 10
Number of Day
—— 50°c with GAC 50°c without GAC 60°c with GAC 60°c without GAC

Figure 2 : Graph of volume of gas collected agaiushber of day

p-ISSN 1675-7939; e-ISSN 2289-4934
© 2017 Universiti Teknologi MARA Cawangan Pulau &gy

27



ESTEEM Academic Journal g WESIse )

- UNIVERSITI
Vol.13, Special Issue, August 2017, 24-34 EKNOLOGI

T
MARA

From the results obtained, we can see that theabipgoduction at 60 °C which represent the
thermophilic condition (60 °C-120 °C) is higher mh#he fermentation at 50 °C which
represent the mesophilic condition (20 °C-50 °)ede results are in agreement with the
finding of Kargi F. et al. (2012), who suggestedttthe yield and production in thermophilic
fermentative H production is higher than in mesophili¢ férmentation (Kargi et al., 2012).
In addition, the presence of the GAC aid in enhagnthe biogas production. These results are
supported by Keskin et al. (2011) that had clainmed attached growth system could enhance
H, production better than using suspended growtlesy¢Keskin et al., 2011).

Figure 3 shows the amount of dulfide, HS detected by the gas analyzer based on the
optimal biogas volume collected on each experim@uadition. From the figure, we can see
that the highest amount of,8 collected is 470 ppm with the condition of 60Eh GAC,
followed by 60 °C without GAC (368 ppm), 50 °C wiAC (318 ppm) and 50 °C without
GAC (245 ppm). Due to the limitation of the gas lgper, we could not measure the amount
of H, directly, so we can only analyzed the amount gfpkbduced based on the amount of
H,S collected. So, in order to confirm there is s exist in the gas collected, a lighted
wooden splinter is used (https://chemstuff.co.uddgical-chemistry/tests-for-gases/ [access
on 20 April 2016]). When the lighted wooden splinteas contacted with the gas collected, a
pop sound was heard. This proved that the existehtiee H gas in the collected gas. This
results also shows that the production rate is higher at the thermophilic daod than the
mesophilic condition.
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Figure 3 : Amount of k5 collected based on the optimal biogas colleate@dch condition

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

The procedure to collect the sample for FTIR ansalyscluding the sample preparation
technique were in accordance to Liu and Fang (Liba%ag, 2002)Figure 4 shows the FTIR
spectrum of the Extracellular Polymeric Substan@&®S) formed in the substrate medium
after day 5 fermentation at 60 °C with GAC. Thistjgallar result at 66C is selected since
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the condition depicted the best performance conap@renesophilic condition at 5. From
the figure, there are two main peak which are edatt 3308.3cfhand 1637.12cth
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Figure 4: The FTIR spectrum of the substrate medifter the day 5 fermentation at 60°C with GAC

The functional group exist in the two peak 3308.3@nd 1637.12cihare the hydroxyl (O-
H) group and the combination of C—N + N—H groupsrioteins respectively (Sheng et al.,
2010). For the hydroxyl group, the type of bonaasboxylic acids. The carboxyl present in
the carboxylic acid can be charged and ionizeskease K ions, H. When the H meets
another H, the two H will eventually attract to each other and will bevalently bonded
together as H-H, theyas. This will increase the amount of pfoduced.

The hydrophilic characteristic of the hydroxyl gpsuexisted in the EPS caused the biofilm
formed to become more attractive to the bacteriadiin substrate medium due to the surface
of the bacteria is also hydrophilic . This enaltle bacteria to make more frequent contact
with the hydrophilic surface compared to a hydrdpbsurface and this increases the chances
of adhesion and subsequent biofilm growth. Thus till enhance the biofilm formation.
Besides that, the C-N + N-H groups in proteins gy an important role in the biofilm
formation (Sheng et al., 2010).

Figure 5 shows the FTIR spectrum of the GAC akementation at day 1, 3 and 5 at 60 °C.
From the figure, we can see that the shape of mpador day 1 is quite different while the
shape of spectrum for day 3 and day 5 is almosgtasim
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This figure shows that, the day 1 represent thetirstgformation of the biofilm while day 3
and day 5 represent the complete formation of tbiiin. Besides that, we can also see that
the transmission of each peak had increased froynld® day 5. Since these regions are
mainly correlated with the formation of EPS, thiglicates that the physical and chemical
properties of the EPS may change more than expelctedg biofilm growth and alteration
(Christensen & Characklis, 1990; Flemming & Wingen@®001) . For the initial formation of
the biofilm, proteins are functions as an adhesiobiofilm to the GAC surface. It allows the
starting of the colonization of the bacteria to sieface and also the long-term attachment of
the biofilms to the surface. Other than that, prstealso function as intermediate for
aggregation of bacterial cells. It enables the dind between cells and also the short-term
immobilization of the bacterial population.
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Figure 5 : The FTIR spectrum of the GAC after fenta¢ion at day 1, 3 and 5 at 60°C

3.3 Extraction and chemical composition of EPS

Extracellular polymeric substances (EPS) are comapisnof the aggregation of,idroducing
bacteria (HPB) which accumulated in the biofilmdted on the support carrier which is the
granular activated carbon (GAC) in this study. ER& were produced on the GAC surface
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helps to enhance the microbial adhesion by chantiegphysicochemical characteristics of
the GAC surface. They created scaffolds with sigtabhysical characteristics and an
interconnected GAC pore structure which promoteatedchment (Sheng et al., 2010).

In this study, the procedure to collect the sanfpleEPS analysis including the sample
preparation technique were in accordance to LiuFand (Liu & Fang, 2002).

The total carbohydrate (TC) and also the totalginotoncentration in the extracted EPS had
been determined by summing up the TC and proteiwcardration of the soluble EPS, loosely
bound EPS (LB-EPS) and tightly bound EPS (TB-EPS).

For the TC of the extracted EPS, the phenol sulplagid method was used to determine the
glucose concentration while Bradford method was leygul to determine the protein
concentration. Figure 6 and Figure 7 show the totbohydrate (TC) and the protein
concentration in extracted EPS at both 50 °C antd6fdlom day 1 to day 5 respectively.
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Figure 6 : Graph of total carbohydrate (TC) in extracted EB&rsst number of day
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Figure 7 : Graph of total protein concentrationhia extracted EPS against number of day

Based on the data in Figure 6 and Figure 7, we s that the concentration of the
carbohydrate and protein in the extracted EPS ma@ased with increasing fermentation day.
These results may be explained by the fact thaeti@nced adhesion between the bacteria
and the support carrier GAC during the biofilm fation (Lutpi et al., 2016).

Overall, if ratio of protein over carbohydrate (PI€ determined, the ratios were in the range
from 1.6 to 2.6. These results are in agreemet Rés et al. (2011) findings which showed
the protein/polysaccharide ratio of biofilm EPS between 1.8 and 5.4 (Ras et al., 2011).

The EPS secreted by mixed microflora can be sutbeld/into two main types which are the
bound EPS and the soluble EPS. The bound EPS exlilng loosely bound EPS (LB-EPS)
and tightly bound EPS (TB-EPS) which represents dtiached organic materials. While
according to Infantes et al. (2011) findings, tloduble EPS do reflects to the hydrogenase
metabolic pathway (Infantes et al., 2011). A hyémase is an enzyme that catalyzes the
reversible oxidation of molecular;kvhich contribute a lot to theHbroduction performance.
Thus, the concentration of the EPS directly afféhts functional and structural integrity of
microbial biofilms and had a direct relationshipttwH, production (Branda et al., 2005).
However, the types of soluble EPS and the degremiofobial adhesion on the support
carrier will be different and mainly depends on timcrobial species and operational
conditions, such as pH value and temperature.

4. CONCLUSION

This study had identified that characterizatiorsoth biofilms based on the functional group
present in the immobilized cell, biogas produced dotal carbohydrate and protein
composition in EPS of biofilm could contribute tk@owledge on the enhancement of
biohydrogen production by stabilizing the hydrogenducing bacteria on the biofilm. This
study also had depicted granular activated carl@®C) has the capability to favour the
adhesion of hydrogen-producing bacteria becausts dfigh specific surface properties that
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provide a great number of available binding sites inmobilizing and development of
biofilm for a good H performance.
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