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Abstract

Simultaneous action of surfactant modified sugarcane bagasse (SBH) for dye adsorption and
antibacterial activity were investigated. SBH was subjected for adsorption of cationic dye,
methylene blue (MB) and anionic dye, methyl orange (MO). Antibacterial activity of SBH was
tested against gram negative bacterium (Escherichia coli ATCC11229) and gram positive bacteria
(Enterococcus faecalis ATCC 29212 and Staphylococcus aureus ATCC6538). SBH was prepared
by reacting sugarcane bagasse (SB) with different concentrations of cationic surfactant,
hexadecyltrimethylammonium bromide HDTMA-Br) (0.1, 1.0 and 4.0 mM). The adsorbed amount
of HDTMA-Br onto SBH was determined after modification process. SB and SBH were structurally
characterized by FTIR spectroscopy. Results from simultaneous action study demonstrated that
SB showed adsorption affinity towards MB and MO while the antibacterial activity of SB increased
after the surfactant modification reaction. SB modified with 4.0 mM of HDTMA-Br (SBH4.0)
exhibited the highest adsorption capacity and antibacterial activity. SBH demonstrated excellent
antibacterial activity against gram negative in comparison to gram positive bacteria. In conclusion,
the modification of SB with high concentration of HDTMA-Br enhanced the simultaneous action of
cationic and anionic dye adsorption and the antibacterial activity against gram negative bacteria.
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INTRODUCTION

Water pollution due to urbanization and industrialization is a
serious environmental problem that experienced by society nowadays.
The direct discharge of industrial effluent containing dyes exerts
negative effects towards natural ecosystem due to non-biodegradable
and toxic properties of dye [1]. Recently, enormous/massive attention
has been focused on preparing adsorbent from diverse organic and
inorganic materials. However, several important factors such as low
capital cost, availability of selected material and high adsorption
capacity need to be taken into consideration while choosing the
suitable adsorbent for removal of different types of dye in aqueous
solution. Sugarcane bagasse is reported as primary and massive agro
industrial waste being produced by agricultural industry in Malaysia
[2]. Malaysia's sugar industry requires approximately 146, 164 metric
tons of sugarcane for production of refined sugar in 2012 [2]. In
general, a tonne of sugarcane generates 280 kg of bagasse, the fibrous
waste that remained after sugar extraction from sugarcane [3].
Although the by-products from sugarcane bagasse farming activity
exhibit no commercial value for environmental and economical
purposes [4], sugarcane bagasse can be a potential material as an
effective adsorbent for removal of dye from aqueous solution [5].

The presence of nitrogen, phosphorus and carbon in wastewater
from industrial effluent promote the emergence of unwanted
microorganisms. These elements provide the necessary basic nutrients
for continuous growth of different types of bacteria [6]. Therefore,
simultaneous adsorbent and antibacterial agent is required in order to
eliminate environmental pollution and bacterial growth problems.
Hence, in this study, modification of sugarcane bagasse using cationic
surfactant, hexadecyltrimethylammonium bromide (HDTMA-Br) was
applied for simultaneous action on dye adsorption and antibacterial
activity. Two different types of dye which were methylene blue (MB)
and acid orange 7 (AO7) have been selected as cationic and anionic
dye, respectively in this study. The selection of MB and AO7 as model
dyes was due to the fact that MB and AO7 are extensively used in
diverse industries and their strong affinity towards solid substrates. In
addition, the presences of MB and AO7 in water bodies resulted in the
negative effects towards human being and natural environment [7].

METHODOLOGY

Materials

Sugarcane bagasse was collected from nearby market and pre-
treated according to the method described by previous study [8].
Sugarcane bagasse was initially sundried for 10 hours per day for a
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week to remove the moisture content. The pith fragments and fibers
were crushed into tiny parts and then oven dried at 90 °C for 24 hours
until a constant weight was achieved. The SB was ground into fine
powder using stainless steel blender (model MX-337-RF, Panasonic,
Malaysia) and subsequently sieved to a constant size ranging from 100
to 200 meshes using American Society for Testing and Materials
(ASTM) sieve (model PRADA, Saintifik Jaya, Malaysia). The
collected sugarcane bagasse fragment was washed with distilled water
under constant stirring at 70 °C until the filtrate was free of colour and
turbidity. The washed sugarcane bagasse was washed again with 95%
ethanol in order to eliminate the residual sugar and subsequently oven
dried at 90 °C for 24 hours. Finally, sugarcane bagasse was washed
again with hexane:ethanol (1:1) using Soxhlet apparatus for 4 hours to
eliminate the extracted extractives and lignin. The washed sugarcane
bagasse was dried at 90 °C for 24 hours. The dried sugarcane bagasse
was stored in airtight plastic container at room temperature. The
prepared sugarcane bagasse was abbreviated as SB.

For the application of SB and its modified form, the used MB and
AOQT7 are classified as cationic and anionic dye, respectively. Whereas,
E. coli is a gram negative bacterium while S. aureus and E. faecalis are
gram positive bacteria.

Preparation of surfactant modified SB

Pre-treated SB was modified with three concentrations of
HDTMA-Br (0.1, 1.0 and 4.0 mM). Accurately 100 mg of SB was
weighed and placed into 100 mL of HDTMA-Br solution. The
suspension was stirred under constant stirring at 200 rpm for 15
minutes. The mixed solution was separated by single filtration and the
filtrate was dried at 90 °C overnight. The filtrate was kept for
determination of HDTMA-Br that adsorbed onto SB. The modified SB
was abbreviated as SBH0.1, SBH1.0 and SBH4.0 for SB modified
using HDTMA-Br with 0.1, 1.0 and 4.0 mM, respectively.

Determination of surfactant adsorbed

The determination of surfactant adsorbed onto SB was performed
as described by previous literature [9]. Initially, 25 mL of distilled
water, 5 mL of 2 M sulphuric acid, 10 mL of chloroform and 2 mL of
1 mM acid orange 7 were mixed and well-shaken in separating funnel.
Then, 1 mL of HDTMA-Br filtrate was added to the previous mixture
and the mixture was continued to be shaken vigorously. The
chloroform layer was extracted and analyzed using visible
spectrophotometer  (model NANOCOLOR®, Macherey Nagel,
German) at Aqg7nm. The amount of HDTMA-Br adsorbed onto SB, qugs
(mmol/kg) was calculated as follow:

(qi - qe)V
daags = —

w

where q; and q. (mmol/L) are concentrations of HDTMA-Br before
and after modification, respectively, V (L) is volume of HDTMA-Br
solution and w (kg) is weight of SB.

Characterization of SB and SBH

The samples of SB and SBH were characterized using Fourier
Transform Infrared (FTIR) spectroscopy that equipped with attenuated
total reflectance (ATR) technique. The FTIR spectra were recorded
using OMNIC software at spectral range of 400-4000 cm’.

The samples of SB and SBH4.0 before and after adsorption of MB
and AO7 were characterized using SEM (model Phenom Pro
Generation 5, Phenom-World, Netherlands) at electron acceleration
voltage of 5 and 10 kV. Prior to scanning, raw SB together with MB

and AO7 loaded SB and SBH4.0 were coated with thin layer of gold
using autofine coater to make samples electrically conductive.

Adsorption study

The adsorption of MB and AO7 were conducted at different
concentrations of MB and AO7 which were 100, 200 and 400 mg/L.
The MB and AO7 stock solutions were prepared by dissolving 1000
mg of respected dye in 1000 mL of distilled water. The subsequent
working solution was prepared by diluting the stock solution with
distilled water to desired concentration. The batch adsorption study
was performed at room temperature where 100 mg of SB and SBH was
added to 20 mL of MB and AO7 solution and was shaken at 200 rpm
for 2 hours. The concentration of MB and AO7 before and after
adsorption was determined using visible spectrophotometer (model
NANOCOLOR®, Macherey Nagel, German) at Agsinm and Agg7nm,
respectively. MB and AO7 adsorptions at equilibrium, q. (mg/g) were
calculated as follow:

_ (Ci - Ce)V

€ w

where C; and C. (mg/L) are concentrations of MB and AO7 at initial
and equilibrium, respectivel,, V (L) is volume of MB and AO7
solutions and w (g) is weight of SB and SBH.

Simultaneous action of dye adsorption and antibacterial
activity

The simultaneous action of dye adsorption and antibacterial
activity involved the adsorption of MB and AO7 by SB and SBH and
antibacterial activity of SB and SBH and against three different types
of ATCC bacterial namely E. coli ATCC 11229, S. aureus ATCC 6538
and E. faecalis ATCC 2921 [10]. The prepared pellet of corresponding
bacteria was mixed with 50 mL of 10 mg/L dye solution and the
mixture was subsequently vortex to suspend the available bacteria.
Accurately, 100 mg of SB and SBH were weighed and added into the
previous mixture. The mixture was incubated at 27 °C and shaken at
200 rpm for 30 minutes. The incubated mixture was filtered to separate
dye solution and bacteria culture. The concentration of MB and AO7
was determined as previously described in Section 2.5. The viabilities
of bacteria presented after 30 minutes of incubation time with SB and
SBH were determined by drop plate (DP) method. The serial dilution
of bacteria culture was diluted until eight times dilution factor.
Accurately, 10 puL of bacteria suspension was incubated at 37 °C for 18
hours. The bacteria colony number (CFU) available on NA plate after
incubation period was counted.

RESULTS AND DISCUSSIONS

Amount of Surfactant Adsorbed

The modification of SB by HDTMA-Br was performed by using
three concentrations of HDTMA-Br which were 0.1, 1.0 and 4.0 mM.
The amounts of HDTMA-Br adsorbed onto SB at different initial
concentrations of HDTMA-Br solution was presented in Fig. 1. As
shown in Fig. 1, the amount of HDTMA-Br adsorbed onto SB was
increased as the initial concentration of HDTMA-Br solution was
increased. The obtained result could be explained by the presence of
cellulose, hemicelluloses and lignin in SB that resulted in the
formation of negatively charged external surface area of SB [11]. The
negatively charged surface of SB could easily attract cationic
surfactant HDTMA-Br, enabling more HDTMA-Br to be adsorbed
onto SB. The different concentrations of HDTMA-Br that have been
applied onto SB could instigate the different capacities of surfactant
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bilayer form on the surface of corresponding adsorbent. From the
obtained result, it was expected that HDTMA-Br was successfully
introduced into the structure of SB.
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Fig. 1 Amount of HDTMA-Br adsorbed onto SB at different initial
concentrations of HDTMA-Br.

Characterization of SB and SBH

The FTIR spectroscopy was performed to determine the functional
groups of SB and SBH. The FTIR spectra of SB and SBH were
presented in Fig. 2. As shown in Fig. 2, the strong broad peaks ranging
from 3342 to 3449 cm™' were observed for all samples that indicated to
hydrogen bond vibration in —OH functional group of cellulose and
lignin [12, 13]. The bands in the range of 2921 to 2899 cm ' were
indicated to the existence of methyl stretching vibration from CH,
functional group of cellulose and hemicelluloses [14]. The increment
in intensity of —CH vibration from SB to SBH4.0, as shown in Fig. 2
could influenced by the increase of aliphatic carbon content in SB in
which these observed bands were indicated for the attachment of
HDTMA-Br molecule onto the surface of SB [15]. The sharp intense
bands in the range of 1728 to 1730 cm ' for all samples were
corresponded to C=O stretching vibration in acetyl or ester groups of
hemicelluloses and ester linkage in lignin [16, 17]. The weak peaks
around 1631 cm™' were corresponded to C—O-O bond of lignin
aromatic structure [18]. The observed peaks at 1425 em ' for SB and
SBH is were due to —CH, deformation of methyl and methylene group
of lignin and cellulose, respectively, as well as benzene ring in lignin
structure [17]. The presence of bands at 1240 cm ! was represented for
C-0-C of cellulose chain. The peaks at 1161 cm™' were in connection
with asymmetric deformation of C-O—-O in cellulose and
hemicelluloses [19]. The overall FTIR spectra revealed the diverse,
important chemical groups of cellulose, hemicelluloses and lignin in
SB, proving the lignocellulosic components might involve in the
adsorption of HDTMA-Br onto the surface of SB. In conclusion, the
result from FTIR spectra demonstrated that the treatment procedure
did not change the structure of SB substantially.

SEM analysis was performed to study the surface morphology of
sugarcane bagasse before surfactant modification, after surfactant
modification and after adsorption of MB and AO7 [11]. The SEM
micrographs of raw SB, MB and AO7 loaded SB and SBH4.0 were
presented in Fig. 3. From Fig. 3(a), it was observed that SB exhibited
heterogeneous surface with some porous structure. The presence of
pores could provide larger surface area that facilitated the adsorption
of HDTMA-Br, MB and AO7 onto SB [11]. In addition, particles of

various sizes and shapes were are also observed on the outer surface of
SB. These particles might be related to the cellulosic material
contained in SBH [20, 21]. However, from Fig. 3(b), it was clearly
observed that the surface of SBH4.0 is was only covered with layers of
smooth textures, indicating the successful adsorption of HDTMA-Br
onto SB after modification with 4.0 mM of the respected surfactant.
The similar result was also reported for modification of tea waste with
cetyltrimethylammonium bromide [22]. From Fig. 3 (c), (d), (e) and
(), the layer of flake shape texture was observed to be presented on the
outer surfaces of SB and SBH4.0 after adsorption process, suggesting
that MB and AO7 were attached on surfaces of SB and SBH4.0 after
completion of adsorption reaction.
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Fig. 2 FTIR spectra of SB and SBH.

Fig. 3 SEM micrograph of (a) SB (b) SBH4.0 (c) SB after adsorption of
MB (d) SBH4.0 after adsorption of MB (e) SB after adsorption of AO7 (f)
SBH4.0 after adsorption of AO7 at 600x magnification.

Adsorption of dye by SB and SBH

The preliminary study on adsorptions of cationic and anionic dye
was performed in order to determine the adsorption affinities of SB
and SBH towards different classes of dye. The adsorption capacities of
SB and SBH against MB and AO7 were presented in Fig. 3 and 4,
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respectively. As observed from Fig. 3, SB and SBH 1.0 demonstrated
highest and lowest adsorption capacity towards MB, respectively. The
adsorption of MB by SB and SBH followed the trend of SB > SBH4.0
> SBHO.1 > SBH1.0. The amounts of MB adsorbed by SB and SBH
were increased in accordance with the increase in initial concentrations
of corresponding dye solutions *. In aqueous solution, hydrogen ions
were released by hydroxyl groups of cellulose and lignin, which
resulted in the formation of negatively charged surface area. Thus, SB
was prone to attract cationic MB dye. From Fig. 4, SBH4.0 and SB
showed highest and lowest adsorption of AO7, respectively. Hence,
the adsorptions of AO7 by SB and SBH were followed the trend of
SBH4.0 > SBH1.0 > SBHO0.1 > SB. The amounts of AO7 adsorbed by
SB and SBH were inclined as initial concentration of AO7 was
increased *.The reversal of surface charge from negative to positive
potential was resulted from the surfactant modification that induced
the formation of HDTMA-Br bilayer on the external surface of SB.
Therefore, SBH would attract anionic AO7 dye. The outcome from
current section could demonstrate the different adsorption behaviors of
SB and SBH towards cationic MB and anionic AO7. The overall result
from this study showed that the surfactant modification reaction might
significantly influence the adsorption capacity and affinity of SB
towards different classes of dye. The reversal of surface charge from
negative to positive potential was resulted from the surfactant
modification that induced the formation of HDTMA-Br bilayer on the
external surface of SB. Therefore, SBH would attract anionic AO7
dye. The different concentrations of HDTMA-Br applied to modify SB
caused different adsorption behaviors towards cationic and anionic
dyes.
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Fig. 4 Adsorption of MB by SB and SBH at different initial concentration
of MB.
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Fig. 5 Adsorption of AO7 by SB and SBH at different initial concentration
of AO7.

Simultaneous action of dyes adsorption and antibacterial
activity of SB and SBH

The simultaneous action of dye adsorption and antibacterial
activity of SB and SBH were involved the adsorption of MB and AO7
and antibacterial activity against three different types of bacteria which
were E. coli, S. aureus and E. faecalis by the aforementioned samples.
The amount of dye adsorbed and the number of viable bacteria colony
in the dye solution after the reaction were measured simultaneously
The adsorption percentage of MB and AO7 and number of E. coli, S.
aureus and E. faecalis viable colony after tested with SB and SBH
were presented in Fig. 5, 6 and 7, respectively.

From Fig. 5, 6 and 7, SBH4.0 demonstrated the highest adsorption
capacity towards MB and AO7 in the solution containing mixture of
dye and bacteria culture. The obtained result might be influenced by
the formation of HDTMA-Br bilayer on the outer surface of SBH4.0
after the modification reaction. The surfactant modification would
increase the density of active functional groups on SBH4.0 that
responsible for adsorption of MB and AO7. The incline in number of
functional groups could enhance electrostatic interaction between
positively charged SBH4.0 and negatively charged AO7 [19], resulting
in the increment of AO7 adsorption by SBH as obtained in Fig 5, 6, 7
and 8. In addition, the presence of bacteria culture in the dye solution
might serve as an additional adsorbent for the uptake of MB and AO7
molecules. The bacteria would act as an intermediate for adsorption of
MB and AO7 onto SBH4.0 [23]. The properties of bacteria as
adsorbent would enhance the adsorption of MB by positively charged
SBH4.0.

From Fig. 6, 7 and 8, it was observed that SB and SBH4.0
demonstrated lowest and highest antibacterial activities against E. coli,
S. aureus and E. faecalis culture, respectively. The antibacterial
activities of SB and SBH4.0 were followed the order of SBH4.0 >
SBH1.0 > SBHO.1 > SB. As the concentrations of HDTMA-Br
solution applied to modify SB were increased, the antibacterial
activities of SB were also increased. These obtained results indicated
that HDTMA-Br molecules might serve as an antibacterial agent and
was capable of to be immobilized on the surface of SB as a carrier
system [24]. The HDTMA-Br molecules were able to disrupt the cell
membrane structure and indirectly inhibited the growth of E. coli, S.
aureus and E. faecalis [25]. In general, SBH has the ability to kill both
gram positive and negative bacteria. However, from Fig. 6, 7 and 8,
SBH exhibited the highest antibacterial activity against gram negative
in comparison to gram positive bacteria. This finding might is be due
to the low thickness of peptidoglycan layer presented in E. coli cell
wall relative to S. aureus and E. faecalis [26]. The peptidoglycan layer
is essential to support the structure and survival of bacteria in various
living conditions [27]. Since the peptidoglycan layer of gram positive
bacteria was is thicker in comparison to gram negative bacteria,
therefore, the higher capacity to kill E. coli was demonstrated by both
SB and SBH in comparison to S. aureus and E. faecalis.

The gained results on simultaneous action of dye adsorption and
antibacterial activity study showed that the modification of SB using
HDTMA-Br could enhance the adsorption capacity of SB towards MB
and AO7, as well as the antibacterial activity against E. coli, S. aureus
and E. faecalis. As the initial concentration of HDTMA-Br solution
used to modify the surface of SB was increased, the simultaneous
action of SBH to adsorb dye and kill bacteria was increased
accordingly. Therefore, it was proven that the modification of SB by
cationic surfactant, HDTMA-Br was able to enhance the capability of
raw sugarcane bagasse as adsorbent and antibacterial agent.
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Fig. 6 Simultaneous action of MB and AO7 adsorption and number of
E.coli viable after treated by SB and SBH4.0.
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Fig. 7 Simultaneous action of MB and AO7 adsorption and number of S.
aureus viable after treated by SB and SBH4.0.
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Fig. 8 Simultaneous action of MB and AO7 adsorption and number of E.
faecalis viable after treated by SB and SBH4.0.

CONCLUSION

The simultaneous action of cationic and anionic dye adsorption
and antibacterial activity of surfactant modified sugarcane against
gram positive and gram negative bacteria was investigated. The FTIR
spectra demonstrated that the chemical properties of surgarcane
bagasse were unchanged after surfactant modification reaction. In
addition, the increase in the aliphatic carbon content in SBH after
surfactant modification process indicated that HDTMA-Br molecules
were successfully adsorbed on the outer surface of raw sugarcane
bagasse. The determination on the adsorbed surfactant revealed that
the amount of HDTMA-Br attached onto sugarcane bagasse was
increased as the initial concentration of HDTMA-Br solution was
increased. The characterizations of SB and SBH further confirmed that
HDTMA-Br was successfully introduced into the structure of
sugarcane bagasse. The outcome from adsorption study indicated that
SB and SBH4.0 exhibited highest and lowest adsorption towards
methylene blue and acid orange 7, respectively. The adsorption of MB
followed the order of SB > SBH0.1 > SBH1.0 > SBH4.0 while the
removal of AO7 followed the trend of SBH4.0 > SBH1.0 > SBH0.1 >
SB. The outcome from simultaneous action of dye adsorption and
antibacterial activity revealed that SBH4.0 demonstrated highest
uptake capacity against methylene blue and acid orange 7, as well as
largest antibacterial activity against E.coli, S.aureus and E. faecalis.
However, both SB and SBH4.0 only demonstrated higher capacity to
kill E. coli in comparison to S. aureus and E. faecalis. Therefore, it
could be concluded that SB and SBH exhibited highest antibacterial
activity against gram negative in comparison to gram positive bacteria.
Hence, sugarcane bagasse modified with quaternary ammonium
cationic surfactant, HDTMA-Br was proven to be functioned as
alternative adsorbent and antibacterial agent for treatment of
wastewater effluent.
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