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impregnated activated carbon nanoparticles and theiantibacterial activity
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ABSTRACT

Citrus limetta fruit is commonly known as sweeelimweet lemon and sweet limetta or mosambi. Ttez skin of
the citrus limetta fruit acts as a precursor foretipreparation of activated carbon by chemical ation with
sulphuric acid. Activated carbon was prepared by tarbonization of citrus limetta at different camdtions of
temperatures and time periods. The different at¢idacarbons prepared were washed for several timitls
NaHCQG; additionally distilled water to remove the preserf excess acid. The resulting product transfeteedot
air oven at 118C # 5°C for more than 3 hours to obtain an entire fin@dk activated carbon. The effective
activated carbon was chosen from among the diffemetivated prepared based on the porous strucamalyzed
using scanning electron microscope (SEM). Thusahestivated carbon was converted into nano sizgivated
carbon (ACNP) using planetary ball mill. Metal ngzoticle namely MgO nanoparticles (MgONP) were
chemically synthesized and that MgONP was impreghanto the ACNP to form MgONP-AC nanoparticlee Th
ACNP, MgONP and MgONP-AC compounds were treateld sdtected seven bacteria such as Staphylococcus
aureus, Escherichia Coli (E.Coli), Klebsiella pneamiae, Proteus mirabilis, salmonella typhi, Pseudoas
aeruginosa, Vibrio cholerae for their antibacterittivity.

Keywords: Citrus limetta, activated carbon, bacteria, Thegravimetric-Differential Thermal Analysis, scanning
electron microscope, X-ray powder diffraction, Feutransform infrared spectroscopy.

INTRODUCTION

In recent years, municipal wastage is being a n@joblem for world as well India. Many ways canduopted for
the disposal of that wastage but almost all thesalagds to the environmental pollution. In our dayday life,
environmental pollution is also a major problem aadous methods were employed to minimize its aslveffects
but it is small part. Importance given by variowaietries to keep their country clean shows theossriess of this
issue. Permanent and feasible solution for thiseiss recycling of waste material and convertativ ivalue added
product without polluting the environment. Activdtearbon is one such value added product in ttentent and
prevention of bacterial infection [1] [2]. Activatecarbon is a fine carbonaceous material whichidehy used as
adsorbent [2] [3], and in separation process [4]db catalysis [6] [7]. Activated carbons play a jorarole in
adsorption process because of its high surfaceaar@@orous texture. Due to this property it haanhgsed in many
disciplines such as medical, agriculture and so on.

Activated carbon can be produced from all carbartaiaing ligno-cellulosic materials such as ricsh({B], wastes
of vegetable origin [9], palm shells [10], pomegrenseeds [11], fruit peels [12], olive stones [Yiat [14], saw
dust [15], Bagasse [16], waste tea [17], coffeaugds [18], desert plants [19], rice bran [20]. Thegre prepared in
two different methods, physical and chemical atira In the first method, the raw materials ishmarized by
thermal treatment and activated in presence ofygagiagent such as GOsteam, air [21]. Chemical activation is
the second method in which the raw material is agpated with chemical such as NaOH, KOHP#&,, ZnCh,
H,SQ,, etc. for a period of time [22]. The sample is e several times and a thermal treatment is divatly.
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There are several studies on activated carbon udifigrent raw materials and identified it as a riar of
antibacterial chemical but very limited studies éndneen taken Citrus limetta or Mosambi peel asneterial for
activated carbon preparation and analyze the anéhbal effect.

In the field of medicine, nanoparticles are beirglered extensively because of their size dependamtical and
physical properties. The size of nanoparticlesinglar to that of most biological molecules andustures. This
makes them an interesting candidate for applicatidnothin vivo andin vitro biomedical research. The result of
their studies in the field of medicine has led heit increasing number of application. Adding tegé another
interesting avenue for their exploration in mediciis their use as antimicrobials to target highathpgenic
microbes. it has been demonstrated that highlytikeametal oxide nanoparticles exhibited excell@ntidal action
against Gram-positive and Gram-negative bacte [ is proven that highly ionic nanoparticulate metaides
can be prepared with extremely high surface aradsuausual crystal morphologies having numerousfedgner
and reactive surface sites [23]. But, for the aggtion of nanoparticles in biology, biocompatilyilis a highly
desired trait. Biocompatibility is the materialsildp to perform medically without exertion of unsieed local or
systemic effects [24], to avoid these effects & ttabeen used to treat with low cost adsorbent.

Citrus limetta peel is being one of the major mipadt wastage due to the increasing consumption ofdmbi
juice. The Mosambi fruits are commonly known as etwanme. It is native to South East Asia and calted in
Mediterranean basin. At present the majority of ldiguopulation has accepted that Mosambi fruit asdjuice
enhances energy of the human. After the usagepdhks of the fruits were thrown away as waste risteshich
causes major disposal problems in the environmedt @auses pollution. Even though there are veryyman
chemicals used as an activating ages8® is the chemical which does not pollute the envinent. Hence, 80,
which is the strong dehydrating agent, which readtls both organic and inorganic compounds [251aken as the
activating agent to react with the raw materialotder to convert these waste materials into aevatided product
without polluting environment mosambi peel has biedsen as a precursor and3®, as the activating agent of the
present study.

Magnesium oxide (MgO) nanoparticles are arrangeghiextensive porous structure with considerabie golume
[26] and henceMgONP has been widely used in various areas arghtigcit has been report that MgONP has a
good bactericidal performance in aqueous environsn] [28]. Not only in aqueous environments, Mg®also
exhibited biocidal activity against certain vegetatGram-positive bacteria, Gram-negative bactanid the spores
in all conditions [29].Compared with TiQ silver, copper and other kinds of solid bacteesi,MgONP are found

to possess many properties that are desirable gotemt disinfectant [30]. MgONP have a stronget faster effect
on the killing action of both bacteria and sporg8]] MgONPs has the advantage of being prepared framiilye
available and economical precursors and solvents,tiaerefore has considerable potential as a saladericidal
material under simple conditions [31] has been eh@s a bactericidal agent and thus it was chelmigahthesised

in this present study. Also synthesised MgONP waprégnated on to prepared ACNP to form MgONP-AC
nanoparticles. Alsotiis proposed to study the antibacterial activifypoepared ACNP, MgONP, MgONP-AC
nanoparticles using Kirby Bauer method. The MIC aiBC were also been studied. And hence the major
objectives of this study are taken as

1. To identify the effective MPAC among different aetied carbons prepared on various combinatiomud &nd
temperature using SEM analysis

2. To synthesis ACNP, MgONP and to form MgONP-AC naartiples.

3. To test the anti bacterial effect of the obtaingtN®, MgONP and MgONP-AC nanoparticles.

MATERIALS AND METHODS

2.1 Synthesis of activated carbon nanoparticles

The peels of mosambi fruit were obtained afterasting the juice from the households and juice sh®pose peels
were washed in distilled water and dried in thelighh for several days. Thermo gravimetric expenmsewere
carried out by a Thermal analyzer, NETZSCH-STA B9BPITER, available at Centralized Instrumentaaod
Service Laboratory (CISL), Department of Physicanamalai University, Tamilnadu, India. In ordern®asure
the pyrolysis behavior of mosambi fruit peel. Thers crushed in to small pieces and soaked withdhemical
activating agent k80, in the ratio of 1:1 for twenty four hours. Thesulting black products was kept in hot air
oven for about three hours at 2C0and then it is carbonized to different tempeegukvithin the ranging obtained
as a result of TG-DTA analysis at different timeripds from 30 minutes to 2 hours in muffle furnadéis
activated part of the carbon is washed severalstiwith NaHCQ followed by distilled water to remove the excess
acid present. Then the resulting product is om@enakept in hot air oven at 1%0+ 5°C for more than 3 hours to
obtain a complete fine black activated carbon.alynit is preserved in desiccators for furthee.uslany activated
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carbons have been prepared on various combinatibme and temperature.The morphology of prepadiyated
carbons were examined by a scanning electron ngiopes JEOL, JSM-5610 LV, available at Centralised
Instrumentation and Services Lab, Department oklRsy Annamalai University, Tamilnadu, India. Bystprocess
among different activated carbon produced, thecgffe carbon was chosen for further study.

The milling experiment is conducted in a planetagyl mill (Insmart systems, Hyderabad) [32] choséfective
activated carbon. 25 grams of AC were placed in @bGungsten carbide mixing jar together with 5dsten
carbide milling balls (10mm diameter) and one twegscarbide milling ball (15mm diameter); givingball-to-
powder weight ratio of 10:1. The jars were agitaisthg a high energy planetary ball mill at 300 rfem40 hours.
2 ml of methanol was added as a process controitd§€A) in order to prevent powders sticking te thalls and
the jar walls. The powders becomes hot during ngltherefore it allowed to cool for every 15 mir3[3Finally at
the end of the process the nanosized activatededACNP) was obtained.

2.2 Synthesis of MgO nanoparticles

Magnesium oxide nanoparticles were prepared by cheimical method using magnesium nitrate and sodium
hydroxide as precursors and soluble starch asligtagiagent. Starch (0.1 % concentration) soluticas prepared

in 100 ml of distilled water and Magnesium nitr&e?2 g (0.05 M) was added to the above solutiorenTthe
solution was kept under constant stirring using medig stirrer for complete dissolution of conterfter complete
dissolution, 2g of (0.05M) sodium hydroxide soluati(®?5 ml) was added in drops along the sides ofctivgainer
under constant stirring for 2 hours and allowedséttle for 24 hours. The supernatant liquid was thiscarded
carefully and the remaining solution was centrifig&0,000 rpm at 25°C) for 10 minutes. Centrifugats washed
three times using distilled water to remove the rbgpcts and the excessive starch that bound with th
nanoparticles. After washing, the nanoparticleseweried at 8%C for overnight and then the nanoparticles of
magnesium hydroxide were placed in furnace at 206fQ@ hours. During this process, conversion ofjnesium
hydroxide into magnesium oxide takes place. Thimfohg reaction explains the formation of magnesioride
nanoparticles [34].

2.3. Preparation of MgONP-AC nanoparticles

For impregnation, 50gm of powdered ACNP added @88 ml of MgONP solutions at a concentration of 5@
were stirred vigorously in room temperature for rovght and then cured at 440 for minimum of 2hrs in muffle
furnace. Finally the MgONP-AC was obtained.

2.4 Antibacterial Activity

2.4.1 Determination of zone of inhibition

The Kirby-Bauer test known as the disc diffusiontimé is the most widely used antibiotic susceptipbilest to
determine the zone of inhibition. This test is usedletermine the susceptibility of bacteria tocsfie particle. In
Kirby-Bauer method of determining the sensitivitly liacteria, the test solutions of compounds sucth\@alP,
MgONP, MgONP-AC have been prepared individuallydigsolving a known weight of compounds such as ACNP
MgONP, MgONP-AC into 50% of Dimethyl sulfoxide (DMIB to give a concentration of 250ug/ml. Inoculuns ha
been prepared by mixing the 24hrs old culture décted seven bacteria such &saphylococcus aureus
Escherichia Coli (E.Coli), Klebsiella pneumoniaapfeus mirabilis, salmonella typhi, Pseudomonasugerosa,
Vibrio cholerae with physiological saline in a seven different t@ners individually until the turbidity was
corrected to McFarland standard (i.e.) £(&fu/ml). The mixture of MHA and sterile solutionaw poured in 7
petridishes with surface level of 4-5mm uniformciriess. Allow the agar to solidify at room temperat Apply
the seven inoculum prepared using seven culturadeba such asStaphylococcus aureugscherichia Coli
(E.Coli), Klebsiella pneumoniae, Proteus mirabil&glmonella typhi, Pseudomonas aeruginosa, Vibhiolarae
evenly spread using standard swaps on seven diffddelA plates and kept aside the inoculated plétesfew
minutes in order to dry. The Whatmann filter pagiec dipped in test solutions and plain DMSO solutiave been
placed on all dry plates at equal distance fromcthi@tre point of plates using sterilized forceplse plates were
incubated at 37°C for 24hrs and the area of iribibibf bacterial growth for test solutions and DMS@ution (i.e.)
control against each bacteria were measured frateplvith different bacteria have been recordeiyithaally.

2.4.2Determination of Minimum Inhibitory and Bactericida | Concentration (MIC and MBC):

The MIC and MBC values were determined using Maitutidn broth method. In this method, One ml of
compounds such as ACNP, MgONP, MgONP-AC (1mg/mB imaorporated into 1ml of nutrient broth was déria
diluted to obtain concentration of 1Q@§ml, 500pg/ml, 250pg/ml, 125 pg/ml and 62.5 pgfespectively. 20ul/ml
of the bacterial inoculum was added to each oftéise tubes. The tube without compounds served misatoThe
tubes were incubated at 37°C for 24hrs. The readirege recorded. MIC was recorded as the lowestestdration
of a compound at which no visible growth of bactkisolates occurred after a period of time.
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After the recording of MIC, the culture was transéel from the each test tube containing 3@9énl, 500ug/ml,
250pg/ml, 125 pg/ml and 62.5 pg/ml compounds toMineller- Hinton Agar plate separately for the prese and
absence of growth. After incubation period the Istveoncentration of the compounds that inhibit ¢toenplete
growth of bacterial isolates recorded as MBC.

RESULTS AND DISCUSSION

3.1 TG — DTA Analysis Thermo gravimetric-Differential Thermal Analysis)

The thermal decomposition of mosambi fruit peelvet the following behavior when the temperatur@éseasing
from 100°C to 1000C at a rate of 1T per minute. In TG curve, the dried mosambi fpgel gets decomposed in
three stages and this was shown in fig 2
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Fig 1 Thermal analysis of raw mosambi peel

Fig 1 reveals that the weight loss takes plachratetstages. In the first stage below 200 °C, thighw loss of about
16% takes place due to the elimination moistureterdn In the second stage (200 °C to 360 °C), mawim
devolatisation takes place with a weight loss d@f¢}. This is due to decomposition of hemicelluppgalowed by
degradation of celluloses. In the third stage (38Go 850 °C), a decomposition rate of 18% is olesd which is

due to the degradation of lignin content. Fromfibare 4.1 it is noted that almost 90% of weigtdd have been
takes place between 10Q and 500°C of the activation temperature. Hence, for thecprsor (MosambiPeel) the
optimum activation temperature lies between i0&nd 400C and it may be 350 °C because at this temperature
considerable weight loss were taken place

3.2 Preparation and Optimisation of time and tempeature by Surface Morphology of Activated carbon

The scanning electron microscopy (SEM) techniquenis of the methods to examine the morphologicap@rties

of the prepared AC. In this study, the raw mategitis carbonized and activated at different tentpega (L0F°C-
500 °C) and time periods ranging from (30-120) minufBse SEM photographs of the prepared AC at different
temperatures and time intervals with a constantégpation ratio 1:1 were shown in Fig 2 (a) — éspectively. By
analysing the surface morphology of prepared AGfI®EM photographs, the optimum temperature and fome
the preparation of MPAC were identified. The sanipleeated in a muffle furnace at a rate ofCIOmin. First the
sample is heated from (16Q- 200°C) for a time interval of (30—120) mins. At thisttperature only the surface of
the sample gets heated. By keeping the time intem@nstant, the temperature is increased to °€5he heat
slowly enters into the layers of the sample. At 1@, the outer surface of the sample shows atstibange to
form holes. At 300C and 60 mins time interval the carbonization tgkase, small holes named as the micropores
were formed. Large numbers of micropores were fdrorethe surface of the raw material for the seengperature
but time period is varied up to 120 mins. At lownfgerature, the pore structure mainly consistediofapores. The
sample is partially carbonized but not activated.
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A 188 mm

(c) 350C, 90 mins

(e)450°C, 30 mins

Fig 2(a) - () SEM images of MPAC at different temerature and time period

For 350°C temperature and 60 min time period, slowly therapores starts to expand to form mesopores. The
mesopores were formed due to breakup of the waltkeomicropores. Exactly at 90 mins a well defingatous
structure is obtained. In this stage the sampleoispletely activated. At temp 40C, for a time period of 30
minutes, the mesopore and micropore region combimdgerm macropores. When the time period is iasesl
further full form of definite shape macropores wetdained. In this stage the carbonization processes to an
end. The temperature is further increased to°5by keeping the same time period 30 mins, the opmres starts
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to expand and get collapsed to form a big craker structure. This high temperature affects th@p®structure of
the carbon. At 500C, and 30 mins time period the sample completelystto ash. From this it clearly indicates that
the activating temperature and time had signifiedfeict on the porous structure of AC.

(c) againstKlebsiella pneumoniae

(e) againstsalmonella typhi

(g9) againstVibrio cholera

Fig 3 (a)-(g) Antibacterial activity test results d DMSO, ACNP, MgONP and MgONP-AC against selecteddrterial
strains

Fig 2(a) represents the presence of small holeth@surface of the AC at temperature 260at a period of time
120 mins. Fig 2(b) represents the formation of opores at 300C at time 60 mins. Fig 2(c) represents the
formation of mesopores at 35Q at time 90 mins. Fig 2(d) represents the macepegion at 400C at time 30
mins. Fig 2(e) represents the eroded macroporemedfi 450°C at time 30 mins. Previously the efforts do not go
beyond some primary interpretations of the perforceaof the adsorbents in terms of their texturapprties
(porosity, surface area). More recently, some astliave stated that it will be beneficial to have AC with
sufficient amount of super mesoporosity for theaerted solute adsorption. Hence it is concludetaha result of
SEM analysis the AC prepared at 35Gand at time 90 mins represented in Fig 2(c) \waseffective adsorbent. It
was then converted into ACNP using the planteriodllas described in section 2.1.
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3.3 Antibacterial activity

(a) Kirby-Bauer Method

The experiment was carried out following the prageddescribed in section (2.3.1). The experimers eaaried out
in triplicate and the one disc shows best resulhife was shown in Fig 3(a)-(g).

The above 7 pictures shows the anti bacterialré=stlts againsétaphylococcus aureus, Escherichia Coli (E.Coli),
Klebsiella pneumoniae, Proteus mirabilis, salmoaé}iphi, Pseudomonas aeruginosa, Vibrio choleespectively.
The four discs in each plate represent the actvitplain DMSO solution which act as control (baot)lp ACNP
(left), MgONP (right), and MgONP-AC (top). The réisuof Kirby-Bauer test revealed that the antibaatectivity

of plain DMSO solution was null but other three gaunds exhibited antibacterial activity againstth# seven
bacteria. The result was obtained by measuringahe diameter. The experiment was done triplicatesthe mean
values of zone of inhibition are presented in tdble

Table 1 Zone of Inhibition of ACNP, MgONP and MgONRAC against selected bacterial strains

Bacterial strains Zone diameter of ACNP | Zone diameter of MgONP | Zone diameter of MgONP-AC
(mm) (mm) (mm)

Staphylococcus aureus 15 20 24

Escherichia Coli 15 23 26

Klebsiella pneumoniae 3 20 24

Proteus mirabilis 5 10 15

salmonella typhi 18 23 27

Pseudomonas aeruginoga 19 25 26

Vibrio cholerae 20 24 25

From the table 1, it is noted that the anti-baateaictivity of ACNP showed 20 mm., 19 mm., 18mnbjrin.,
15mm., 5Smmm., 3mm., againgibrio cholera, Pseudomonas aeruginosa, salmortgpai, Staphylococcus aurgus
Escherichia Coli (E.Coli), Proteus mirabilisnd Klebsiella pneumoniaespectively Anti-bacterial activity of
MgONP showed 25, 24, 23, 23, 20, 20, and 10mm agBseudomonas aeruginosa, Vibrio cholera, Escherichia
Coli (E.Coli), salmonella typhi, Staphylococcus eus Klebsiella pneumoniagnd Proteus mirabilisrespectively
Anti-bacterial activity of MgONP-AC showed 27, 286, 25, 24, 24, and 15 mm agairstimonella typhi,
Escherichia Coli (E.Coli), Pseudomonas aeruginodéprio cholera, Staphylococcus aureuKlebsiella
pneumoniaeandProteus mirabilisespectively. These reveal that for all the setbti@cterial strains the compound
MgONP-AC exhibited higher activity than others ghté may due to synergistic effect of compoundsented in
MgONP-AC [35].

(b) Macrodilution broth method

The compounds that were found effective, as antobial agent, were later tested to determine th€ sihd MBC
values for each strain. The MIC is the lowest cairegion of an antimicrobial that inhibits the Wil growth of a
microorganism after overnight incubation [36] ahd MBC is the lowest concentration of antibiotiquized to kill

a particular bacterium [36] [37]. In this study tihiC and MBC values of the prepared ACNP and metal
nanoparticles such as MgONP, AgNP, CuONP, ZnONmagataphylococcus aureus, Escherichia Coli (E.Coli),
Klebsiella pneumoniae, Proteus mirabilis, salmaaéyiphi , Pseudomonas aeruginosa, Vibrio choleespectively
were identified following the procedure describedeéction (2.3.1) and presented in table 2.

Table 2 MIC and MBC values of ACNP, MgONP and MgONPAC against selected bacterial strains

ACNP MgONP MgONP-AC

Bacterial strains| MIC | MBC | MIC | MBC MIC MBC

M) | (M9) | (Mg) | (U9) | (H9) (H9)

Staphylococcus aureus| 125 250 125 125 125 125
Escherichia Coli 125 250 125 125 125 125
Klebsiella pneumoniae | 250 250 125 125 125 125
Proteus mirabilis 250 250 250 250 250 250
salmonella typhi 125 125 125 125 125 125
Pseudomonas aeruginosa 125 125 125 125 125 125
Vibrio cholerae 125 125 125 125 125 125

The Minimum Inhibitory concentration value of ACNFas 125ug againstStaphylococcus aureu&scherichia
Coli (E.Coli), salmonella typhi, Pseudomonas aemngga, and Vibrio choleraeand 25@Qig againstKlebsiella
pneumoniae, Proteus mirabiliSfThe Minimum Bactericidal Concentration value o€WP was 125.g aganist
salmonella typhi, Pseudomonas aeruginosa, Vibriolera and 25@ig aganistStaphylococcus aureugscherichia
Coli (E.Coli), Klebsiella pneumonia@nd Proteus mirabilis The Minimum Inhibitory concentration value ane th
Minimum Bactericidal Concentration value of MgONRdaMgONP-AC were 12%3ug againstStaphylococcus
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aureus Escherichia Coli (E.Coli), Klebsiella pneumoniaglnsonella typhi, Pseudomonas aeruginosa, Vibrio
choleraeand 25@ig againstProteus mirabilis These reveal that the MIC and MBC values do rifférdbetween
MgONP and MgONP-AC. For all the compounds the M@ #BC value lies only on two categories (125ug and
250u9).

CONCLUSION

From this study, it is clear that Sulphuric acidiistrong activating agent which reacts with thesanabi fruit peel

to produce a well developed porous structured aietel carbon. The characteristic study revealsthigatnosambi
fruit peel is a suitable raw material for preparpayous carbons at the temperature range betwearid 400°C.
The efficient activated carbon was obtained atoiimum temperature 3%0 and the optimum time of 90 minutes
and it was identified by studying surface morphglagf activated carbon using SEM analysis. Then @#sw
converted into ACNP. The nanoparticles such as MBGIdd MgONP-AC were also synthesized. All the three
compounds exhibits antibacterial activity againstested bacterial strains such &saphylococcus aureus,
Escherichia Coli (E.Coli), Klebsiella pneumoniagpfeus mirabilis, salmonella typhi , Pseudomonasigmosa,
Vibrio choleraeand against all the bacterial strains the compdg@®NP-AC exhibited higher activity than others.
The MIC and MBC values do not differ between MgOail MgONP-AC. For all the compounds the MIC and
MBC value lies only on two categories (125ug an@i&5. Hence it is suggested that instead of usig®@MP as
antibacterial agent individually they can be usgdnippregnating into ACNP in order to enhance tlediectiveness
and to reduce their adverse effects.
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