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ABSTRACT

The efficacy of herbal plantMahkota Dewa (Phaleria macrocarpa) fruit namely seed and fleshas an alternative low
cost biosorbents for the removal of Cd(Il) ions fromaqueous solution was investigated. Batch biosorption studies
were carried out to evaluate the effects of solution of pH, initial Cd(Il) ion concentration, contact time
andbi osorbent mass on biosorption capacity. The optimum biosorption condition was found at pH 6,0 for both seed
and flesh. Initial concentration at 3,000 mg/L, contact time 30 min for flesh and 45 min for seed and 0.1 g
biosorbent dose for both seed and flesh of mahkota dewa herbal plant. The biosorption data were fitted to the
Langmuir isotherm, The maximum biosorption capacities (Q) estimated from Langmuir isotherm model for Cd(ll)
ion were 21.4592 mg/g and 24.7629 mg/g for seed and flesh of mahkota dewa, respectively. Cd(Il) ion
concentrations were measured by using Atomic Absorption Spectroscopy detection, while the characterisation
studies were performed using Scanning Electron Microscope (SEM) and Fourier Transform Infra Red pectroscopy
(FT-IR). Interaction of Cd(l1) ion with the funtional groups of seed and flesh of mahkota dewaled to the formation of
discrete aggregates on the biosorbents surface. Indicated the Cd(I1) ion bond to the active sites of the biosorbent of
mahkota dewa through either electrostatics attraction.

Key words. Biosorption; MahkotadewaPfaleriamacrocarp) fruit; Cd(ll) ion;Biosorption capacity. Electragics
interaction.

INTRODUCTION

The increasing concentration of heavy metals irewhas become a major issues all over the worlchuse heavy
metals concentration in water often exceed the sithiai value. Heavy metalsis a serious problem l#dtb some
environmental problemsand human health issues.[I@jic metals could contaminate surface and undergl

water as a life source of humans, plants, animats aguatic biota. This causes heavy metals founseireral

waters, food chains, accumulate in the body aretaffealth [3,4]. Cadmium and other heavy metascammonly
used in various industries. Cadmium is a non-esdemtetal for human life and could give severe dgen&o

health[5,6].

Biosorption is a process that provides the remo¥dleavy metal ions by living or dead biomass. Thiethod has
been developed for an easy, environmentally frigaaid utilize agricultural waste as a low cost bibgnt [2-8].
Mahkota Dewa Rhaleria macrocaropa) is a traditional medicinal plants in Indonesia arsgd to cure various
diseases [9-11], its secondary metabolites cambsidered as potensial candidates for heavy mésalrption. Lots
of materials have been studied as heavy metal®thiestsuch ag\nnona muricata L. seeds [7,12,13].ansium
domesticum Corr fruit peels [14] and seeds [15], EggshelB][Peanut shells[17], Coconut corr [18], rice h{s)]
and others.

The aim of the present work was to investigatepibitential ofmahkota dew#laleria macrocaropa) herbal plantas
an antidote for the cadmium toxicity to human Healt

189



Edison Munaf et al J. Chem. Pharm. Res,, 2015, 7(7):189-196

EXPERIMENTAL SECTION

Chemicals and Equipments

All chemical used in this experiment namely ZnS®,0, Cd (CHCO,),.2H,0, HNG;, NaOH, HCI, CHCOOH,
CH;COONa, NHOH and NHCI are analytical grade and obtained from E-MerGlerfnany) unless other wise
noted. Distilated water are obtained from laboratorade. A cruiser, Mortal grinding, pH meters, gtial
balance, rotary shaker, AAS (spectraAA-240 VARIANDven, FTIR (NICOLET is10), SEM were used in this
experiment.Herbal plant ofMahkota Dewa fruits weodlected from home garden in Padang City, West &ran
Indonesia.

Preparation of Biosorbent

MahkotaDewafruit of herbal plant was collected frbome garden in Padang city, West Sumatra, Indangséie
fruit of mahkota dewa was then washed with watel ware separated between seed and flesh. Thenatriedm
temperature, and smoothed by using a cruiser to fmwder.Powder sieved to 450 um and soaked with @ol/L

HNO; for two hours, filtered then rinsed with distill@gater until neutral. The biosorbent were dried esatly to be
used.

Batch Adsorption

Powder of seed and flesh of mahkota dewa biosodvastentered into 10 mL solution containing Cdighs, and
stirred using a shaker for several minutes. Theeenpents were conducted by varying pH solutionfidhi
concentration, contact time, biosorbentmass antifgetemperature of biosorbent.

Data Analysis
To determine the amount of Cd(ll) ion adsorbed ahkbta Dewa seeds and flesh, the formula used is:

Co-C
=2 =xv

Qe =
where G is the initial concentration of metal ions (mg/lQs, final concentration at equilibrium state (mg/h),
biosorbent mass(g) ands volume solution (L).

RESULTSAND DISCUSSION

Effect of pH solution

pH solution plays an important rolein the biosarptiprocess. This parameter affects the chemicgiepties of
heavy metals and the ability of biosorbent to aldsoetal ions [5]. Fig.1 shows the effect of pH siolu for the
adsorption ofCd(ll) ions by seeds and flesh of notdkdewa fruitinthe pH range 3-8.

The net charges of present on the surface of segdlesh of biosorbent surface, greatly dependhenintial pH.
This is perhaps the most important prameter inflimnthe effect of solution of pH on the biosorptiprocess of
Cd(ll) ions. The results in Fig.1 indicate, for baéteed and flesh of mahkota dewa fruit was indffecat pH< 3. At
the pH 3 to 6, can reasonably be ascribed to aedsed H concentration in the solution and consequently
increasing the number of negative charge on theoblient surface, Thi situation automaticallyinciegsthe
electrostatic attraction and sorption of positiveharge Cd(lIl) ions and then increased the ammafnnetals ion
sorbed [20]. At the pH > 6 precipitation of insdeithydroxides of Cd(ll) ion was occured in the $io.This
optimum pH value = 6 was used in all the furthepesiments carried out to explore the effects of dhiger
operating variable.

Effect of Initial Concentration

Kinetics of Cd(ll) ion sorption onto seed and flesh mahkota dewa fruit was investigated at differenrtial
concentration of Cd(ll) ions, ranging up to 4,008/Im Adsorption capacity increased by the incregofimetal
ions concentration up to 3,000mg/L as shown in Biglts high amount of metal ions adsorptionwerased by
several factors such as the collision between temlnions with the metal surface and the abilitydiiduse on the
biosorbentsurface.This high capacity is due toahailability of active sites on the biosorbent aod, when the
number of active sites is greater than the metad axsorbed, the adsorption capacity will increase the amount
of the active site is equal with the number of Qdidns, decreasing occurred after the equilibriigmreached
[19].High intial metal concentration accelerate thiving force and reduce the mass transfer @sigt. From the
resultsin Fig. 2, indicate that seed of biosorbemaving a high sorption capacity compare with tlesH of
biosorbent
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Effect of contact time

Adsorption capacity of the metal ions were studiedh function of contact time for 4520 min range.Fig3shows
that the optimum condition of the metal ion adsorpbf Cd(ll) ions byseedsof mahkota dewa fruit easained at
the contact time of 30 min and tend to decreasik 12 min, while for the flesh biosorbent obtaiatthe contact
time of 45 min. This shows that the uptake of Qd@ihsby seed faster than by flesh.

Effect of Biosor bentdosage

The bisorption capacity for a given intial concetitbn of adsorbate was defined by bioserbent dosalgieh was
one of significance parameters. The effect of seetiflesh dosage of mahkota dewa fruit was exantiiyedarying
dosage at the range from 0.1 to 1.0 g. The resutisown in Fig. 4. This experiment shows thatltiesorbent mass
which can bind maximum metal ions for both seed #sh biosorbents are 0.1 g. The decreasingofrptisn
capacity were caused by the saturation and paititdeactions such as aggregation by an increasitjosorbent
mass [19].

Adsor ption I sotherm
Langmuir adsorption isotherms model were studiedhfprevious initial concentration of Cd(Il)ions aslkown in
Fig. 5. The adsorption isotherm describes the m®oéadsorption of molecules distributed betwesid phase and
liquid phase when adsorption reached the equilibraind used to describe the interaction betweemttal ions
with biosorbent [14].

The adsorption of metal ions bymahkota dewa seedsfleshtend to follow Langmuir isotherm models hwit
determination coefficient for Cd(ll) ions is 0.98#6 seed and 0.9532 for flesh biosorbents. Thilicates that the
for both biosorbents, adsorption process occus omogeneous surface with a monolayer adsorptemial
adsorption is explained by the interaction betwienactive adsorbent with adsorbate involving cleairionds, so
the Langmuir isotherm models explain the processhemical biosorption [8].

However, based on the value ofN in Freundlich isoth models, it can also be said that the adsormifonoth
biosorbent shows fisisorptionprocess, becausesitahealue of N > 1. The value of N indicates thgrde of non-
linear between solution concentration and adsanptidhereN = 1, is the linear adsorption, N<1,adsonpthrough
chemical processes and N > 1 adsorption throughipdlyprocess [20].

Fourier Transform InfraRed (FTIR) spectroscopy Analysis

FTIR analysis of Mahkota Dewa seeds were showrign@ Strong and dense ribbon at 3500-3200 shows the
OH strecth group resulted by inter and intramolachldrogen bonds of alcohols, phenols and carboagid [21].
Adsorption band at 3000-2850 ¢mere assigned to be of-@ strecthwhile C = O strecth wereshownat 1760-1690
cm. Band at 1500-1400 chis a group of EC strecth or EH bend. €O Strecth functional groups ane-& rock
encountered at wave number 1320-1000"c@®pectrum (a), (b) and (c) shows the adsorptiomd bshift and
indicates the change of functional groups with ietas. The results of the same study also takeepta the use of
metal ion adsorptiont#nnona muricata L. by M.I. Kurniawan [11].

Scanning Electron Micrograph (SEM) Analysis

The surface morphology of the biosorbents befork after Cd(Il) ion adsorption by seed and flesh whserved

using SEM analysis. There are significant changethé surface morphology of the biosorbent, as waslithe

formation of discrete aggregates on their surfateofving Cd(ll) ions adsorption. The SEM imagesseéd and
flesh before and after Cd(ll) ions sorption at D,60magnification are shon in Fig. 7. As preserite#fig. 7 seed
displayed a dense and porous surface texture ke interaction off seed with Cd(ll) has resulite¢he formation

of flake-like deposits on its surface (Fig. 7 ani®anwhile, cube like deposits were observed erstinface of seed
after Cd(ll) ion sorption. Flesh had a smooth amtsé surface texture.Ineraction with Cd(ll) ion rades the

surface morphology of flesh texture.
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Fig. 1. Effect of solution of pH on the biosor ption capacity of Cd(I1) ions on seed (o) and flesh (e). Experimental condition: Initial
concentration = 10 mg/L, biosorbent dose=0.1 g, stirring speed = 200 rpm and contact time =15 min
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Fig. 2. Effect of initial concentration on the biosor ption capacity of Cd(I1) ion on seed (o) and flesh (e). Experimental condition: solution
of pH =6, biosorbent dose=0.1 g, stirring speed =200 rpm and contact time =15 min
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Fig. 3. Effect of contact time on the biosor ption capacity of Cd(l1) ion on seed (o) and flesh (e). Experimental condition: Cd(Il) ion
concentration = 3000 mg/L, solution of pH solution = 6, biosor bent dose = 0.1 g and stirring speed = 200 rpm
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Fig. 4. Effect of biosorbent dose on the biosor ption capacity of Cd(I1) ion on seed (o) and flesh (o). Experimental condition: solution of
pH = 6, initial concentration =3000 mg/L and contact time =30 min

193



Edison Munaf et al

J. Chem. Pharm. Res,, 2015, 7(7):189-196

~
o

B o )]
o o o

w
o

Cel/Qe (g/L)
III|IIII|IIII|IIII|IIII

N
o

=
o

u]

—0— Seed

1000

Fig. 5. Langmuir isotherm model for Cd ion biosorption on on seed (o) and flesh (e)
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Fig. 6. FT-IR spectrum of Mahkota dewa seed powder
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Fig. 7. Scanning electron microscope of seed (above) and flesh (below) of Phaleria macrocarpabefor e (A) and after Cd ion sorption.
M agnification 1,000 times

CONCLUSION

Based on this research, it can be conclude thathénbal plant of mahkota dewa fruit either seatl flesh can be
used to adsorp Cd(ll) ion present in sample eith@vater and organ sample. Therefore it is a p@khéerbal plant
to adsorp Cd(ll) ion in case of Cd(ll) ions presienmolecular of animal organ.
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