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Abstract. The present study was conducted to investigate surface properties of turmeric in order to evaluate
its detoxification potential and ability to sequester toxic metals ions. Scanning Electron Microscopy (SEM),
Energy Dispersion Spectroscopy (EDS), Infra-Red (IR) spectroscopy and potentiometric titrations were
employed for characterisation of the surface of turmeric powder. Spectroscopic studies revealed that the
surface of turmeric powder was porous mainly composed of polymeric -OH , -NH , -CH, , -COO and
-OH groups of polysaccharides. From potentiometric titrations and modelling of batch titration data, it was
found that surface of the turmeric contains at least four binding sites with pKa values 3.56 (pK,), 4.83
(pK,), 7.68 (pK;) and 10.4 (pK,). Turmeric powder contains highest concentration of amino and hydroxyl
groups for the pK, values i.e., 0.55 mmol/ g. The total binding sites concentration for turmeric powder

was 1.2 mmol/ g.
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Introduction

Rapid increase in industrialisation, population growth
and urbanisation has largely contributed to abundance
of heavy metals in drinking water, air and soil. In many
developing countries, agricultural land is often irrigated
with raw sewage (Farrag ef al., 2016; Meng et al., 2016;
Yousaf et al., 2016) . Industrial and domestic sewage
is also disposed of into fresh water systems to be used
to irrigate agricultural land. In Pakistan, untreated
sewage and industrial water is commonly used for the
cultivation of vegetables around the urban areas of
Pakistan (Shakir ef al., 2017; Khan et al., 2016; Uzma
et al., 2016). Thus, food is one of the key sources of
toxic metals intake by human beings.

The practice of using certain plants or their parts as
natural chelates for detoxification of living organisms
is quite topical. Scientists from USA, India, Pakistan,
China, France and others explored the properties of
local food and plants for detoxification. Such are the
cumin, turmeric, garlic, tea and others (Chang et al.,
2012; El-Ashmawy et al., 2006; Wong and Kitts, 2006
by Komy, 2004). There are several herbs that are
considered useful in the elimination of heavy metals.
Inclusion of high sulphur foods such as asparagus,
onions, garlic, legumes and eggs in diet assist the body
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in preventing uptake and retention of many toxic metals.
Apples pectin binds most toxic metals and removes
them from the body (Kartel e al,, 1999).

Plant derived materials consisting largely of polysac-
charides, proteins and lipids have a broad range of
functional groups, which can sequester metal ions e.g.,
hydroxyl, carboxylate, amino and sulphate groups etc.
(Lesmana et al., 2009; Choi and Yun, 2006). Besides
these functional groups, polysaccharides also exhibit
ion exchange affinities (Nasernejad et al.,, 2005;
Zouboulis et al., 1999; Sag and Veglio et al., 1997;
Kutsal, 1996). Diversity of functional groups on their
surface makes them act as natural chelates and their
binding properties may be associated with their chemical
heterogeneity.

Turmeric is widely used as a spice, colouring agent,
preservative, cosmetic and as medicinal herb in
traditional medicine systems (Unani, Ayurveda, Sidha
and Tibetan) as studied by Remadevi and Ravindran
(2007) and Eigner and Scholz (1999). The primary
colouring pigment of turmeric i.e., curcumin is used as
a food colour in spices, cheese, mustard, potato flakes,
cereals, pickles, soups, yogurt, ice creams, etc., in Asiatic
and Western cuisines . Studies have indicated that
turmeric is non-toxic to humans even upon taking 8000
mg/ day taken continuously (Cheng et at., 2001).



Because of the presence of curcuminoids, proteins and
carbohydrates, turmeric powder provides a variety of
binding sites for metal ions and acts as a natural chelate
(Qayoom and Kazmi, 2012; Qayoom Amtul et al.,
2009). The attraction depends on the surface constitution,
type and number of ligand groups and their affinity for
particular metals. The physical and chemical charac-
teristic of turmeric is important to interpret interaction
between turmeric surface and metal ions. Recently
various studies have been conducted to investigate
isolation and characterisation of turmeric constituents
and their therapeutic potential and its role as detoxifying
agent but no studies have been conducted to explore
relationship between surface properties of turmeric and
its detoxifying abilities (El-Barbary, 2016; Harsha et
al., 2016; Sun et al., 2016) . Present research work was
aimed to investigate surface properties of turmeric
powder in order to evaluate its potential as a natural
chelate for Cu(Il) and Cd(II) from their aqueous
solutions. SEM-EDS and IR analysis were carried out
to study changes in morphology and identification of
functional groups involved in Cu(Il) and Cd(II) binding
onto turmeric powder surface. Potentiometric titration
data of turmeric suspensions was modelled using
modelling programme ProtoFit to determine surface
dissociation constants and metal binding site
concentration.

Materials and Methods

Adsorbate stock solutions of copper(Il) and cadmium(II)
were prepared by dissolving 0.617 g Cd(NO,),"4H,0
and 0.50 g CuSO,.5H,0 per liter of deionised water.
Dilute solutions of different working concentrations of
Cu(Il) and Cd(II) were prepared from their stock
solutions. Adsorption experiments were conducted as
follows: Accurately weighed turmeric powder (0.500
+ 0.001g) was added to the 50.0 mL metal solution to
obtain suspension. The suspension was adjusted to pH
6 for Cu(Il) and pH 7 for Cd(II) by adding required
volume of 0.1M HNO, and NaOH solutions. Both
suspensions were stirred at a constant speed at
temperatures 310 K for 60 min. The contents were then
suction filtered through filter paper, Whatman no. 1 and
air dried overnight at room temperature.

SEM-EDS Studies. The morphology of the turmeric
powder before and after Cu(Il) and Cd(II) binding was
investigated by using Scanning Electron Microscope
(JSM5910, JEOL, Japan) EDS detector (INCA200/
Oxford Instruments, UK). EDS analysis was employed
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to confirm the identification of metal ions present on
sample surface.

IR studies. Turmeric powder samples prior and after
treating with Cu(II) and Cd(II) solution were dried
overnight at room temperature to avoid any moisture
retained which could interfere with analysis of hydroxyl
groups on the surface. The samples were ground and
mixed well with KBr and then compressed in the disc.
The discs were scanned through a wavelength range
from 500 to 4000cm™ into transmission mode using IR
spectrometer (Bruker Vector 22 19300). IR spectra of
control, Cu(Il) and Cd(I) treated turmeric powder were
recorded.

Potentiometric studies. Turmeric powder suspension
was prepared having solid-to-liquid ratio of 10 g/ L in
inert electrolyte concentrations of 0.1 M NaNO,. The
suspension was stirred for one hour to reach the
equilibrium. The potentiometric titration was conducted
by adding a known concentration of HCI to turmeric
powder suspension to decrease the initial pH and then
titrating with standardized solutions of NaOH. The pH
of the suspension solution was recorded after each titrant
addition by pH-meter calibrated with pH 4 and pH 7
buffers. Each sample was also conducted in blank.
Triplicate measurements were made to ensure the
reproducibility.

Experimental data obtained from potentiometric titration
of turmeric powder suspension were normalized as
surface charge (QH, mmol/ g) concentration versus
suspension pH.

Qy values were calculated according to the following
charge balance equation (Pagnanelli ef al., 2005).

Qez " [s7]=C CAI;[ H+] [OH™ )V 0
where:

S;(mmol/g) = concentration of dissociated form of
generic S; sites in turmeric; Cg (mmol/L) and CA
(mmol/L) = the base and acid concentrations,
respectively after each addition; V (L) = the total
suspension volume after each addition of titrant; H*
(mmol/L) = protons concentration in the solution
obtained by potentiometric measurements; OH™
(mmol/L) is estimated by taking into account water
dissociation constant and m (g) = amount of turmeric
powder. ProtoFit is modelling software designed to
calculate surface protonation constants and concentration
of binding sites from titration data.
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Computational methods. Logger Pro 3.8.2 software
was used to record the titration data on Pentium IV
computer. This data allowed the qualitative and
quantitative determination of acidic sites of turmeric
surface. The modeling program ProtoFit version 2.0
was employed to fit the titration data to theoretical non-
electrostatic proton binding model curve. Potentiometric
titration data was used to estimate types of functional
groups responsible for the observed buffering capacities,
their associated proton binding constants as well as
their concentrations on turmeric surface.

Surface protonation model (Background). A given
surface may contain a number of functional groups,
each with its own site concentration. These binding
sites present on surfaces are capable of accepting or
releasing proton from/to the solution. These binding
sites could be acidic, basic or amphoteric depending
upon protonation/deprotonation reactions taking place.
Acidic sites are those that change from neutral to
negatively charged with increasing pH and basic sites
take on positive charge with decreasing pH and are
neutral at higher pH conditions (Pan ef al., 2007)

=SH°2=S +H' (2)

=SH 2=SH°+H" (3)

where:

= S represents binding site present on the surface; in
Eq. (2) = SH® exhibits acidic behaviour, releasing a
proton and in Eq. (3) = SH® acts as a basic site and
absorbs proton. If a surface is capable of exhibiting
both behaviours, it is amphoteric. The equilibrium mass
action for Eq. (2) and (3) are:

=S }ayr Fy
ESh ot @
{= SH°} RT

= SHe}a,+ Fy
& =K, exp 9 Q)
{(=SH,} RT

constrained by mass balance expression
{=SH}ow={=SH} + {=S"} + {=SH;} (6)

where:

{ } denotes the concentrations in mol/L of solution,
a,+ refers to the thermodynamic activity of H*, F
represents Faraday’s constant, K, and K, are equilibrium

constants, and T is absolute temperature (Van Cappellen
et al., 1993). The surface potential, ¥ is a function of
surface charge, 6. The aim of surface protonation
constants determination is to determine values of K,
and/or K, and {= SH} _ for each discrete surface site
as required by the given model.

Determination of the buffer value. Following proton
mass balance equation is the basis for the ProtoFit
approach for a system with zero solution alkalinity.
(Turner and Fein, 2006).

ANy, otali = Ang+ + Angraasi (7)

> water,i
where:

Any+ is the mole of protons added to the system as a
whole (total), water and turmeric surface from the start
to step. Surface proton buffering function (Q"as ) is the
measure of pH dependency of the ability of surface to
buffer solution pH and can be calculated using An,+ .,
as follows:

Ang,45 (8)

Qads = S

where:
S is the mass of turmeric powder.

N dQ ads (9)

Qads e —

dpH

In order to optimize model constants ProtoFit minimizes
weighed sum of square difference i.e., SS* between
(Qawand (F'ass) (model proton buffering function). The
optimization continues to adjust the model constants
until the value of SS* reaches at a minimum.

Results and Discussion

SEM-EDS. Scanning electron micrographs of unloaded,
Cu(II) loaded and Cd(II) loaded turmeric powder are
shown in Fig. 1. It can be observed that turmeric powder
has significant numbers of pores, where metal ions can
be trapped and adsorbed. A distinct change in surface
morphology of turmeric powder was observed after
binding of copper and cadmium. The peaks of carbon,
nitrogen and oxygen were recorded in EDS spectra
showing the presence of these elements in the turmeric
powder as main constituents. EDS spectra of copper
(IT) and cadmium (II) adsorbed turmeric showed the
peaks of copper and cadmium in addition to those
recorded in the turmeric powder.



IR Studies. IR study was carried out to determine
functional groups involved in Cu(Il) and Cd(II) binding
onto turmeric powder surface. The IR spectra of control,
Cu(Il) and Cd(II) treated turmeric are shown in
Fig. 2-4, respectively and salient peaks of control and
metal loaded turmeric powder samples are compared
in Table 1.
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Fig 1. Scanning electron micrographs of unloaded,
Cu(II) and Cd(IT) loaded turmeric powder.

IR spectra showed that surface of turmeric powder is
primarily comprised of polymeric OH, NH, CH, and
COO groups, and OH groups. Hydroxyl groups originate
basically from polysaccharides; carboxyl groups can
be associated with proteins whereas amino groups are
mostly present in proteins. All these groups have been
known for their affinity for heavy metal chelation
(Anayurt et al., 2009; Al-Degs et al., 2006).

The IR spectra of metal treated turmeric powder showed
slight changes in the absorption peak frequencies. The

Table 1. Comparison of Infrared band in the region of
3500-500 cm-!

Functional groups unloaded Cd-loaded Cu-loaded

turmeric turmeric  turmeric
powder powder  powder
cm-!
O-H and N-H stretching 3408 3424 3419
-CH stretching 2924.6 2925.6 2924.5
>C=N-, >C=C-, C=O0 stretch 1631.2 16313 1634.5
to N-H bending (cis form),
—CH, scissoring or —-CH; anti
symmetrical bending vibration 1429.5 1432 1427
and O-H deformation
C(=0)O~ symmetric stretching ~ 1375.7  1380.7 1383.2
The (C=0)-O-stretching vibration,
—OH in-plane deformation 12623  1274.4 1271.4
Stretching vibration of C-O-C 1160.2  1162.1 1162.1
Stretching vibration of OH 1031.5 1032.7 1031.0
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Fig. 2. IR spectra of unloaded turmeric powder.
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Fig. 3. IR Spectra of Cu(Il) loaded turmeric powder.
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Fig. 4 IR Spectra of Cd(II) loaded turmeric powder

absorbance of most of the peaks in Cu(Il) and Cd(II)
treated turmeric powder is slightly shifted to higher
frequencies. This shift in the absorbance indicated that
surface of the turmeric powder was capable of interacting
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and binding metal ions. Changes in the spectra of loaded
turmeric powder are attributed to the interaction of
Cu(II) and Cd(II) with the hydroxyl, carboxyl and amino
groups on the turmeric surface. The broadness of the
O-H and N-H stretching band decreased in spectra of
Cu(Il) and Cd(II) loaded turmeric powder. This may
be due to decrease in H-O-H interaction. No change
was observed in the frequency of C—H group after
treating with Cu(Il) and Cd(II) ions. This showed that
C—H group is not involved in the binding of Cu(Il) and

Volume of base

Cd(II) ions. oH 12
Potentiometric titration. A typical titration curve e Titre_mL — Sim_mL

exhibiting that turmeric powder provides considerable

buffering capacity over a wide pH range is presented Fig. 5. Raw titration data compared with model

simulation for 1g/100 mL suspension of
turmeric powder in inert electrolyte concen-
trations of 0.1M NaNO,,.

in Fig. 5. This observed buffering is due to the
protonation and deprotonation of functional groups
present on the surface of the turmeric powder.

Point of Zero Charge (PZC) is defined as the pH value
at which surface charge becomes equal to zero i.e.,
electrically neutral surface.

sum of squares value, SS* (smaller values reflect better
fits), represents the goodness of the fit. ProtoFit continues
to adjust the values of model constants until the value
— - of SS* reaches at a minimum. The best fit was achieved
VH -\ oH=0 (1) . " o v
by using a non-electrostatic four acidic sites model in

The value of PZC obtained from the x-intercept of Q,, ProtoFit (Fig. 7). Hence, four different acidity constants

versus pH plot (Fig. 6) was found to be 8.1. Thus at
pH>8.1 turmeric powder surface became increasingly 0.81

negatively charged and at pH below 8.1, the surface 05

became increasingly positive charged. The existence '

of PZC indicated that the turmeric suspension developed 041

a net positive charge at low pH values, indicating the 10-2'

presence of at least one positively ionizing, plausibly 0 T T T y T )
amino group. Those surfaces which only contain 0.2 2 4 6 8 0 12
negatively ionizing groups such as carboxyl, hydroxyl 04l

and phosphoryl groups could not develop a net positive o6

charge at low pH. Active sites in the acidic pH range ' pH

are usually carboxyl groups whereas active sites in the

basic pH range are chiefly amine and phenolic groups. Fig. 6. Surface charge (Q,, mmol/ g) versus pH of

1g/100 mL turmeric powder suspension in
MOdeling results. The results obtained after ProtoFit inert electrolyte concentrations of 0.1M

optimizations are summarized in Table 2. Weighed NaNO;,.

Table. 2. Acidity constants and binding site concentrations (mmol/g) calculated by Protofit using the four site

1 1 2 2 3 3 4 4 total

3.56 0.35 4.83 0.16 7.68 0.15 10.4 0.55 1.2 7.23
29.16% 13.33% 12.5% 45.88%




were obtained: 3.56 (pK,), 4.83 (pK,), 7.68 (pK;) and
10.4 (pK,). pK, can be associated to strong carboxyl
group attached to aromatic structures. pK, can be due
to weak carboxyl group associated with aliphatic chains.
pK; can be attributed to very weak phenolic groups and
pK, can be ascribed to amino and/or hydroxyl group,
respectively (Merdy et al., 2009; Reddad ef al., 2002).
Turmeric powder has highest concentration of amino
and hydroxyl groups for the estimated pK, values i.e.,
0.55 mmol/ g. The main parameter concerns the total
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Fig. 7. Qs function compared with model predi-
ctions for 1g/100 mL suspension of turmeric
powder in inert electrolyte concentrations
of 0.1M NaNO,.

binding site concentration (or buffering capacity). The
total site concentration for turmeric powder was 1.2
mmol/ g.

It was found that the chelation of Cu(II) and Cd(II)
strongly depends upon pH of the solution and surface
speciation of the turmeric powder. At low pH values,
functional groups present on the turmeric surface are
fully protonated and metal ion chelation is negligible.
On increasing pH, the functional groups gradually
deprotonate, forming negatively charged metal binding
sites which result in increasing Cu(Il) and Cd(II)
chelation.

Conclusion

In the present study, surface properties of turmeric
powder were examined by spectroscopic techniques
and potentiometric titrations. Spectroscopic studies
revealed that the surface of turmeric powder was porous
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mainly composed of polymeric -OH, -NH, -CH,, -COO
and -OH groups of polysaccharides. It was found that
surface of the turmeric contains at least four binding
sites i.e., strong carboxyl group attached to aromatic
structures, weak carboxyl group associated with aliphatic
chains, very weak phenolic groups and amino and/or
hydroxyl group, respectively. Turmeric powder contains
highest concentration of amino and hydroxyl groups.
Presence of these binding sites on turmeric surface
makes it appropriate chelating agent for ingested toxic
metals.
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