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ABSTRACT

The adsorption of the calyx extract of Hibiscus sabdariffa L. (a natural pigment) onto cassava
starch (CS) was evaluated in order to develop a simple and efficient process of separation and to
obtain a biocomposite with antioxidant properties. The diffusion mechanism of anthocyanin on
the adsorbent was analyzed, considering pH, contact time and adsorbent dosage. Dye adsorption
equilibrium was reached after 12 h of contact time, and it was described by the pseudo-second-
order kinetic and intra-particle diffusion models. Adsorption equilibrium data were treated with
Langmuir, Temkin and Freundlich adsorption isotherms models over the entire adsorbent dosage
from 0.1 to 2.0 g. The adsorbent used was characterized by surface acidity, point of zero charge,
Fourier-transform infrared spectroscopy and scanning electron microscopy before and after the
adsorption of anthocyanins. The content of anthocyanins in the cassava starch was 1.3 + 04 mg g
This study is useful to evaluate the industrial production of a biocomposite rich in antioxidants

and the potential application of anthocyanin as a pigment in the food.
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1. Introduction

The food and cosmetic industries use many toxic syn-
thetic dyes and in recent years there is a growing interest in
natural dyes because they are less toxic, non-carcinogenic,
non-poisonous and environment friendly. The natural dyes
are obtained from plants, animals and minerals, and have
different colors like red, yellow, blue, black, brown and
a combination of them [1-4]. Some plants can be used as
additives due to their color and antioxidant properties.
Hibiscus sabdariffa L. (Roselle) is a natural dye source, the
calyces have an intense red color and are a source of natural

* Corresponding author.

anthocyanins. The anthocyanins are some of the most used
natural food additives due to their antioxidant action and
intense color.

The extraction of anthocyanins can be tedious with a
high cost, low efficiency and longtime extraction. Technical
knowledge helps to reduce costs and improve efficiency
so that research has been conducted for anthocyanins
purification by different processes like using high carbon
dioxide pressure and water as solvent [5]; liquid chroma-
tography using water/ethanol/formic acid mixture circulat-
ing in a closed-loop system [6] and an aqueous two-phase
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system [7]. Anthocyanin was obtained with high purity by
these processes, however, the extraction using CO, requires
high pressures, produces a high percentage of waste and it
is not viable at the pilot-scale because of the complexity of
the system.

The adsorption may be a viable alternative because it
is environmentally friendly and cost-effective. Previous
studies have used different adsorbents for the separation of
anthocyanins from liquid extracts: mesoporous silica con-
taining small amounts of aluminum and iron, synthetic lay-
ered silicate, chitosan films, macroporous resins, amberlite,
activated charcoal, and bentonite [8-12].

Starch is a biopolymer and is present in living plants as
energy storage material. Most starches contain only a single
type of carbohydrate (glucose) and form two polymer chains,
a linear chain molecule (amylose) and a branched polymer
of glucose (amylopectin) [13]. The high level of amylopec-
tin on starch may help with the adsorption of anthocyanins.
Starch can be obtained from the roots of the cassava plant.
Cassava starch is different from other starches due to its low
level of residual materials, its amylose content is lower than
other amylose-containing starches, and contains high molec-
ular weights of amylose and amylopectin. The food industry
generally uses tapioca starch as a thickener and stabilizer.
The non-contribution of flavor in food systems, starches
allow the complete and immediate retention of the flavor of
the food itself.

The aim of this work was to extract anthocyanin pig-
ments from the calyx extract of Hibiscus sabdariffa L. in
aqueous solution and its separation by adsorption onto
cassava starch. The determination of the physicochemical
interactions can be used to evaluate the industrial produc-
tion of a biocomposite rich in antioxidants and the possible
application of anthocyanin as a pigment in the food.

2. Materials and methods
2.1. Materials

Tapioca pearls were used as cassava starch (Manihot
esculenta Crantz), pearls, and hibiscus flowers (Hibiscus sab-
dariffa L.) were obtained from the local market.

2.2. Extract of hibiscus flowers

The hibiscus flowers were oven-dried and pulverized.
The hibiscus flower extract (HFE) was obtained as follows:
1 g of hibiscus flower powder and 100 mL of distilled water
was heated at 60°C for 1 h. The mixture was filtered, cooled at
room temperature and kept at 4°C in dark until further use.

2.3. Characterization
2.3.1. Point of zero charge (PZC)

The point of zero charge of the cassava starch (CS) was
determined by the following process [14,15]: 50 mL aliquots
of a 0.1 M sodium chloride solution were placed in different
flasks and their pH was adjusted to values within 4-10 range
through the addition of 0.1 M HCI or NaOH solutions, then
1 g of cassava starch was added to each flask and the mix-
tures were left for 24 h with continuous stirring at 100 rpm.

Finally, the pH was measured and pH,,. was graphically
determined as the point at which the pH variation against
initial pH crosses the line at which its value is zero.

2.3.2. Acidity and basicity of the surface

Both the surface acidity and basicity of CS were deter-
mined by a titration method reported by Moreno-Castilla et
al. [16]. CS was washed several times with distilled water and
then dried at 100°C for 24 h.

Acidity or basicity of CS surface was determined as fol-
lows: 1 g of the adsorbent and 50 mL of 0.1 N of NaOH or
HClI solutions were shaken at 30°C for 5 d using an automatic
shaker. The mixtures were filtered and then back-titrated
with a 0.1 N HCl or NaOH solution. The concentrations
of acidic and basic groups on the surface were calculated
and expressed as eq g™

2.3.3. Scanning electron microscopy

In order to investigate the morphology of the material,
the samples were mounted directly on the holders and then
observed at 10 and 20 kV in a JEOL JSM-5900-LD electron
microscope. The elemental analysis was done with an energy
X-ray dispersive spectroscopy (EDS) system.

2.3.4. Fourier-transform infrared spectroscopy

IR spectroscopy was used to determine the functional
groups responsible for HFE sorption, about 0.1 g of bio-
mass was mixed with KBr for Fourier-transform infrared
spectroscopy analysis with a resolution of 2 cm™.

2.4. Adsorption of HFE on cassava starch

The adsorption assays were performed in a batch
system, cassava starch (1.0 g of dry starch) and 10 mL HFE
(pH 2.5) were mixed at room temperature and shaken at
80 rpm for 24 h, then the mixture was filtered. The amount
of HFE in the remaining solution was determined by ultravi-
olet-visible (UV-Vis) spectrophotometry analysis at 664.5 nm.
The sorption percent was calculated as follows [17]:

Initial absorbance —

Color sorption(%) = Obs'efved absorbance x100 (1)
Initial absorbance

The adsorption at time ¢, 4, (mg g™), was calculated by
using the following equation:

where C, (mg L) is the liquid-phase concentrations of HFE
at time t, C (mg L) is the initial concentration of the HFE in
solution. V'is the volume of the solution (L) and W is the mass
of cassava starch (g).

The quantities of adsorbents used to determine the effect
of sorbent dose were 10, 20, 40, 60, 80, 100, 120, 140, 160, 180,
and 200 mg. The contact times considered for the adsorption
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kinetics were 0.08, 0.25, 0.5, 1, 3, 5, 7, 24, 48, and 72 h, and the
effect of pH on the adsorption of anthocyanin pigments was
determined from initial pH from 2 to 12.

The equilibrium data were fitted to three different
adsorption isotherms models; Freundlich [18,19], Langmuir
[20,21] and Temkin [22,23]. The kinetics data were fitted to
pseudo-first-order [24,25], pseudo-second-order [26,27],
intra-particle diffusion [28,29], and Elovich [30] models
(Table 1).

2.5. Adsorption and desorption of anthocyanins

1 g of cassava starch and 20 mL of HFE were mixed in a
50 mL flask. The mixture was shaken at room temperature
at 80 rpm for 24 h. After adsorption, the mixture was filtered
and the anthocyanin was determined in the aqueous solu-
tion. For desorption, 1 g of anthocyanins saturated cassava
starch was mixed with 20 mL of water and left for 24 h at
room temperature, then the cassava starch was separated
from the remaining aqueous solution and the anthocyanin
was measured in this solution. Adsorption/desorption
ratio and capacities were calculated using the following
equations [31]:

Adsorption capacity, g, (mg/ g) =C, -C,x m ®)
Desorption capacity, g, (mg/ ) ) = (1_C;\ZSW @

where g, is the adsorption capacity (mg g™) at equilibrium,
C, (mg L) is the initial anthocyanin concentration in the
extract, and C, (mg L) is the equilibrium anthocyanin con-
centration in the extract. V; (mL) is the volume of the crude
extract; W (g) is the mass of the starch, and M is the moisture
content of the starch (wt%/wt%). C, (mg L) and V, are the
concentration of anthocyanin and the volume of the remain-
ing solution (mL) after the desorption process respectively.

2.6. Determination of anthocyanin content

The pH differential method can be used to determine
the total monomeric anthocyanin content, based on the
structural change of the anthocyanin chromophore between
pH 1.0 and 4.5 [32]. This method permits an accurate and
rapid measurement of the total anthocyanins, even in the
presence of degraded polymerized pigments and other
interfering compounds. Anthocyanin pigment concentration
(expressed as cyanidin-3-glucoside equivalents) was calcu-
lated as follows:

Anthocyanin pigment
3
(Cyanidin-S-glucoside equivalents,mg/L) = M
eX

Q)

where A is the absorbance of each dilution;, MW (molecular
weight) = 449.2 g mol™ for cyanidin-3-glucoside (cyd-3-glu);
DF = dilution factor; [ = pathlength in cm; & = 26,900 molar

extinction coefficient, in L x mol™ x em™, for cyd-3-glu; and
10° = factor for conversion from g to mg.

The absorbance of the diluted sample (A) was calculated
as follows:
A=(A

- Amo)le - (A - Am)pH 45 (6)

Avis—max Avis—max

The dilution was done with potassium chloride buffer
for pH 1.0, and with sodium acetate buffer for pH 4.5.

2.6. Statistical analysis

All experiments were performed at least twice, and the
results were expressed considering the standard deviations.
The data were fitted to models with the help of Microsoft
Excel.

3. Results and discussion
3.1. Physicochemical properties of adsorbent and solute

Table 2 shows a summary of the physicochemical prop-
erties of the surface of the cassava starch. The moisture
percentage of the cassava starch was 13.4%. The surface of
cassava starch possesses an evident basic character and a
pH,,. value of 6.0 (Fig. 1). The basic character suggests that
cassava starch is an efficient material to remove anionic
species (acid dyes).

Total soluble solids (TSS) in a solution is determined by
the index of refraction. It is measured using a refractometer,
it is referred to as the degrees Brix and it is equivalent to TSS
content (%). The sample (HFE) contains 15°Brix which is
equivalent to a TSS content of 15%.

The total acidity and pH are different: the pH is the
property most useful in extract biochemistry. The total
acidity of the HFE is an important property, because influ-
ences the taste, freshness and protection from spoiling
micro-organisms; a low acidity level is much more suscep-
tible to organisms. The color of anthocyanins depends on
the pH of the solution because of the molecular structure
of anthocyanins has an ionic nature [33]. It is important to
note that the extract showed similar spectra at pH values <5,
which indicates that it is stable in this pH range. The HFE
in acidic condition appears to be red, in neutral pH has a
purple hue while the color changes to blue in basic pH.

3.2. Characterization of HFE-CS powder
3.2.1. Microstructure and elemental composition

The scanning electron microscopy images of cassava
starch show a granular aspect, with particles of different
shapes and sizes (Fig. 2a). The cassava starch particles show
porous of irregular sizes and agglomerations of small par-
ticles on the surfaces (Fig. 2b). Probably, the adsorption of
dye takes place inside the pore of starch (intra-particle dif-
fusion), some surface fissures are observed on the starch
granule that could allow the solute to get into them.

The elemental compositions of both native and modified
starches were determined by EDS. The presence of carbon
and oxygen were found in both starches. The presence of
some elements (Mg, Si, Cl, K, Ca) in the modified starch is
evidence of the adsorption of the HFE by the starch (Table 3).
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Table 1

Mathematical models used for the analyses of the moisture and hibiscus flowers extract adsorption by cassava starch

Model Non-linear equation

Linear equation

Kinetics

Pseudo-first-order

9, =q.(1-¢")

ln(q[ —qt)zlnqg -Kt @)

Pseudo-second-order

Intra-particle diffusion
equation

Elovich

where g, is the amount of dye adsorbed onto the adsorbent at equilibrium (mg g™), g, is the
amount of dye adsorbed onto the adsorbent at any time ¢ (mg g™), and K, (min™) is the rate
constant of the pseudo-first-order adsorption.

Kq:f t 1 1
20" —:724_*1»

C1+Kqt 9, Kg. 4.

t

where K, (g mg™ min™) is the rate constant of the pseudo-second-order adsorption, g, is the
amount of dye adsorbed on the adsorbent at equilibrium (mg g™), and g, is the amount of dye
adsorbed on the adsorbent at any time, t (mg g™).

g, =K, t% +C, log g, =log K, +0.5log

ipd

where g, is the amount of dye adsorbed onto the adsorbent at time ¢ (mg g™), C, is the intercept,
and K, , is the intra-particle diffusion rate constant (mg g™ min™?).

d
% = aexp(fﬁqf)

t

0 :%ln(aﬁ)+%ln(t)

where g, is the amount of dye sorbed by CS at a time ¢, a is the initial dye sorption rate
(mg g™ min™) and f3 is the desorption constant (g mg™) during any one experiment.

®)

©)

(10)

Isotherm

Langmuir

Freundlich

Temkin

= 1vn,C 7. a9, 4.KC

where g, is the amount of dye adsorbed (mg g™), C, is the equilibrium concentration of the
adsorbate (mg L™), and g, and K; are Langmuir constants related to the maximum adsorption
capacity (mg g) and energy of adsorption (L mg™).

1
9. = KFCBA logq, =logK, +llog C,

n

where g, is the amount adsorbed at equilibrium (mg g™), K. is the Freundlich constant, 1/n is the
heterogeneity factor which is related to the capacity and intensity of the adsorption, and C, is
the equilibrium concentration (mg L™).
qL,:Eln(KTCC) g,=BInK,+BInC,
b RT

T B=—"
b

T
where K is the Temkin isotherm equilibrium binding constant (L g™), b, is the Temkin isotherm

constant, R is the universal gas constant (8.314 ] mol™ K™), T is the Temperature at 298 °K, B is
the constant related to heat of sorption (J mol™).

(11)

12)

(13)

3.2.2. Infrared spectroscopy

Several characteristic bands of starch and water were
observed in the spectra of cassava starch (Fig. 3a). An intense
band in the range of 3,600-3,200 cm™ is generated by stretch-
ing vibration of O-H bond. Bands in the range of 3,000-
2,800 cm™ are assigned to stretching vibrations of the C-H
bond. The peak found at 1,300 cm™ belongs to the symmetric
stretching of -CH,. The wide absorption bands in the range
of 1,000-1,200 cm™ are characteristic of the C-O stretching,

C-O-C structure and C-O-H of the glycosidic ring of the
starch. Bands in the range of 1,700-1,600 cm™ were observed
in the modified starch spectra and probably are due to
tightly bound water to the starch molecules (Fig. 3b).

3.3. Isotherm and kinetics on the retention of dye (HFE) by
cassava starch

Adsorption studies were done considering concentra-
tion, time, and pH. The adsorption efficiency of cassava
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Table 2

Properties of the cassava starch (CS) and extract of hibiscus

flowers extract (HFE)

Properties of the surface of CS

Moisture content 13.4%
Basic character 25eqg™
Acid character 0.42eqg™
pH,, 6.0
aW 0.6
Properties of HFE
Brix 15
pH 24
Acidity (%) 0.11
Table 3
Elemental composition
Element (%) CS E-CS
C 54.70 48.94
O 46.30 48.17
Mg 0.18
Si 0.37
Cl 0.20
K 1.60
Ca 0.55
Total 100.00 100.00

CS, cassava starch;
E-CS, cassava starch treated with extract of hibiscus flowers.

starch was 63.2% at the equilibrium time of 12 h with an HFE
initial concentration of 0.5 g mL™. In general, the red color
of HFE was removed optimally in the pH range from 2 to
4 (Fig. 4). This behavior can be explained by the zero-point
charge of the adsorbent (pH,,. = 6.0), at a pH above this

ZPC

3.000
2.500
2.000

1.500

pHi-pHf

1.000

0.500

Fig. 2. Micrograph of cassava starch sample by scanning electron
microscopy (SEM).

0.000

-0.500

-1.000

-1.500

o

pH initial

Fig. 1. The pH,, of cassava starch.

PZC
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Fig. 3. Fourier-transform infrared spectroscopy of the native and
modified starch.
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Fig. 4. Effect of pH on adsorption capacity

zero-point charge, the surface of the adsorbent is negative,
which does not enhance the adsorption.

The adsorption kinetics of anthocyanin pigments onto
starch was evaluated using pseudo-first-order, pseudo-
second-order, Elovich and intra-particle diffusion models,
however, the pseudo-first-order model did not fit with the
experimental data well. The correlation coefficient for the
second-order kinetic model obtained was the highest for
this model (Fig. 5) with a value for the adsorption rate con-
stant of 0.088 g mg™ min™. The adsorption capacity in the
equilibrium (35.6 mg g™) is similar to the one calculated
from the second-order kinetic model (Table 4). This behavior

250
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tfqt
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Fig. 5. Kinetic models of dye adsorption on starch (a) pseudo-
second-order, (b) Elovich, and (c) intraparticle diffusion.
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Table 4

201

Parameters from the fitting of experimental data to kinetics and isotherm models

Kinetics parameters for the adsorption of color

Pseudo-second-order Elovich
K, (g mg™ min™) q,(mgg™) R? a (mg g min™) B (gmg™) R?
0.088 35.7 0.9999 162,755 041 0.96
Intra-particle diffusion
K, (mg g™ min™?) C R?
0.175 1.426 0.9309
Isotherm parameters for the adsorption of color
Freundlich Temkin
n K. (Lg") 1/n R? K, (Lg™ B (J mol™) R?
0.68 1.7x107 1.48 0.9468 2.4 %102 57.38 0.8848
180
(a) 25 (b)
160 ° =
140 2
120
% 100 -
E ® = y= 1.4806x - 2.7662
s B0 g i R®=0.0468
60 L]
[ ]
10
05
20 e ¢
o 0
o 500 1000 1500 2000 2500 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40
Ce (mg/L) Log Ce
100 (C)
20
80
70
60
g 50
10
30
20
10
0

6.80

7.00
InCe

1.20 7.40 7.60 7.80

Fig. 6. Different isotherm models (a) experimental adsorption isotherm, (b) Freundlich adsorption isotherm, and (c) Temkin adsorp-

tion isotherm.

indicates that the adsorption mechanism is chemisorption
which involves valence forces through sharing or exchange
of electrons between the sorbent and the sorbate. The small
value of the intra-particle diffusion constant indicates that
the boundary layer has a low effect on the diffusion mecha-
nism of HFE uptake by the cassava starch.

Similar behavior was observed in the adsorption of
Hibiscus sabdariffa sp. anthocyanins onto a macroporous

resin, the adsorption kinetic experimental data fitted the
pseudo-second-order kinetic model [11,34].

The adsorption isotherm describes the retention behavior
of the HFE on the cassava starch at constant pH and tem-
perature. The adsorption isotherm has a Freundlich or lin-
ear shape (Fig. 6), the isotherm data of HFE were adjusted to
Freundlich and Temkin isotherm model and the parameters
obtained are shown in Table 4. The R? value for the Freundlich
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model was higher than the Temkin isotherm model, these
results indicate that the adsorption takes place on a sur-
face with heterogeneous distribution of active sites and the
adsorption depends on the concentration of the solute.

The adsorption isotherm of Hibiscus sabdariffa sp. antho-
cyanins onto a macroporous resin was Langmuir isotherm
type [11,34], this behavior could be due to the nature of
the adsorbent.

3.4. Total monomeric anthocyanin retained on the starch

The proposed method (pH - differentia) was applied to
determine the anthocyanin content. The anthocyanin con-
centration present in the extract was 4.06 mg L™, the aver-
age adsorption capacity and desorption of anthocyanin were
1.3 £ 0.4 mg g and 0.07 + 0.01 mg g™ respectively. Similar
phenomena were observed in the adsorption and desorp-
tion of anthocyanin in an aqueous solution of purple rice
bran using amberlite XAD7, where the values were 1.87 and
1.79 mg g, respectively [12].

The retention capacity of anthocyanins on cassava
starch was evaluated with different amounts (0.5, 1.0, 1.5,
2.0 and 2.5 g) of starch and 20 mL of the solution of HFE
(1 g/100 mL), as shown in Fig. 7. As can be observed there
is a linear correlation between adsorption of anthocyanins
and CS dosage with a correlation coefficient of 0.9698, the
adsorption of anthocyanins increases as the quantity of CS
increases.

4. Conclusions

The present study provides insights on diffusion and
adsorption of anthocyanin from HFE by cassava starch. The
following conclusions can be drawn: The anthocyanin mol-
ecule’s immobilization on cassava starch was favored in the
interaction solid-liquid system with a maximum color removal
efficiency of 63.2% at room temperature and 1 g of CS. The
red dye was removed optimally in acid pH. The experimen-
tal adsorption data best fit Freundlich and pseudo-second-
order kinetic models. It is suggested that the adsorption of
dye was inside the pore of starch (intra-particle diffusion).
The amount of dye adsorbed on the starch was 36.6 mg g
with the content of Roselle anthocyanins of 1.3 mg g™

0.05
0.04
0.04

% 0.03

)

£ 0.03

(]
0.02
0.02
0.01

0.01

0.00
0 0.5 1 15 2 25 3

Cassava starch (g)

Fig. 7. Effect of dosage on the adsorption of anthocyanin by cas-
sava starch.

The appreciable amount of anthocyanin compounds
adsorbed on starch provides a significant antioxidant capac-
ity that may be of great interest for health with applications
in the food industry.
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