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Summary: Almarei milk is produced in Saudi Arabia from aqueous solutions; this study investigates
its adsorption behavior pertaining to three types of anthocyanin pigments that are used as natural
food colorants and adsorbents. The three anthocyanin pigments were extracted from red cabbage
(RC), grape peel (GP), and pomegranate peel (PP). The initial dye concentrations were 10-50 mg/L
and temperature of the solution was 35 °C. For an equilibrium isotherms and kinetic data were
evaluated using the adsorption isotherms models such as Freundlich and Langmuir models. The
results which were recorded show that the best adsorption model fit with the experimental data was
Langmuir model in contrast with the Freundlich model. Also more suitable adsorption kinetics
model was pseudo-second order and intraparticle diffusion models than the first-order reactions. An
exothermic nature was found form the results of thermodynamic adsorption for each of
thermodynamic parameters like entropy (S°), (He) enthalpy, and free energy (Ge).

Introduction

Foods that are rich in phenols and consumed
day by day have been found to reduce diseases like
cancer and cerebrovascular mortality [1]. Red fruits
such as grapes, pomegranate juice, and red cabbage are
important sources of active antioxidant phenolics.
Recently, foods such as these are being preferred to be
used as safe, natural additives [2].For example, the
biological properties of pomegranate makes it a suitable
natural food colorant [3]. Fruits and vegetables of
specific colors, viz. purple, red, and blue, are rich in
anthocyanins and phenolic color, water-soluble [4], and
consequently, used as food colorants and in modern
medicine. Furthermore, they are used as part of
traditional health regimes as they can be ingested in
large doses and have a very low toxicity. They are also
commercially grown for their anthocyanin content
[5] The basic structure of anthocyanins-3-O-glucoside
was discovered from fruits [6] .As natural food
colorants, they are considered to be among the best
antioxidants; further, they demonstrate a nutraceutical,
antimicrobial effect on many chronic diseases when
compared with that of synthetic colorants that have
negative effects on the human health, particularly, on
neurological functions and behavior. Chemically, milk
is a heterogeneous mixture in a complex form, which
contains minerals, protein (in the form of casein), fat,
salts, lactose, enzymes, and vitamins, as well as
important trace elements such as copper, zinc,
manganese.

Anthocyanins, which contain red dye and
cations of flavylium [7] at lower value of pH solution
they are steady, stable and easily soluble at a lower pH

[8]. Adsorption is an interface phenomenon and defined
by measuring the concentrations at the interface and
adjacent phases. Adsorption processes have been
accomplished to change the color of textile products and
used as a cheap and effective approach to change the
color of textiles products [9]. Freeze drying is a suitable
method to obtain high quality dry pigments [10]. The
objective of this article is investigate the process of
adsorption of full-fat Almarei milk solution produced in
Saudi Arabia on the surface of anthocyanins powder and
Phenolic-rich foods extracted from red cabbage (RC),
grape peels (GPs), and pomegranate peels (PPs). They
are used as natural food colorants for the Almarai milk
solution.

Experimental
Instrumentation

A Mettler Toledo microbalance with 0.1 mg
accuracy was used to weight samples. A mechanical
shaking and a Blue Spin magnetic hotplate stirrer with a
resolution speed control accuracy of 1 rpm were used
to conduct the experiments of adsorption. The
adsorption process was done by using batch, which was
conducted in a Pyrex 100 ml flask. A Whatman filter
paper of 0.5 um pore size was used for filtration. A
spectrophotometer (UV-visible Genesys 10S) was used.

Preparation of Grape Peel (GP), Red Cabbage (RC),
and Pomegranate Peel (PP)

Although relatively harsh solvents, such as

ethanol and methanol, can be used to extract
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anthocyanin pigments from fruits and vegetables, water
is an appropriate alternative that is safer and better for
the environment [11]. Grapes were purchased from a
local market, cleaned with distilled water, and their
skins were manually peeled. Then, any excess water
was squeezed from the peels; at 60 °C grape peels (GP)
were dried, until stable weight obtained. Fresh red
cabbage (RC) was purchased from a local market,
washed in distilled water, and cut and dried at room
temperature. Pomegranate peel (PP) was cut into pieces,
they are cleaned by distilled water for many times until
became pure from any dirt and dust, finally the sample
dried at room temperature.

Extraction of Anthocyanins

The anthocyanins were extracted from a 20 g
sample of each of the aforementioned fruits and
vegetable using a solute and methanol, a solvent ratio of
1:10 w/iw in a 200 ml beaker that was magnetically
stirred for 12 h. The acidified water used in the
extraction process was (0.1% HCI, with pH was 3) and
fed at a rate of 30ml/min at constant pressure of 40 bar.
They were then exposed to two different temperatures
ranging between 110 °C and 160 °C [12]. The liquid
was then extracted using the filtration paper and the
resulting material was then freeze-dried for 5h [13].
Finally, these materials were milled using a mortar to
obtain anthocyanins powders. They were then stored in
light-proof containers until required for the study.

Preparation of Adsorbate

The adsorbate used in this study was of full-fat
fresh Almarei liquid milk purchased from the local
market. The characteristics and nutritional information
as obtained by the producer are summarized in
Table 1.Different concentrations were prepared from the
stock solution using distilled water at 10, 15, 20, 30, 40,
and 50 mg/l. Then, using the double beam
spectrophotometer, the aqueous liquid milk solution was
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calibrated (UV-visible Genesys 10S). The absorbance
of the Almarei milk solution was found to be 450 nm.

Batch Adsorption Process

Samples were heated at 100 °C in an oven to
obtain active centers. A solution of 50 ml was added in
an Erlenmeyer conical for the adsorption experiments
process and the required time was determined to reach
equilibrium, in which the adsorbent surface would be
completely saturated at a temperature of 35 °C and pH
4. Different concentrations of the adsorbate were
prepared at concentrations of 10, 15, 20, 30, 40 and 50
mg/l. Then, 2 mg of each of the adsorbents were mixed
with 50 ml of aqueous milk solution that was then
shaken in a thermostatic shaker at 150 rpm at 35 °C. A
solution of Almarei milk (AM) was measured before
adsorption to determine the amount of milk adsorbed by
GP, PP, and RC, respectively. By using UV/Visible
spectrophotometer the absorbance of the milk were
investigated at intervals of 10, 20, 30, 40, and 50 min
until the point of equilibrium was attained. The
adsorbents were then separated from the liquid using
filter paper. The quantity adsorbed of Almarai milk was
calculated using the following (equations no 1 and 2):
[14, 15]

(Co-Ce)V
w @
(€, - C)x100
G @
where ¢ is the amount adsorbed per gram
(mg/g), C, is the initial concentration (mg/L), C; is the
amount of equilibrium dye conc (mg/L), V is the

volume of the solution (ml), and W is the adsorbent
weight (g).

ge=

Adsorbate uptake (%) =

Table-1: Properties of fresh Almarai milk (full fat, 250 mL)

Size Origin Milk information *%DV

Total Fat8g 11%
Saturated Fat5 g 24%

Trans Fat0 g -
Cholesterol 24 mg 8%
Sodium 129 mg 5%
Total Carbohydrate 5%
Fresh milk, full fat 250 mL Almarai Saudi Industry Dietary Fiber 0 g 0%

Total Sugars 12 g
Including Added Sugars 0 g 0%
Protein8 g

Vitamin A 750.5 1U 28%
Vitamin D3 136.0 IU 23%
Calcium 250.4 mg 25%

The % daily value (DV) is the percentage of the daily limit for the specified nutrient that is represented in a serving of the food as specified by guidelines;

2000 calories a day is used for general nutrition advice.
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Results and Discussion
Adsorption Equilibrium

Generally, there are three steps of the adsorption process
they are explained as follows:

a) The transfer of the adsorbate to the exterior part of
the surface for adsorbent, away from the bulk of the
solution.

b) Although a small quantity of adsorbate is retained
on the outer surface, the adsorbate molecules
spread through the pores of the adsorbent.

€) The suitable adsorption for adsorbate molecules
onto the surface at the internal part which are
characterized by micropores and capillary spaces.

d) The final step is a fast step that leads to a state of
equilibrium [16] in which the driving force of the
process is adsorption close to the micropores walls
[27].

The indirect method was used to measure the
quantity of the adsorbed concentration before and after
the experiment [18], which showed that the materials
having small particles with a high surface area
demonstrate excellent properties [19]. It was found that
higher the concentration of the sample, larger is the
surface area, which gives a higher number of adsorption
sites that deliver a higher uptake of the milk [20] .The
results are shown in Figs 1a, 1b, and 1c.

Fig 1 shows adsorption isotherm at the
equilibrium of AM on the three foodstuffs it shows an
increase at low concentrations, so it indicates a high
affinity toward the solute. However, at high AM
concentrations, the amounts slowly increase and
become constant. This can be explained as follows:

RC: ¢ increased from 12 mg/g at an AM
solution concentration of 10 mg/l to the highest value of
42.01 mg/g at 20 mg/l of AM, followed by stability
from 44.43 to 44.44 mg/g from 30 mg/l to 40 mg/g of
AM concentration.

GP: @ increased from 4.9 mg/g at a milk
solution concentration of 10 mg/l to the highest value of
7.9 mg/g at 30 mg/l of milk, followed by stability from
81 to 8.2 mg/g from 400 mg/l to 50 mg/g AM
concentration.

PP: g increased from 0.64 mg/g at a milk
solution concentration of 10 mg/l to the highest value of
2.22 mg/g at 20 mg/1 of milk, followed by stability from
345 to 3.44 mg/g from 30 mg/l to 40 mg/g AM
concentration.
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For all samples, ge values increased when
compared with those of the initial concentrations.

This is because:

1. At low concentrations, the ratio between the
quantities adsorbed of AM solution to the active
centers that are available on the surface of
adsorbents is small. This leads to the independence
of fractional adsorption on the initial concentration
of AM. At higher concentrations of AM, there are
fewer available active centers on the adsorbent
surface; therefore, the AM adsorption is dependent
on the initial concentration level. Consequently,
higher concentrations of AM lead to higher Qe
values [21].

2. At higher concentrations of AM, the gradient acts
as a driving force that can solve the obstacle
transfer of AM mass ions through the adsorbent
solid and adsorbate liquid phases. Hence, there is a
high possibility of collision between AM ions and
the active sites [22].Therefore, the increase in the
adsorption of AM concentration from 20 mg/l to 40
mg/l for RC and the increase in AM concentration
from 10 mg/l to 30 mg/l for GP leads to a decrease
in the ge values, as observed from the results. At
high concentrations (20 mg/l for RC and 30 mg/I
for GP), active adsorption sites became saturated
[23] following which the ge value decreases.
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Fig. 1: The Initial concentration of the dye effect on
the adsorption of Al-Mareai milk (AM) by
(A) red cabbage (RC), (B) grape peel (GP),
and (C) pomegranate peel (PP). (Conditions:
T =35 °C, WV =2 g/50 ml, time = 60
min).

The adsorption percentages listed in Table-2
show that the highest percentage adsorption of AM
was on PP at 99.53%, followed by GP at 97.31%, and
RC at 75.47%.

Table-2: Percentage Adsorption.

Samples Adsorption %

Red Cabbage (RC)
Grape Peel (GP)
Pomegranate Peel (PP)

75.47%
97.31%
99.53%

Langmuir Isotherm

In this type of adsorption, the Langmiur
isotherm model shows that the surface of the
adsorbent consists of active centers, for monolayer
adsorption and it is homogenous. The Frendulich
adsorption isotherm consists of heterogeneous
surfaces with multiple sites of adsorption, i.e.,
multilayer capacity adsorption can be achieved [24].
From The Figs of adsorption a linear line was found
for Langmuir isotherm it is shown by the following
equation [25]

C, 1 1
—= = + c

c}'EI qi‘]"lﬂ_l’ 'b qi‘]"lﬂ.t’ ) : (3)

The empirical constants of the adsorption
isotherm of Langmuir would be expressed as the
adsorption maximum capacity of the adsorbent, Qmax
(mg/g), and a constant related to the energy of
adsorption, b (I/mg); they correspond to the energy of
adsorption  efficiency[26].In  this  study, the
experiment required 60 min at 35 °C (308 K); hence,
the calculation for the maximum adsorbent capacity
and constants gmax and b is as follows: plotting C./ge
against g. as shown in Fig 2 obtains a straight line. In
the Langmuir adsorption model, all adsorption sites
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have identical adsorption energy. The adsorption
isotherm of Langmuir predicts that adsorption
happened at the homogenous surface of adsorption,
further explaining the existence of coverage on the
adsorbate surface was monolayer at the active centers
of the outer surface of the adsorbent [27]. The plot of
Ce/ge vs C. obtains a linear trend with a slope of 1/qe,
as shown in Fig 2. The coefficient R? was 0.88, 1.00,
and 0.95 for RC, GP, and PP, respectively. Therefore,
the adsorption of GP and PP are more suitable and fit
to the Langmuir model than that of RC.
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Fig. 2: Straight line of the Langmuir isotherm

model for AM adsorption for (A) RC (B)
GP, and (C) PP at a temperature of 302 K
and pH=4.
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Table-3: Langmuir and Freundlich isotherms.
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Langmuir isotherms

Freundlich isotherms

Adsorbents g max b Kf 1/n n R2
mg/mL mL/g mg/mL mg/mL mL/g
Cabbage 11.11 0.67 0.88 1.59 0.68 7.95 0.81
Grapes 10.45 0.05 1.00 1.95 0.393 2.27 0.90
Pomegranate 1.69 2.50 0.95 1.89 1.34 0.76 0.92

The main features of the adsorption isotherm
for Langmuir can be described using a special
parameter, which is known as dimensionless
equilibrium (Ry) [29].

1
R =
L 14be 4)

The magnitude of R, shows if the isotherm
is favorable or non-favorable; the isotherm is
undesirable when R, > 1 and linear when R = 1, but
if it is desirable (0 < R < 1) or irreversible (R = 0),
then Ci is the initial concentration of AM (mg/L). In
this study, the results were found to be 0.0086, 0.013,
and 0.00041 for RC, GP, and PP, respectively. Thus,
the desirable isotherm was Langmuir for the
adsorption of Almarai milk for the three natural
adsorbents considered in this study.

Freundlich Isotherm

The Frendulich isotherm model is an
experimental equation that shows a heterogeneous
adsorbent surface and explains the possibility of the
occurrence of multilayer adsorption [28].1t gives the
ratio of a certain amount of the solute adsorbed by a
definite weight of the adsorbent to the concentration
of the solute in a solution which is not stable at
various concentrations [28].The following equations
represent the logarithmic form of the Freundlich
isotherm [28].

1
= K, Ce—
qs i n (5)

logq, = logK; + i Jdog Ce

where g is the equilibrium adsorbate concentration
on adsorbents surfaces (mg/g), Ce is the equilibrium
of the adsorbate concentration in solution (mg/l), K¢
is the Freundlich constant, and n is the empirical
parameter. The magnitude of n gives a measure of the
favorable adsorption that occurs when the value of n
is between 1 and 10 or the value of 1/n is less than 1;
in other words, it represents that the surface of the
adsorbent is heterogenous, making adsorption easy
[29].In this study, from the results of plotting a linear
line was obtained of a slope of 1/n and intercept of

log Kr was obtained by plotting log q. against log Ce,
as shown in Fig 3. The values are listed in Table-3;
they indicate that the adsorptions are favorable [30].
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20

log q,

log Ce

Fig. 3: Linearized Frendulich adsorption isotherm
for Almaraei milk adsorption by (A) RC (B)
GP, and (C) PP, at a temperature of 302 K
and pH=4.

Adsorption Kinetics

The adsorption speed can be determined by
two models of kinetic adsorption, viz. first and
second pseudo-order reactions [31].The equation of
the first-order which is pseudo model is established,
on the hypothesis that the difference of adsorption of
solute with varying time depends upon the amount
difference of the saturated and adsorbate uptake
dosage with time [32].

First-Order Pseudo Model

Lagergren supposed the constant rate of the
adsorption [33]; hence, the empirical equation used
for determination pseudo first-order Kkinetic is written
as follows:

dq

e K, (g. — q,) -

where kj is the adsorption rate constant for first-order
kinetic model, g; is the quantity of adsorbed at time t
(mg/g), ge is the adsorption capacity at equilibrium
(mg/qg), is the amount of adsorbed at saturation at (t =
0,q:=0)and (t=t,g=q.

The linear form of the pseudo-first-order
model is expressed as follows:

In(q, - q.)=Ing, - Kt ®)

When In (ge-0) is plotted against t, a straight
line was obtained, and rate constant k can be
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evaluated from the slope, R? is the correlation
coefficient, and theoretically, g can be calculated
from the plot. Though a linear line was obtained from
the Fig 4, and the value of g, calc is approximately
equal to the experimental value (ge,exp.). However,
the magnitude of R? was low in the first-order
pseudo-kinetic model in contrast with the values
obtained from the second-order pseudo- Kkinetic
model. This is because the first-order pseudo kinetic
model is a poor fit for the adsorption kinetics and it
does not fit the full range of contact times. It is
applied only over the initial stages through the
adsorption process. The times were between 1 and 10
min [34].
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Fig.4: The adsorption Kkinetics adsorption of

Almaraei milk by (A) RC, (B) GP, and (C)
PP at 302 K of first-order Pseudo model.
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Table-4: The adsorption Kinetics second-order Pseudo-and first -order Pseudo model of for Almaraei milk by

(@) RC, (b) GP, and (c) PP at 302 K and pH=4.

second order first order Concentration (mg/L)

Pseudo Pseudo 20 mg/L
Intraparticle ge,
R, Aq (%) " /m;?min) (2(;1(90/?)) Diffusion Aq  R2 (mﬁ_l) (cal) (}?ﬁﬁ/);?) Adsorbents
(%) (mg/g)
0.99 0.018 0.61 333 2.92 0.90 0.13 3.12 312 Cabbage
0.95 0.08 0.91 25 2.66 0.87 0.11 2.90 2.91 Grapes
0.99 0.05 0.91 1.22 1.60 0.85 0.10 1.90 1.91 Pomegranate
2 4 6 8 19 Pseudo-second-order reaction

t/qt

20 40
Time (min)
0 2 4 6 8 19
-~ B
q | 2
-
/
‘/
// 6
a
- 7
g 7
= 3 =
e 5
/
.//‘
7 23
I//
q
20 70
Time (min)
0 2 4 6 g 19
3
3
2
=y
b
1
b
o irs pal
Time {min)

Fig.5: The adsorption Kinetics adsorption of
Almaraei milk by (A) RC, (B) GP, and (C)
PP at 302 K of -second-order Pseudo model.

Second-order Pseudo kinetic model is a type
of kinetic model can be utilized to determine
adsorption kinetics. In this model, the interchange of
electrons occurs between the adsorbent and adsorbate
due to the forces of wvalance; in other words, it
depends on a chemical reaction [35].This model [36]
is given by the following equation and estimated in
the linear formatt=0,qg=0andt=tq = qt:

In(gq, - q.)=Ing, - Kt ©)
where the rate constant of the second-order pseudo is
Kz (kps) (g mg? mint). of the plot t vs t/gt obtains a
straight line, from which the values of K and ge,calc
values can be calculated. In this study, the results
from the plot versus t/gt gives a straight line; the
calculated K; and ge,calc values show that the values
of qQecalc were approximately equal to the
experimental ge,exp values. Furthermore, the values
of coefficient R, for the pseudo-second-order kinetic
model were found to be higher than those of the first-
order pseudo kinetic model; thus, it is the best fit in
describing the adsorption kinetics of AM by RC, GP,
and PP. The results are shown in Fig. 5 and the
analysis results are listed in Table-4.

Intraparticle

The diffusion of intraparticle model[37] was
used to determine the state of the transfer and
migration process for adsorption in a whiskered batch
adsorption system that take place on a porous of the
adsorbent surface as following:
Gg=kpt%+C (10)
where g is the amount of Almarai milk adsorbed onto
RC, GP, and PP at time t (mg/g) and k, is the
intraparticle diffusion that occurs on the adsorbent
with a porous surface (mg/(g-min®5),from the linear
line is obtained from the plotting q; vs t ®° gives a
value of the rate constant for the diffusion
intraparticle (mg/g .C) regarding the intensity of the
border layer. Hence, if the magnitude of the intercept
is larger than the effect of border layer [38], then g:
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vs t%5 plot obtains a straight line and the adsorption
process is controlled by intraparticle diffusion. In
contrast, if the linear fit exhibits multilinear curves,
this indicates that two or more steps are influencing
the adsorption process. If the Weber-Morris plot (q:
vs t%%) is found to be linear, then intraparticle
diffusion take place; and if the line go through the
source , then intraparticle diffusion is the only rate-
limiting step [39].In this study, a straight line was
obtained by plotting g; against t®®°, as shown in Fig 6.
As the diffusion intraparticle plots do not go through
the source, that means that intraparticle diffusion and
limiting-step had an important role in the adsorption.
so, the processes of the adsorption obey the second-
order pseudo model [40].The results can be explained
as a linear correlation owing to several steps that
occurred during the adsorption process. Step one
included the initial linear portions that are attributed
to the initial boundary and the diffusion through the
solution to the outer adsorbent surface recognized, as
“the outer transfer of the mass or “film diffusion”
[41] .The second step corresponded with intraparticle
diffusion into the adsorbent porous [42]. The final
parts horizontal of the Fig were low in speed and can
be controlled by the mechanism of diffusion
equilibrium [43].
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Fig. 6: The adsorption Intraparticle diffusion fit for
milk onto (A) RC (B) GP and (C) PP at
different initial concentrations (T=308 K,
300 rpm, and 2.0 g of adsorbent).

Testing Kinetic Validity

The validity of the models was
quantitatively verified; normalized standard deviation
Aqge (%) was calculated using the equation written as
follows (Anwar et. al., 2010, Njoku et. al., 2014).

5

Dy~ Docate )/ Deep. |
N ST

n—1

(11)

where n is the number of data points, Qeex iS the
experimental value (mg/g), and e caic is the calculated
ge from the models (mg/g). These values are listed in
Table 4. The pseudo-second-order kinetic model
yielded the lowest Age (%) for the three adsorbents
and is therefore the best model to describe the
adsorption of Almarai milk onto RC, GP, and PP.
The Age (%) values obtained from intraparticle
diffusion models reveal that those from the second-
order pseudo were, little than those obtained from the
first-order pseudo model. This explains that the
adsorption of AM onto the three natural adsorbents is
determined well by the second order pseudo kinetic
model owing to the higher correlation coefficient and
a big agreement between the experimental and
calculated ge values.

Adsorption Thermodynamics Parameters

The thermodynamic  parameters are
described using the following standard parameters:
enthalpy (He), entropy (Se), and free energy (Ge), The
thermodynamic parameters are described using the
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following standard parameters: enthalpy (Ho),
entropy (Se), and free energy (Ge), because of the
solute in mole movement and transport from the bulk
solution at the interface liquid—solid, they were
calculated by Vant—Hoff equations [44].

AG® = - RT InKq (12)

AGP= AHP° - TAS® (13)
where R is the universal gas constant (8.314
J/mol.K), T is the absolute temperature (K), and K. is
the linear adsorption distribution coefficient defined
as: Kd= C. /Co, where C. is the amount adsorbed on
solid at equilibrium (mg/l) and Ce is the equilibrium
concentration or the initial adsorbate concentrations
and adsorbate concentrations remained in the liquid
phase at equilibrium (mg/l), respectively, AG® is the
free energy of adsorption, AH® is the enthalpy change
(kJ/mol), and AS°® is the entropy change (J/mol.K).
From Table 5 the data results of the thermodynamic
parameters expose The value of AH° which was
negative indicates the exothermic reaction of
adsorption process ,while the AS° negative value
indicates the associative mechanism of adsorption
reaction which is involved during the adsorption
process. The adsorption was ordered through the
formation of an activated complex between adsorbate
and adsorbent [45]. on the other side the positive or
negative sign of AS° indicates the non-orgnized
randomness of order of the adsorbate at the
solid/solution interface during the adsorption: less
random if AS° <0 or more random if AS® > 0 [ [46];
the negative AS value shows decrease in the degree
of freedom of the adsorbate ions in the solution. The
AG® values were positive for all there adsorbents,
which means that the adsorption reaction was non-
spontaneous. Further, at high temperatures, the
process of adsorption is inversely proportional to the
temperature

Table-5: Adsorption Thermodynamic parameters of
Almarai milk onto RC, GP, and PP

Adsorbents AG® AH° AS° (J/mol * K) TK
(kJ/mol) (kJ/mol)
RC 3654,13 -3652.88 -11.86 303
GP 9771.67 -9769.76 -31.72 303
PP 7569.46 -7569.40 -24.57 303
Conclusions

The aim of this study was the adsorption of
aqueous Almarai milk solutions on RC, GP, and PP
powders. The results of data obtained show that best
suitable adsorption model was Langmiur isotherm
model more than Frendulich isotherms. Additionally,
adsorption kinetics showed a second -order model
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more suitable than the first order reaction. The results
of thermodynamic parameters AG°, AS°, and AH
reveal the exothermic reaction for the adsorption
process, and the negative values of AH° and AS
shows that in the adsorptive order, intraparticle
diffusion is not the sole rate-controlling step. The
adsorbents tested in this study, which are widely
available, inexpensive, and easy to prepare, had a
higher capacity for adsorbing AM than other natural
adsorbents. Therefore, approximately 1.0 /100 ml of
food colorants is required.
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