
  JScholar Publishers                  

Study of Adsorption Isotherms and Equilibrium for Removal of Tannins from 
Cashew Apple Juice with Ion Exchange Resin
RHL Vidal, LS Galiotto and CG Pereira*

Department of Chemical Engineering, Laboratory of Separation Processes in Food - LAPSEA, Federal University of Rio Grande do 
Norte, Brazil

Journal of
Chemical Engineering and Catalysis 

Citation: RHL Vidal (2021) Study of Adsorption Isotherms and Equilibrium for Removal of Tannins from Cashew Apple Juice 
with Ion Exchange Resin. J Chem Eng Cata 1: 1-16

Received Date: November 27, 2021  Accepted Date:  December 28, 2021  Published Date: January 07, 2022

*Corresponding author: CG Pereira, Department of Chemical Engineering, Laboratory of Separation Processes in Food - LAPSEA, 
Federal University of Rio Grande do Norte, Brazil, Tel: 08432152779, E-mail: camila@eq.ufrn.br

©2022 The Authors. Published by the JScholar under the terms of the Crea-
tive Commons Attribution License http://creativecommons.org/licenses/
by/3.0/, which permits unrestricted use, provided the original author and 
source are credited.

 
J Chem Eng Catal 2022 | Vol 1: 102

Open AccessResearch Article

Abstract

Studies of equilibrium isotherms and fixed-bed breakthrough curves were performed, with the purpose of assessing con-
densed tannin removal for obtaining cashew apple juice clarified with ion exchange resin. Batch equilibrium isotherms and 
the modeling of equilibrium were evaluated. For the fixed-bed study, two systems were used: standard solution (catechin + vi-
tamin C + sucrose) and cashew apple juice. The influence of the presence of vitamin C and sucrose on the removal of catechin 
and the concentrations of cashew apple juice tannins were also assessed. Within the evaluated models, Sips and Freundlich 
presented the best adjustments, with concave curve, while the Sips model presented the best fit to the experimental data. 
The breakthrough curve in fixed-bed demonstrated that the juice with the highest amount of initial tannins favors a greater 
resistance to mass transfer during the ion exchange process between tannins and Tanex resin.
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Introduction

 Cajuína is an undiluted and unfermented beverage, 
derived from the edible part of the pseudo-fruit and obtained 
by heat treatment and a clarification process [1]. The low astrin-
gency and the absence of turbidity are the main characteristics of 
cajuína, also called clarified cashew apple juice. This beverage is 
a completely Brazilian product, produced in the Northeast re-
gion of the country [2]. Cashew apple juice has a high content 
of vitamin C [3,4], and when obtained through clarification, this 
beverage stands out for having neither added preservatives nor 
sugar, thus becoming a product with great potential for exporta-
tion. However, to maintain the characteristics of this drink until 
its consumption can be challenging. In this sense, the removal of 
condensed tannins from cashew apple juice, with a consequent 
reduction in astringency, elimination of turbidity,  and manufac-
turing quality is essential for its acceptance by consumers and for 
consumption with quality [5].

 Literature shows various studies of ion exchange resin 
application in food industries [6-10]. One of the main advan-
tages of using ion exchange resins is the removal of  un-
desirable products in the processes, to obtain a better-quality 
product [11,12]. Studies carried out by Edwin Veras [11] report-
ed the behavior of pH in passion fruit juice when the juice was 
treated with ion exchange resins. Recently, Akyildiz et al. [13] 
evaluated the behavior of pH and acidity in orange juice to de-
termine the effect of ion exchange  resins on the quality attributes 
and ability of some resins to reduce the acidity of this juice. 

 The equilibrium relationships in ion exchange are sim-
ilar to adsorption isotherms, where the separation is based on 
the interactions between adsorbent-adsorbed [14]. To under-
stand the ion exchange process, it is necessary to conduct 
studies assessing the adsorption through adsorption isotherms, 
thus obtaining information on the distribution of solute ad-
sorbed between the liquid and solid phases at several equi-
librium concentrations. Data obtained in the adsorption isotherm 
study are specific to each system and their determination should 
be performed considering each application [15]. In addition, 
the adsorption process is also used to improve the quality of the 
products studied.

 There are different models in literature describing the 
behavior of adsorption  isotherms using ion exchange resin [16-
23]. Among the models most used for the adsorption assessment 
are the Langmuir and Freundlich models [24]. In general, equi-
librium adsorption studies are carried out with ion exchange res-
ins in order to find the maximum adsorption capacity, the con-
centration of ions present in a solution, as well as to determine 
the model that best represents the experimental adsorption data 
[25].

 Another way to evaluate the separation process with ion 
exchange resin is by assessing the behavior of mass transfer and 
removal of matters in the fixed-bed. Several studies report the 
use of ion exchange resins in fixed-bed, which is applied to the 
environment through the removal of heavy metals in aqueous 
media and the removal of contaminants in wastewater [22, 26], 
and is further used in the food industry, for removal of substances 
that give an undesirable color to wine [12], removal of acidity 
in passion fruit juice [11] and removal of sugars in cashew ap-
ple juice [27]. The advantage of fixed- bed studies is to be able to 
evaluate the effects of the initial and final concentration on the 
breakthrough curves, as well as the mass transfer effect in the bed, 
as well as studying the efficiency of the resins [26].

 For real use in industrial scales an ongoing analysis is 
necessary, which can be done  through studies in the fixed-bed. In 
this sense, this work aims to evaluate the removal of condensed 
tannins that interfere in the drink quality through the evalua-
tion of ion exchange isotherms equilibrium. The study evaluated 
the use of different models (Freundlich, Langmuir, and Sips) 
and their adjustments to the fixed-bed breakthrough curves. 
In addition, an analysis of possible interferences in this removal 
of tannins with constituents present in cashew apple juice was 
performed.

Materials and Methods

Materials

 The materials used in this work were Tanex resin (batch 
4711T/09/2, Purolite), NaOH (Vetec, lot 1009504, cod 00113708), 
and reagents with detailed information given in Table 1. The ca-
shew pseudo-fruit were bought in the local market from two 
producing regions in Northeast Brazil: Rio Grande do Norte and 
Piauí (Table 1).
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Ion exchange resin

 The ion exchange resin used in this study was Tanex res-
in, which is  characteristically a macroporous strongly basic resin 
type 1 (ammonia quaternary), with styrene matrix and acrylic 
crosslinked with divinylbenzene containing chloride ions (Cl-

) as mobile counter ions. Tanex ion exchange resin has bead 
particles of 0.3-1.2 mm in diameter and 0.75 mm in size, with 
an exchange capacity of 0.6 eq/L in its physical properties. The 
choice of Tanex resin is related to the efficiency of the removal of 
condensed tannins based on previous studies to remove tannins 
to obtain clarified cashew  apple juice [28].

 In the ion exchange process, the Tanex resin is not regen-
erated prior to the first use as recommended by the supplier.

Preparation of the cashew apple juice

 The cashew apple juice was prepared in laboratory using 
cashew pseudo-fruit at an adequate ripeness stage. After the pur-
chase, the cashew pseudo-fruits arrived at the laboratory where 
they were selected, washed in running water, separated from the 
chestnut, and manually pressed to obtain the raw juice. Then, the 
raw juice was filtered in cotton cloth to obtain the integral cashew 
apple juice. After this step, the obtained juice  was packed in glass 
containers and kept at -18 °C for further analysis.

Content of condensed tannins

Tannin extraction: For extraction of condensed tannins present 
in cashew apple juice, acetone of 70% was used as solvent. The 
preparation of the solvent for the analysis followed the method-
ology described by Agostini-Costa et al. [29]. The acetone was 
completely evaporated at 40 oC using a vacuum rotating evapo-
rator of 700 mmHg (Solab, SL 126, Piracicaba / SP, Brazil) for 15 
minutes, and the aqueous residue was diluted with methanol in 
a 25 mL flask.

Table 1: Chemical sample used in this work

C3H6O
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Determining of Condensed Tannin Content: After extraction, 
the condensed tannins in the cashew apple juice extract were 
determined by the vanillin reaction according to the method 
described by Broadhurst and Jones [30] and modified by Agos-
tini-Costa et al. [29]. For this analysis, 5 mL of freshly prepared 
vanillin reagent solution, concentrated hydrochloric acid and 
methanol to the ratio 4:56:83 (m/v/v), respectively, were used. 
The reading of the absorbance was carried out at 510 nm using a 
visible UV spectrophotometer (Varian, Cary 50 Conc, São Pau-
lo, Brazil) within a maximum period of 1 hour. The calibration 
curve was done using (+) – catechin hydrate as standard. The re-
sults were expressed in mg of condensed tannins per 100 g of 
juice. The tests were performed in triplicate. To obtain the per-
centage of total removal of condensed tannins, eq (1) was used.

 where % rem is the total percentage of condensed tan-
nin removal; C0 is the concentration of the initial solution (cate-
chin/water), in mg/mL, or initial condensed tannins of the juice, 
in mg/100g of juice; C is the concentration of the final solution 
after ionic exchange process (catechin/water), in mg/mL, or final 
condensed tannins of the juice, in mg/100 g of juice.

Physicochemical Analysis

 The total soluble solids (°Brix) were determined through 
direct reading in a digital bench refractometer (Abbe model 

RTA-101); while the titratable total acidity was determined with 
0.1N NaOH titration in juice samples with 1 or 5 g, using phe-
nolphthalein as indicator, the results were expressed in g of citric 
acid per 100 g of juice; the measurement of pH was performed 
in samples of 5 mL cashew apple juice previously homogenized 
for 10 minutes, and determined by a digital pHmeter (MS Tec-
nopon, mA210, Piracicaba /SP, Brazil) previously calibrated with 
buffer solution 4.0 and 7.0. These analyses are in accordance with 
the methodology described by the Adolfo Lutz Institute [31].

 To determine the content of vitamin C, a titration meth-
od based on the reduction of 2-6-dichlorophenol-indophenol 
(DCFI) by L-ascorbic acid (AA) was applied using 1% metaphos-
phoric acid as extractive solution, according to the methodolo-
gy described by the Association of Official Analytical Chemists 
(AOAC, 967.21) adapted by Oliveira et al. [32].

Study of equilibrium in ion exchange column in fixed-
bed

 Studies of equilibrium in continuous systems were per-
formed in an experimental  apparatus containing a glass column, 
of 28.5 cm internal diameter and a height of 37.0 cm, coupled 
to a peristaltic pump (Tecnopon, model BP-200-D, São Paulo, 
Brazil). The system used for the ion exchange was comprised 
of a container for feeding solution, as shown in Figure 1. After 
the completion of the experiment, the feeding container was 
replaced by another container with distilled water used for bed 
washing (Figure 1).

Figure 1: Schematic representation of the ion exchange column, where (1) container for feed solution; (2) peristaltic 
pump; (3) ion exchange resin
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Experiment in fixed-bed column

 For ion exchange experiments in fixed-bed, the column 
was packed with 74 g of the selected ion exchange resin, which 
corresponded to a height of 20 cm. The packaging  was slowly per-
formed using distilled water. The column was fed with feeding 
solution at a flow of 3 mL/min. This flow was based on previous 
studies through preliminary tests with a flow of 16 mL/minute, 
where a preferred path was verified by the column, and also in 
literature data, where the flow around 3 mL/min provided a larger 
amount of mass adsorbed by the adsorbent [33,34]. The exper-
iments were conducted at 25 ± 1 °C. Samples of solutions that 
went through the column were collected at the column outlet 
(15 to 30 mL) at increasing intervals of 5, 10 and 60 minutes, 
for a total time of 360 minutes. The samples were kept under 
refrigeration for 18 hours until the analysis of the samples was 
analyzed. The amounts of standard catechin, condensed tannins, 
vitamin C, pH, °Brix and acidity were determined at the inlet and 
outlet of the column, according to the methodologies previously 
described. The experiments were performed in duplicate.

Effect of the type of initial solution on ion exchange process 
carried out in fixed- bed column

 In order to study the behavior of the mass transfer through 
the breakthrough curves and to evaluate the percentage of re-
moval of catechin, condensed tannins, vitamin C, as well as of 
the pH, °Brix and acidity, a study of the separation process in ion 
exchange resin in fixed-bed column was conducted. The study 
was conducted while considering two aspects: (i) to verify if vi-
tamin C and sucrose could influence the removal of catechin (de-
fined as the reference tannin for this study), (ii) and to evaluate 
how the different concentrations of tannins in cashew apple juice 
influence the percentage of removal of this compound by the se-
lected resin. For this second aspect, two studies were performed, 
one using standard solution (A and B) and another using cashew 
apple juice (1 and 2).

 Initially, a standard solution of (+) - catechin hydrate with 
initial concentration of 0.6 mg/mL (solution A) was used to ver-
ify the percentage of catechin removal through the resin selected 
in ion exchange column in fixed-bed, using a solution containing 
only catechin.

 Then, experiments were carried out using the solution 
defined as solution B, composed of the standards of catechin + 
ascorbic acid + sucrose in the proportions 0.6 mg/mL, 1.824 mg/

mL and 110 mg/mL (quantity based on the proportion of each 
in the cashew apple juice), respectively, to evaluate whether there 
would be interference of ascorbic acid and sucrose in the remov-
al of catechin. Ascorbic acid and sucrose were chosen to repre-
sent vitamin C and sugars present in the juice during the catechin 
removal  process.

 Based on the results obtained, experiments with cashew 
apple juice 1 (15 ± 1 mg/100g of tannins) and cashew apple juice 
2 (115 ± 1 mg/100g of tannins) were carried out to evaluate the 
influence of the two different condensed tannins initial concen-
trations present in the cashew apple juice during the process of 
removal of this compound. The juices were centrifuged at 3600 
rpm for 5 min before undergoing the exchange ion column, to 
avoid clogging of the bed.

Adsorption Isotherms of condensed tannins

 In this study, the adsorption of condensed tannin in ca-
shew apple juice was evaluated using the following models: Fre-
undlich, Langmuir, and Sips (eqs (2)-(4) respectively), since they 
are the most frequently used isotherms [24].

 
 where qe is the equilibrium amount of solute adsorbed 
per unit mass of adsorbent (mg/g), qm is the maximum adsorp-
tion capacity (mg/g), kL is the Langmuir constant related to the 
free energy of adsorption (mL/mg), Ce is the equilibrium con-
centration of the solute in the bulk solution (mg/mL), kF is the 
Freundlich constant indicative of the relative adsorption capaci-
ty of the adsorbent (mg/g), nF is the Freundlich parameter, qms 
is the Sips maximum adsorption capacity (mg/g), ks is the Sips 
equilibrium constant (mL/mg), and mS is the Sips model expo-
nent.

 Experiments were carried out in batch to evaluate the 
isotherms that represented the variation of the tannins fixed in 
the resin according to the remaining concentration of tannins in 
the solution of equilibrium.

 To obtain tannin concentrations in cashew apple juice, 
dilutions of the whole cashew apple juice were made in distilled 
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water. These experiments were performed with Tanex resin and 
all dilutions of juice using orbital shaker (Tecnal, TE-422, Pirac-
icaba/SP,Brazil), considering the proportion 1:6 (resin : cashew 
apple juice, w/w). According to this proportion, 250 mL erlen-
meyer containing 30.2 ± 0.3 g of whole cashew apple juice  and 
the dilutions thereof were used with initial concentrations of 
condensed tannins ranging from 27 ± 3 to 269 ± 2 mg/100 g of 
tannins and resin (5.0007 ± 0.0003 g). The system resin + juice 
was inserted into the orbital shaker at a speed of 122 ± 2 rpm, 
maintaining a constant temperature (25.0 ± 0.1 °C) for 1 hour. 
After this step, the cashew apple juice samples were separated 
from the resin through filtration, using a glass funnel with nylon 
mesh. The samples were put in 50 mL glass containers and then 
capped and placed under refrigeration for 18 hours. After this 
period, the juice filtered from the samples was decanted, and the 
supernatant samples analyzed by spectrophotometry to deter-
mine the equilibrium concentration of tannins remained in the 
juice’s supernatant after ion exchange (Ce, mg/mL). The amount 
of tannins removed per resin mass unit in the equilibrium (qe, 

mg/g) was calculated by the mass balance, using eq (5). The 
experiments were performed in duplicate.

 where qe is the amount of tannins in the resin at the 
equilibrium time (mg/g); C0 is the initial tannin concentration 
(mg/mL); Ce is the concentration at equilibrium (mg/mL); m is 
the resin mass (g); and V is the cashew juice volume (mL).

Results and Discussions

Adsorption isotherms of condensed tannins

 Ion exchange equilibrium studies were carried out and 
isotherm parameters were estimated for the Freundlich, Lang-
muir and Sips models. Data were experimentally obtained and 
fiftted for each model (Figure 2).

Figure 2: Equilibrium isotherms for the removal of condensed tannins in cashew apple juice by ion exchange 
with the Tanex resin and fitted isotherms using the Freundlich, Langmuir and Sips models

 It is possible to observe from Figure 2 that the Lang-
muir model did not fit the experimental data, which indicates 
that ion exchange does not occur in the monolayer. On the other 
hand, the Freundlich and Sips models present a better fit because 
they showed concave curves compared to the Langmuir mod-
el. According to the classification of Giles et al. [35], one of the 
characteristics of an S-type isotherm is the definition of concave 

curves at low concentrations. This behavior occurs when the ad-
sorbent-adsorbate interactions are weak, and the adsorption is 
controlled by adsorbent saturation [14, 36]. Among the possi-
ble types for concave curve, the shape of the curve observed for 
this study is in accordance with subgroup S-1, thus indicating 
that the adsorbent does not clearly show its adsorption capacity. 
According to Hinz [36], a competitive inhibition reaction that 
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forms complexes within the solution can stop the adsorption of 
a solute. In our case, the tannins contained in cashew apple juice 
could be bounded to another component forming a complex re-
action. It seems perfectly possible since it is known that one of 
the most important properties of the tannins is their ability to 
complex with macromolecules as carbohydrates (sugars). Since 
the cashew apple juice in aqueous phase is constituted of tannins 
and a large amount of carbohydrates [37], this fact could promote 
a complexation reaction.

 From the results presented in Figure 2, it was possible 
to calculate the parameters of each model applied to the ion ex-
change process between condensed tannins in cashew apple juice 
and the resin used. These parameters and the adsorption capaci-
ty of the resin are shown in Table 2.

Models Parameters Correlations
Freundlich kF (mg/g) 27.0 ± 1.5
 nF 0.35 ± 0.02

R2 0.9982
Langmuir qm 2102.8 ± 726729.5
 kL (mL/mg) R2 0.005 ± 1.889

0.6799
Sips qmS (mg/g) 27.4 ± 2.2
 kS (mL/mg) 2.2 ± 0.4
 mS 3.8 ± 0.1
 R2 0.9999

Table 2: Equilibrium parameters obtained by the fittings of the isotherm 
models using ion exchange with Tanex resin at 25.0 ± 0.1 °C

 Table 2 shows that Sips and Freundlich’s models provid-
ed good correlation coefficients (R2): 0.9999 and 0.9982, respec-
tively. The R2 values indicate that the experimental data demon-
strated a good fit from the proposed models. As the experimental 
adsorption capacity comes closer to the calculated one, the cor-
relation coefficient comes closer to 1, which was not observed 
for the Langmuir model (R2 = 0.6799). This is in agreement with 
studies carried out by Barros [38]. Still, considering the Lang-
muir isotherm, it can be verified that the parameter qm for this 
isotherm demonstrated considerable error, which means that 
there is a lack of statistical significance for this data as is shown 
in Figure 2. Thus, this model is not appropriate to describe the 
ion-exchange  process for cajuína (or clarified cashew apple 
juice). The Sips isotherm presented the highest degree of correla-
tion with the experimental data, as is evidenced by the R2 values 
in Table 2. Furthermore, ms > 1 implies that interactions took 
place between the components in cashew apple juice. This model 
obtained a maximum adsorption capacity  for the tannins (qms 

= 27.4 ± 2.2 mg/g). On the other hand, the Freundlich model 
also presented a good level of correlation (R2 = 0.9982), suggesting 
that multilayers adsorption was possible with a resin adsorption 
capacity for tannins (kF = 27.0 ± 1.5 mg/g) close to the one ac-
quired using the Sips model. However, the adsorption intensity 
(n = 0.35), which was determined following the Freundlich iso-
therm, was less than 1, indicating non- favorable adsorption.

Breakthrough Curves Analysis

 The analysis of the breakthrough curves in fixed-bed 
was carried out to evaluate the mass transfer of the compounds 
from solutions A and B, as well as from the cashew apple juices 1 
and 2. Table 3 summarizes the initial amounts of catechin, vita-
min C, pH, °Brix and acidity for both solutions, A and B, before 
passing through the column. 
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 It can be observed in Table 3 that catechin concentra-
tions for both solutions are the same (0.6 mg/mL). This suggests 
that the procedure used to quantify this component (described 
in section 2.3) presented a good level of precision (0.62 ± 0.01 
mg/mL for solutions A and B). For pH and acidity analysis, the 
difference that was found was related  to the addition of 1.824 mg/
mL of ascorbic acid to solution B. In contrast, for °Brix analysis, 
this can be explained by the sucrose addition.

Analysis Solution A* Solution B**

Catechin (g/L) 0.62 ± 0.01 0.62 ± 0.01

Vitamin C (mg/100g) NR 147 ± 5

pH 5.8 ± 0.0 3.1 ± 0.1

°Brix 0.0 11.0 ± 0.1

Acidity (g/100 g citric acid) NR 0.20 ± 0.00

Table 3: Chemical and physico-chemical analyzes of solutions A and B before 
ion exchange

Use of solutions for ion exchange in fixed-bed column

 Figure 3 presents the percentage of catechin remov-
al using solution A (catechin only) after going through the ex-
change ion column at 25 ± 1 °C for 360 minutes.

Figure 3: Removal percentage and breakthrough curve for the adsorption of catechin from solution A in a fixed-bed column 
packed with Tanex resin, as a function of time
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chin offered a steady resistance to mass transfer during the ion ex-
change over the experimental time. The resin’s total ion- exchange 
capacity for the catechin was not reached. In a study carried out 
by Takemura et al. [39], using a packed bed of ion exchange res-
in to remove germanium ions. It was observed that the rupture 
time occurred when the residence time in the bed increased, that 
is, when the flow rate decreased from 120 mL h -1 para to 60 mL 
h -1.

 Figure 3 shows that the resin in the fixed-bed column 
has completely removed all  the catechin with in the standard 
solution. This result indicates that the resin was selective with 
respect to the standard catechin, in line with the manufactur-
er’s specifications. According to this result, it was not possible 
standard catechin’s breakthrough curve. The removal occurred 
rapidly (< 15 minutes) and was maintained over the experiment 
(460 minutes). This observation suggests that the standard cate-

Figure 4: Breakthrough curves for catechin, vitamin C and °Brix using solution B in a fixed-bed column packed with Tanex 
resin as a function of time

 Figure 4 shows breakthrough curves of catechin, vita-
min C, and °Brix in solution B, using ion exchange at 25 ± 1 °C, a 
flow rate of 3 mL/minute in a fixed-bed column.

 It is possible to observe from Figure 4 that the catechin 
in solution B (catechin standard solution + ascorbic acid + su-
crose) was entirely removed. The presence of ascorbic acid and 
sucrose did no influence the removal of the standard catechin by 
the studied resin. Moreover, the standard catechin mass transfer 
also presented a steady characteristic. No breakthrough curve 
was obtained for this component. Thus, catechin contained in 
both solutions, A and B, showed the same behavior. Differently 
from what was observed for the catechins, breakthrough curves 
for vitamin C (ascorbic acid) and sucrose (°Brix) in solution B 
was achieved. This behavior refers to vitamin C and sucrose  could 
have occurred due to the different maximum capacities that the 

resin presents for the components in solution B for the studied 
conditions.

 In the breakthrough curve for the adsorption of vitamin 
C, the bed saturation was not reached, the experiment showed a 
C/C0 ratio of about 0.80. There was a trend for stabilization of 
the final concentration of vitamin C. On the other hand, bed sat-
uration was rapidly reached in the case of the sucrose (expressed 
by °Brix). As sucrose has more available ions (OH-) than vitamin 
C and standard catechin in solution B, this result is completely 
understandable for the studied conditions. The same flow rate 
at high concentrations passing through a fixed-bed column is 
prone to generate slightly sloped breakthrough curves [40,41]. In 
this study, sucrose is present in solution B (catechin - 0.6 mg/mL 
+ ascorbic acid – 1.824 mg/mL + sucrose - 110 mg/mL) with a 
higher proportion than the other components. This fact could 
promote a quick mass transfer between the constituents being 
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evaluated. After this period, the sucrose concentration (ºBrix) re-
turned to its initial value (11.0 ± 0.1), leading to the complete 
stripping of the column regarding  this compound.

Figure 5: Breakthrough curves for acidity using solution B in a fixed-bed column packed with Tanex resin, as a 
function of time

Figure 6: Breakthrough curves for pH using solution B in a fixed-bed column packed with Tanex resin, as a 
function of time

 Figures 5 and 6 show the breakthrough curves for pH 
and acidity in solution B,  during ion exchange at 25 ± 1 °C, a 
flow rate of 3 mL/minute in a fixed-bed column.
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 In Figure 5, it is noticed that the breakthrough curve for 
acidity exhibited a different profile in comparison to the other 
breakthrough curves during ion exchange in a fixed-bed column. 
After 80 minutes, experiments revealed that samples taken from 
the top of the column presented a reduction of 50% in acidity (C/
C0 = 0.5 ± 0.0). After 100 minutes, the column attained its com-
plete saturation (C/C0 = 1.0 ± 0.0), which was maintained until 
the runtime reached 360 minutes. At this time, the final product 
started to present the same acidity as the feed solution.

 The breakthrough curve for pH (Figure 6) also present-
ed a different profile from other curves. It was verified an increase 
in the pH of the solution at the exit of the column  at the beginning 
of the experiment. pH decreased until attaining 2.6 ± 0.1, a value 
close to that of the feed solution (3.1 ± 0.1) during the experi-
ment. Concerning the breakthrough curve, it was possible to ob-
serve that C/C0 ratio decreased from 1.35 ± 0.01 to 0.81 ± 0.01, 

from the beginning to the end of the experiment, respectively. 
This behavior for pH curve was also found by Veit et al. [42] in 
their study about biosorption of chrome (III) using a fixed-bed 
column. For this study, pH behavior can be elucidated by an 
ion-exchange mechanism between the ions contained in solution 
B.

Use of cashew apple juice for ion exchange in fixed-bed 
column

 Different batches of cashew apple juice were used to 
assess the mass transfer process presented by this product in a 
fixed-bed column packed with Tanex resin. The removal of tan-
nins and vitamin C was also evaluated. Table 4 presents the re-
sults of the chemical and physicochemical analysis for different 
batches of cashew apple juice centrifuged before the process in a 
fixed-bed column packed with Tanex resin.

Analyzes Cashew apple juice 1 Cashew apple juice 2

Condensed tannins (mg/100 g) 15 ± 1 115 ± 1

Vitamin C (mg/100 g) 185 ± 6 156 ± 5

pH 4.72 ± 0.01 4.21 ± 0.02

°Brix 11.6 ± 0.1 11.4 ± 0.1

Acidity (g/100 g citric acid) 0.30 ± 0.05 0.35 ± 0.01

Table 4: Chemical and physico-chemical analyzes of cashew apple juice of different batch-
es before ion exchange in fixed-bed column

 The data in Table 4 show that condensed tannin content 
presented a high degree of variability from one batch of cashew 
apple juice to another. This means 15 ± 1 mg/100 g in juice 1 and 
115 ± 1 mg/100 g in juice 2. Concerning vitamin C content, a 
concentration of 185 ± 6 mg/100 and 156 ± 5 mg/100 g for juice 
1 and 2 were, respectively, verified. Despite this remarkable dif-
ference between the batches in terms of tannins and vitamin C, 
acidity mean values were very close for both cashew juices, 0.30
± 0.05 in juice 1 and 0.35 ± 0.01 in juice 2. Regarding to the pH 
and the sucrose (⁰Brix), it can be verified that there is no mean-
ingful difference between the batches of cashew apple juice.

 Figure 7 presents breakthrough curves of condensed 
tannins, vitamin C, and sucrose in cashew apple juices 1 and 2, 
during ion exchange with Tanex resin, at 25 ± 1 °C, at a flow rate 
of 3 mL/min in a fixed-bed column.
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Figure 7: Breakthrough curves for tannins, vitamin C and °Brix in cashew apple juice 1 (J1) and 2 (J2), in a fixed-bed 
column packed with Tanex resin, as a function of time

 When comparing juice 1 to 2 (Figure 7), it is possible 
to verify that the breakthrough curves presented a different be-
havior for the adsorption of the condensed tannins. Further-
more, both juices could not reach saturation point in the studied 
conditions. If the saturation of the fixed-bed column is desired, 
then an extension of the experimental time would be necessary. 
Concerning the tannins removal from juice 1, after  a runtime 
of 20 minutes in the fixed-bed column, about 55 ± 1% of this 
component had been removed. At 60 minutes, this removal de-
creased to 20 % (C/C0 = 0.80), maintained until the end of the 
experiment.

 This difference in condensed tannins removal is mostly 
due to the low content of this constituent in juice 1 (15 ± mg/100 
g) about juice 2 (115 ± 1 mg/100 g). On the other hand, the re-
moval efficiency for juice 2 (with high tannins content) was more 
pronounced than for juice 1 at 60 minutes and reached 80 ± 1% 
(C/C0 = 0.20). This result confirms the effect of tannins from ca-
shew apple juice on the ion exchange process, as reported by Vidal 
and Pereira [27, 28]. They claimed that higher removal efficien-
cies in condensed tannins were observed for cashew apple juice 
supernatant concerning a juice submitted to a 50 % dilution. In 
other words, the higher the condensed tannins contents are in 

the juice, the higher the removal efficiency will be. This removal ef-
ficiency can also highlight the resin affinity with the tannins pres-
ent in the cashew apple juice. Considering the mass transfer zone, 
ion exchange in Tanex resin seemed to be more efficient for juice 
1 than for juice 2. However, the considerable removal efficiency 
was verified for juice 2. The results for both cashew apple juices 
indicate that it is possible to obtain cajuína using ion- exchange 
resin in a fixed-bed.

 Regarding juice 2 (Figure 6), the curve for the con-
densed tannins presented by this juice reached the breakthrough 
point (C/C0 = 0.22) within 180 minutes and reached the exhaus-
tion point (C/C0 = 0.74) within 300 minutes. Contrary to the re-
sults observed for juice 1 - which presented lower initial tannins 
(15 ± 1 mg / 100 g) and reached saturation within 60 min, faster 
than juice 2. This is possibly due to the fact that juice 2 had a 
higher amount of tannins in the solution (115 ± 1 mg/100g), 
which favor the occurrence of greater resistance in the mass 
transfer during ion exchange between the tannins and the resin.
However, the behavior of the breakthrough curves for condensed 
tannins in juice 1 and 2 was different with regards to the behavior 
of the breakthrough curve for the standard catechin (Figure 4) 
in solution B (catechin + vitamin C + sucrose); whose catechin 
present in the solutions was completely removed by the resin. 
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One hypothesis could be that the tannins might be interacting 
with other components in cashew apple juice, different from 
those in solution B. The tannins may be bound to some com-
pound forming a complex that favors resistance during separa-
tion. This complies with the concave shape of subgroup S-1 in 
the isotherm of equilibrium (Figure 2). Regarding juices 1 and 
2, this resistance proved to be lower for juice 1 since the higher 
amounts of tannins present in juice 2 favored their removal by 
the resin, thus confirming the effect of tannin concentration on 
the cashew apple juice in the ion exchange process for obtaining 
clarified cashew apple juice [28]. Moreover, this result indicates 
that this resin can also be used to remove tannins when these are 
present in cashew apple juice in high initial concentrations.

 The behavior of the breakthrough curves for the ad-
sorption of condensed tannins from both juices were also com-
pared. Can stated that the curves are different. Possibly, the con-
densed tannins in cashew apple juices 1 and 2 could be bounded 
to some compound forming a complex that promotes resistance 
during the separation. This statement is in accordance with what 
is described by the concave shape of the equilibrium isotherm in 
the sub-group S-1 (Figure 2). When considering the resistances 
between juice  1 and 2, it was observed that the resistance for juice 
1 was lower than that for juice 2. This may occur because a higher 
content of tannins in juice 2 than in juice 1 can favor the removal 
of this component using resin Tanex. This fact confirms the ef-
fect of tannins concentration in the cashew apple juice on the ion 
exchange process to obtain the clarified cashew apple juice [28]. 
Moreover, it indicates that such resin can also be used to remove 
tannins from cashew apple juice with high initial contents of this 
compound.

 The breakthrough curve for the adsorption of vitamin 
C from juice 1 did not present a saturation point; likewise, this 
was observed for the condensed tannins in the same juice. After 
a runtime of 300 minutes, it was possible to achieve a removal 
efficiency of around 9 % in terms of vitamin C concerning the 
initial concentration. This low removal means an advantage for 
the final product (cajuína) since most of the vitamin C was pre-
served in juice. The results obtained for juice 1 endorse the fact 
that cajuina can be produced with high vitamin C content by us-
ing ion-exchange resin in a fixed bed. In addition, a runtime of 
180 minutes will make it possible to maintain low concentrations 
of tannins in juice to produce cajuína.

 When the breakthrough curve for the adsorption of 
vitamin C from juice 2 is observed, it can be implied that the 

curve describes a similar profile to the one described  by vitamin 
C in juice 1. This indicates a specific characteristic of the Tanex 
resin concerning vitamin C in cashew apple juice. Although the 
juices presented differences for the amounts of vitamin C (juice 
1: 185 ± 6 mg/100 g and juice 2: 156 ± 5 mg/100) before passing 
through the fixed-bed (Table 4), this result indicates that a devi-
ation of almost 20% between the amounts did not influence this 
component removal by the Tanex  resin.

 The mass transfer zones (Figure 7) show differences be-
tween the breakthrough curves for adsorption of both: vitamin 
C and condensed tannins from juice 1. As can be seen in Table 4, 
there is a considerable difference between the initial concentra-
tion of vitamin C (185 ± 6 mg/100 g) and condensed tannins (15 
± 1 mg/100 g) in juice 1. This represents that at the beginning of 
the experiment, the condensed tannins (in low concentrations) 
presented a lower resistance to the mass transfer in the fixed bed 
than the vitamin C. This finding also suggests the formation 
of complexes with the sugars in cashew apple juice during the 
tannin’s separation. The vertical behavior at the beginning of the 
curve indicates that vitamin C was in higher concentration than 
condensed tannins. As a result, significant resistance to mass 
transfer was promoted into vitamin C onto the Tanex resin in 
fixed-bed. In the case of juice 2, a similar behavior was noticed 
between the breakthrough curves for the adsorption of these 
components (vitamin C and condensed tannins) under such 
conditions.

 Another point of interest is that the breakthrough 
curves for the adsorption of vitamin C from juice 1 and 2 are 
similar to that obtained when solution B was passed through the 
fixed-bed column (Figure 4). This may be explained by the values 
of vitamin C initial concentrations in both juices, which are close 
to the vitamin C concentration (147 ± 5 mg/100 g) initially con-
tained in solution B (Table 3).

 It is interesting to notice in Figure 7 that breakthrough 
curves for the adsorption of sucrose (⁰Brix) from juices 1 and 
2 were the only ones to present signs of resin saturation, which 
did not take place for condensed tannins and Vitamin C. More-
over, the  breakthrough curves for the adsorption of sucrose from 
both juices describe a similar profile to that obtained for the 
adsorption of sucrose from solution B (catechin + vitamin C + 
sucrose). This result is probably due to the high proportion of 
sugar in cashew apple juice in relation to the other constituents. 
In a study carried out by Azevedo and Rodrigues [37], they detect-
ed a considerable amount of sugar in the juice when compared 
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to the amounts of condensed tannins and vitamin C. This study 
confirms that when the same flow rate at high concentrations 
is applied to a fixed-bed column, this can promote a quick mass 
transfer as well as bed saturation, which is shown for solution B. 
This also indicates that the amount of sugar in the bed inlet will 
not interfere with cajuína quality since Tanex resin continues 
to remove condensed tannins, an undesirable component, and 
maintains the initial concentration of sugars after bed saturation, 
expressed in ⁰Brix.

 Figures 8 and 9 show the breakthrough curves for the 
acidity and pH in cashew apple juice 1 and 2, during ion ex-
change with Tanex resin, at 25 ± 1 °C, at a flow rate of  3 mL/
minute, in fixed-bed column.

Figure 8: Breakthrough curves for acidity in both juices J1 (a) and J2 (b), in a fixed-bed column packed with 
Tanex resin, as a function of time
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Figure 9: Breakthrough curves for pH in both juices J1 (a) and J2 (b), in a fixed-bed column packed with Tanex 
resin, as a function of time

 The breakthrough curve for the acidity during the ion 
exchange (Figure 8)  exhibited a different shape when juice 1 and 
2 were compared and a similar shape if solution B behavior is 
considered. At a runtime of 180 minutes, it was possible to verify 
that the resin had reached its saturation (C/C0 = 1), i.e., equi-
librium was attained, and juice 1 (Figure 8a) presented its same 
initial degree of acidity (0.3 ± 0.05 g/100g of citric  acid). The same 
behavior was perceived for the acidity in juice 2 (Figure 8b). The 
bed attained its equilibrium at 180 minutes. The final product 
presented the same degree of acidity from the initial solution 
(0.35 ± 0.01 g/100g of citric acid). As can be observed in Table 3, 

a slight difference between the acidities of juice 1 and 2 had no 
apparent effect on the ion-exchange process using a fixed-bed 
column. Askyildiz et al. [13] used weak base anion exchange res-
ins in the deacidification of orange juice and found a reduction 
(23.08%) in acidity.

 As discussed before, for solution B, the profile de-
scribed by the breakthrough curves for pH can be attributed to 
the ion-exchange mechanism among the ions found in cashew 
apple juices 1 and 2. The breakthrough curves for the pH in juice 
1 and 2 (Figure 9) also exhibited a different shape when compared 
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to the other curves and a similar shape when solution B behavior 
is considered. For juice 1, at the beginning of the experiment, 
it can be stated that the pH increased at the column outlet in 
the first 60 min (6.51± 0.01, Figure 9a). Over time this pH de-
creased until it reached 4.25 ± 0.03, a value near to that observed 
for the feed solution (4.72 ± 0.01). Juice 2 showed similar behavior 
to what was observed for juice 1 and solution B. For this juice 
(Figure 9b), the pH values decreased over the experimental time 
until they reached a value of 3.65 ± 0.02, near the value observed 
for the feed solution (4.21 ± 0.02).

 Akyıldız et al. [13] observed that pH values of orange 
juice increased by up to 23.08% (3.33 ± 0.06 to 4.10 ± 00.1) when 
they evaluated the pH of the juice passed through a column of 
ion exchange resins with a flow rate of 10 mL/min. And also ob-
served a reduction in acidity in the same proportion. The same 
was reported by Edwin Vera et al. [11] when they treated passion 
fruit juice in ion exchange resins that increased the pH from 2.93 
± 0.03 (unprocessed) to 3.3.

Conclusions

 In this work, a process of tannin removal from cashew 
apple juice was assessed using catechin and cashew apple juice, 
with the purpose of analyzing the process in a fixed-bed column. 
Among the assessed models, Freundlich and especially Sips pre-
sented the best fitting for the experimental data. The Langmuir 
model was not recommended for use for this system. The fixed-
bed column studies indicated that the presence of vitamin C and 
sucrose did not influence the removal of catechin contained in 
solution B during ion exchange and that Tanex resin was highly 
selective for catechin. For two different concentrations of initial 
tannins in cashew apple juice (high and low tannin content), 
it was found that both juices promoted appropriate conditions 
to obtain cajuína, although a greater resistance is verified in the 
mass transfer; which confirms the affinity of Tanex resin with the 
condensed tannins. Given those mentioned above, the fixed-bed 
process using ion exchange resin allowed us to assess the effects of 
initial and final concentrations on the breakthrough curves and 
the mass transfer to the main components contained in cashew 
apple juice. Furthermore, the results of this study indicated that 
such a process could be considered an alternative for the produc-
tion of clarified cashew apple juice or cajuína, applying techno-
logical innovations to obtain a product within the quality stan-
dards, enabling a smooth control process and the standardization 
of the final product.
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