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INTRODUCTION
Arsenic  is  classified  as  one  of  the  most  toxic  and

carcinogenic chemical element constituent, thereby posing
epidemiological problems to human health [1]. Arsenic
pollution has been seriously observed not only in various
mineral and chemical processes but also in some ground
water  and/  or  hot  spring  water  over  large  areas  in
Laguna region of Coahuila State in Mexico, as well as in
other countries such as Bangladesh, West Bengal in India,
Inner Mongolia in China and Japan [2]. European Com-
mission has recently revised the maximum concentration
limit (MCL) for arsenic in drinking water,  which has
been reduced to 0.010 mg/L and by 2002 all  drinking
water supplies must comply with this new limit [3]. In
Mexico this  limit  still  has  not  been adopted,  and the
value of 0.050 mg/L is accepted.

Most common arsenic species found in aqueous me-
dia are anionic species of arsenate (As V) and arsenite
(As III). Arsenate is the thermodynamically stable form of
inorganic species and it generally predominates in surface
waters. Arsenite is favored under reducing conditions, such
as in anaerobic ground waters. Arsenite is far more toxic
in biological systems than arsenate. Organic arsenic species
occur in natural waters commonly due to organo-arseni-
cal pesticides use or the biomethylation mechanisms of
microorganisms. The toxicity of organo-arsenicals is gen-
erally lower than that of inorganic arsenic species [4].
The demand for effective and inexpensive adsorbents is

ÓÄÊ 577.15.02

ÈÑÏÎËÜÇÎÂÀÍÈÅ ÏÅÊÒÈÍÌÅÒÈËÝÑÒÅÐÀÇÛ È ÙÅËÎ×ÍÎÃÎ
ÃÈÄÐÎËÈÇÀ ÄËß ÌÎÄÈÔÈÊÀÖÈÈ ÎÑÒÀÒÊÎÂ ÔÐÓÊÒÀ
ÌÀÐÀÊÓÉß ÏÐÈ ÓÄÀËÅÍÈÈ ÈÎÍÎÂ ÌÛØÜßÊÀ
À. Èëüèíà, Õ.À. Âèëüÿðåàë-Ñàí÷åñ, À.Í. Ïåðåñ-Êàððåîí, Ã. Ìåíäîñà-Ãàðñà,
Õ. Ìåíäîñà-Òîãà, Ý.Ï. Ñåãóðà-Ñåíèñåðîñ, Õ.Ë. Ìàðòèíåñ-Ýðíàíäåñ
(1Õèìè÷åñêèé ôàêóëüòåò Àâòîíîìíîãî óíèâåðñèòåòà øòàòà Êîàóèëà, Ìåêñèêà, Blvd.
V. Carranza e Ing. J. Cárdenas V., C.P. 25280, Saltillo, Coahuila, México. Ôàêñ: 52-844-415-
95-34; e-mail: anna_ilina@hotmail.com)
Íåðàñòâîðèìàÿ ôðàêöèÿ îòõîäîâ ïðè ïðîèçâîäñòâå ñîêà ìàðàêóéè ÿâëÿåòñÿ âàæ-
íûì èñòî÷íèêîì âîëîêîí, êîòîðûå ìîæíî èñïîëüçîâàòü äëÿ ïîëó÷åíèÿ ñ õîðîøèì
ýêîíîìè÷åñêèì ýôôåêòîì íîâûõ ìàòåðèàëîâ. Ïîêàçàíî, ÷òî ïðè ïðîâåäåíèè ïðî-
ñòûõ õèìè÷åñêèõ è ôåðìåíòàòèâíûõ ìîäèôèêàöèé îòõîäîâ êîæóðû ìàðàêóéÿ è
âîëîêîí ìîæíî ïîëó÷èòü ìàòåðèàë äëÿ ýôôåêòèâíîãî óäàëåíèÿ èîíîâ ìûøüÿêà.
Îñòàòêè êîæóðû ìàðàêóéÿ ñîäåðæàò áèîïîëèìåðû, íàïðèìåð, ñïëåòåííûé ïåêòèí,
êîòîðûå áûëè ìîäèôèöèðîâàíû õèìè÷åñêè èëè ôåðìåíòàòèâíî ñ ïîìîùüþ ïåê-
òèíìåòèëýñòåðàçû. Ýòîò ôåðìåíò ðàçðûâàåò ýôèðíûå ñâÿçè ïðè ìåòèëüíûõ ãðóï-
ïàõ ïåêòèíà íåðàñòâîðèìîé ôðàêöèè, ÷òî ïðèâîäèò ê îáðàçîâàíèþ äåìåòîêñèëèðî-
âàííûõ ïåêòèíîâ. Ìàòåðèàëû, ïîëó÷åííûå ïðè ãèäðîëèçå äâóìÿ ìåòîäàìè (ùå-
ëî÷íîé è ôåðìåíòàòèâíûé ãèäðîëèç), îáëàäàëè ïðèìåðíî îäèíàêîâîé
àäñîðáöèîííîé ñïîñîáíîñòüþ. Âîëîêíà, ãèäðîëèçîâàííûå õèìè÷åñêèì ìåòîäîì,
ëó÷øå àäñîðáèðîâàëè èîíû æåëåçà (III).

on the increase in response to the widespread recognition
of  the  deleterious  health  effects  of  arsenic  exposure
through drinking water.

To date, arsenic has been removed by means of the
different methods: co-precipitation with  ferric sulfate, lime
softening, alum precipitation and precipitation as  the sul-
fide using either  sodium sulfide or  hydrogen sulfide.
Other treatment techniques for arsenic removal are re-
verse osmosis, ion-exchange, flotation and adsorption on
iron oxides or activated alumina [5–7]. These methods
have been reported to  be  effective mainly for  the re-
moval of pentavalent arsenic. Therefore, a pre-oxidation
step is  usually  required,  in  order  to  achieve efficient
removal trivalent As. Although, among these methods, the
iron coprecipitation method has been reported to be the
most successful in lowering the arsenic content to drink-
ing water standard level, it still suffers from a post treat-
ment problem regarding the alkaline sludge produced after
the treatment [8]. In view of this, an alternative adsorption
gel prepared from cheap residues of maracuya juice has
been explored in the present work. Effective use of fruit
or plant wastes has become one of the promising fields
of investigation due to the availability of the raw materi-
als  at  almost  no cost  as  well  as  due to  their  environ-
mentally friendly nature [9], which can help to resolve
the problem of sludge post treatment.

To reach this  goal,  we prepared an adsorption gel
from fiber of maracuya juice residue by means of simple
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chemical modification with hydrogen peroxide followed
by alkaline or  enzymatic hydrolysis,  addition of  iron
(III) and examination of arsenic adsorption using the
sample of ground water from Laguna region, Mexico. As
enzyme the pectin-methyl esterase was applied. This
enzyme breaks the ester bonds of  methyl ester groups
in the pectin resulting in demethoxylated pectins. A sim-
ilar  adsorption gel  was also prepared from maracuya
juice residue by means of  the same treatment so as  to
compare its  adsorption behavior for arsenic with that
prepared from the maracuya fiber and in order to val-
idate the application of  the latter adsorption gel.  The
absorption of  arsenic  by  maracuya juice residue and
maracuya fiber without iron (III) and hydrolysis treat-
ment was also carried out.

MATERIALS  AND  METHODS
Samples of crude maracuya waste were provided by

the maracuya juice factory at Puebla (Mexico). Applied
reagents were the analytical  grade and were provided
from Jalmek (Mexico).  iethyldithiocabamate  silver
sa l t  was  purchased from Sigma Chemical  Company
(USA) and Zinc from J.  T.  Baker (USA). Citric  pec-
tin-methyl  esterase  was  kindly  provided  by  Coyote
Foods Inc. (Mexico).

Maracuya fiber obtaining
Maracuya fiber (MF) was obtained from crude fruit

waste according the method described previously [10].
Passion fruit shells were cut and washed with ethanol/
acetone (1:1) to inactivate the natural enzymes that are
present in the natural material. One part of the washed
maracyua waste was used in the next  assay,  hereafter
abbreviated as MW.

The other part of washed shells was treated by steam
in an autoclave for  20 minutes.  The remainders were
washed with distilled water twice in a ratio of 1:2 (w/v).
The soluble pectin was eliminated in this step. The solid
material was dehydrated first by ethanol (2x) and then
by acetone (1x). The obtained dehydrated material (MF)
was powdered and packed in plastic containers.

Maracuya waste (MW) and fiber (MF) treatments
Before the hydrolysis, the shells treated in the previ-

ous step and obtained fiber were washed with distilled
water  (6  L  per  20  g  of  material)  to  eliminate  the  low
molecular weight compounds. The humid samples were
treated  twice  with  300  ml  of  3% hydrogen peroxide
for 8 h followed by the vigorous washing with distilled
water and finally obtained oxidized MW (OMW) and
oxidized MF (OMF).

The alkaline hydrolysis of obtained materials (OMF
and OMW) was  carried  out  by  addition  of  15  ml  of
1 M NaOH to each g  of  material  and the mixture was
incubated at room temperature for 24 h in batch reac-

tors  with  agitation of  100 rpm.  After  hydrolysis,  the
materials  were washed with distilled water to neutral
pH. The names of obtained materials were abbreviated
as CHOMW (chemically hydrolyzed, oxidized maracuya
waste) and CHOMF (chemically hydrolyzed, oxidized
maracuya fiber). The process was stopped by vacuum fil-
tration when there was no change in pH, and followed
by washing with ethanol/acetone (1:1)  mixture.  The
amount  of  initial  and  hydrolyzed  H

+
 exchangeable

groups was  calculated by titration in  the presence of
phenolphthalein [9].

The enzymatic  hydrolysis  was  carried out  at  40°C
under similar agitation condition. The reactors contained
19 ml of  distilled water at  pH 7 and 0.5 ml of  enzyme
solution for each g  of  material  (shells  or  fiber treated
as described previously). The enzyme addition was per-
formed  only  after  3  h  of  incubation  of  materials  in
water  after  verifying  that  the  pH was  stable  at  7,  in
order to avoid unspecific pH changes. After enzyme ad-
dition, the pH was monitored and manually adjusted to
7.0 by using 0.02 M NaOH solution. The process was
stopped by vacuum filtration when there was no change
in pH, and followed by washing with ethanol/acetone
(1:1) mixture. The quantity of  hydrolyzed groups was
calculated from the values of alkali used for maintaing
the pH. The names of obtained materials were hereafter
abbreviated as EHOMW (enzymatically hydrolyzed, oxi-
dized maracuya waste) and EHOMF (enzymatically hy-
drolyzed, oxidized maracuya fiber). The enzyme activity was
measured previously by means of monitoring the kinetics
of the proton liberation during pectin hydrolysis process
and pH was  adjusted to  7.0  with  0.02 N NaOH [11].
One activity  unit  (U)  was  defined  as  the  amount  of
enzyme that catalyzed the formation of 1 mmol of H

+

in 1 min under the experimental conditions. The activity
was 2.49±0.29 U/ml.

Adsorption of iron (III)
In this assay the waste and fiber treated with perox-

ide and chemically or enzymatically hydrolyzed (OMW
and  OMF,  CHOMW and  CHOMF,  EHOMW and
EHOMF) were used. The adsorption of iron (III) was
carried out in batch process for 24 h, using initial con-
centrat ion  of  Fe  (III)  a t  0 .3  M  and  the  sample  of
maracuya gels at 0.1 g/ml for EHOMW and EHOMF,
a s  w e l l  a s  f o r  OMW  a n d  OMF ,  a n d  0 . 7  g /m l
CHOMW and CHOMF. The time of assay was chosen
based on the data reported previously by Ghimire et al.
[9]. The gels obtained after treatment was washed with
the  distilled  water  three  times  by  using  on  the  same
volume as was applied for a treatment. The initial and
final  concentrations of  iron as  well  as  the Fe (III)  in
water obtained after washing were determined by gravi-
metric method based on iron hydroxide precipitation b y
means of  10% NH4OH solution [12].
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Analytical method for arsenic detection
Arsenic detection in groundwater samples of Laguna

region of  Coahuila  State  (Mexico)  before  and after
treatments with the test materials was carried out spec-
trophotometrically, according to a technique described in
Official Mexican Norm as NOM-AA-46-1981 [13]. This
method is based on application of diethyldithiocabamate
silver  salt  in  pyridine  for  detection  of  AsH3 formed
during  the  reduction  process  of  the  arsenic  species
present on water.  The detection limit of  this  method,
according the calibration plots obtained at 525 nm by
Pérez Moreno et  al.,  was  0.01 mg/ml [14].  The cali-
bration plot was described by linear trend, characterized
by equation y =  16,236x  +  0,0284  (R

2
 =  0,982).

Procedure of the As adsorption test
Adsorption tests were carried out under batch condi-

tions.  In the batch test,  the defined quantity of  dried
material (0.1, 0.5, 1, or 5 g) was placed in a flasks with
100 ml aqueous sample containing the As ions. In the
case of  assays performed with iron (III)-loading and
unloading  mater ia l s  0 .1  g  and  1  g  o f  samples  per
100 ml of  water were applied.

The pH of  the  water  samples  from Laguna region
(Mexico)  was  adjusted  to  pH 3  by  addition of  small
amounts of HCl, and the assay was also carried out with-
out addition of  acid.  The original  pH of  groundwater
sample was 8.4. The flasks were shaken vigorously in a
shaker at room temperature for 24 h. The pH was mea-
sured before and after  incubation by means of  CON-
UCTRONIC PC 45 pH meter. The As concentrations
before and after adsorption as well as on solutions ob-
tained after double washing of absorbent materials with
30 ml of distilled water, were measured spectrophotomet-
rically by means of NOM-AA-46-1981 method [13–14].

RESULTS  AND  DISCUSSION

Maracuya waste (MW) and fiber (MF) treatments
MW contains cellulose, pectins, hemicellulose, yellow

pigment and other low molecular weight compounds

[10]. Previous studies demonstrated that the maracuya
shells  contained 30–35% of  pectins,  and the 16% of
them is insoluble in water. The maracuya fiber (MF) is
free of soluble pectins, as they are removed during the
fiber preparation. However, the pigments had some sol-
ubility in water,  and they were removed by hydrogen
peroxide treatment of shells (MW) and MF and there-
by  eliminated  the  coloration  as  well  as  the  specific
maracuya scent in the studied materials. It also was con-
sidered that peroxide treatment also helped to increase
the quantity of  oxidized groups that can bind with Fe
(III) ions.

The active binding sites for metals  are supposed to
be the functional carboxylic groups of the pectins. We
demonstrated previously that maracuya pectins are highly
methoxyl  polysaccharides;  up  to  80% of  carboxylic
groups are present as methyl-ester [10]. The content of
carboxylic groups in the original MW was considered
not  to  be  sufficient  to  strongly  load enough Fe (III)
to adsorb arsenic.

The  p e c t i n  c on t en t  o n  OMW  and  OMF  wa s
demethoxylated in order to convert its abundant meth-
ylester (–OCOCH3) groups into carboxylic groups with
an affinity for ferric iron to enhance the loading capac-
ity  for  iron.

The hydrolysis was carried out by means of chemical
alkaline treatment and enzymatically in the presence of
citric pectin-methyl esterase. The results (Table 1) dem-
onstrated that alkaline hydrolysis increased the H

+
-ex-

changeable  groups  by  1.75  and  8  fold  in  OMW and
OMF respectively. The greater quantity of hydrolyzed
groups in OMF was due to pretreatment of MW, which
eliminated considerable part  of  soluble material  and
concentrated the fiber polymeric fraction. Hence, the
same weight of the MF contained higher polysaccharide
content than the one in MW. The interpretation of re-
sults obtained by this chemical process was difficult due
to the low specificity of the chemical hydrolysis. Many
groups presented in the maracuya shell or fiber may be
hydrolyzed by means of alkali and the residual concen-
tration of  was detected by titration and considered as

T a b l e  1

 Quantification of hydrolyzed groups based on the change of alkalinity after chemical hydrolysis measured by
titration

Sample/process Amount of initial H+ exchange 
groups,  mol 

Amount of final H+ 

exchange group,  mol 
Concentration of  hydrolyzed 
groups per g of material, 
mmol/g 

OMW/alkaline 
hydrolysis 

0.0002 0.00035 6.8 

OMF/alkaline 
hydrolysis 

0.0002 0.0016 8.0 
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the  H
+
-exchangeable groups. The amount of exchange-

able  cat ions  for  OMW and  OMF  was  6 .8  and  8 .0
mmol/g respectively and was significantly higher than
the values reported for cellulose material  and orange
waste, which were 1.02 and 1.72 mmol/g respectively [9].

In the case of enzymatic process, alkali was used to
neutralize the proton produced during the enzymatic
reaction, which was specifically related to the increase
in the content of  free carboxylic groups (Table 2).  To
calculate  the  data  presented  in  the  Table  2,  we  as-
sumed that  one hydroxyl  participated in the  hydrol-
ysis  of  one group of  polysaccharides.  The concentra-
tion of enzymatically hydrolyzed groups was consider-
ably  lower  than  one  quantified  after  the  chemical
hydrolysis. However, these data provided real informa-
tion  about  the  amount  of  –COOH groups.  Higher
concentration  of  carboxyl  group  was  detected  on
OMW.  It  may  be  due  to  the  reason  that  some  part
of pectin is  dissolved [10] during the pretreatment of
MW performed to  obtain  the  MF and the  OMF was
purer  in  pectin  than OMW.

In both  cases,  the  evidence  of  the  hydrolysis  was
obtained and the amounts as well as concentrations of
hydrolyzed groups were calculated (Tables 1 and 2). It
was observed that  the greater  quantity of  hydrolyzed
groups  per  g  of  applied  materials  was  obtained with
chemical hydrolysis.

Adsorption of iron (III)
The hydrolyzed and un-hydrolyzed samples were fur-

ther loaded with iron (III) in order to create a suitable
chelating environment  for  arsenic  removal.  Table  3
showed the adsorption of Fe (III) on the different test
materials  used in  this  study.  The balance of  Fe  after
removal from initial solution was obtained by consider-
ing  the  presence  of  iron  in  solutions  obtained  after
washing. Although in all cases the red gels (iron color)
were obtained after the treatment, the low sensitivity of
gravimetric measurements did not permit the quantifica-
tion  of  adsorbed  Fe  (III)  for  the  un-hydrolyzed  or
enzymatically hydrolyzed samples.

The initial pH of iron solution was 3. However, after
the adsorption process the pH was decreased (Table 3).
As mentioned previously, iron (III) was considered to
be  adsorbed  on  the  carboxyl  group of  the  materials
according to a  cation exchange mechanism. This was
further supported by the fact that the pH of the aque-
ous iron solution had been decreased after adsorption,
which could be attributed to the release of protons dur-
ing the adsorption process. At the same time, it  is  well
known that the chemical species of iron in the weakly
acidic conditions involved in the adsorption of the hy-
drolyzed form of  iron (III) [15].

The Table 3 shows that the adsorption of iron (III)
was quantified only for chemically hydrolyzed samples
(CHOMW and CHOMF), which was characterized by
the  presence  of  higher  concentration  of  cation  ex-
changeable groups. The results also correlated with their
concentrations (Table 2): higher concentration and Fe
( I I I )  a b so rp t ion  wa s  d e t ec t ed  on  f i be r  s amp le
(CHOMF)  than  on  shell  sample  (CHOMW).  The
higher  va lue  of  i ron  (III)  uptake  capacity  by  the
chemically  hydrolyzed samples  might  be  due  to  the
synergistic effect of additional carboxyl functionalities
present within the polymer matrix which in turn could
accommodate more metal ions.

The loading capacity for  iron (III)  was lower than
one reported for cellulose material and orange waste, which
were 1.21 mmol/g and 0.96 mmol/g respectively [9].

After determination of the maximum loading capacity
of the corresponding materials, they were dried in order
to  investigate  their  adsorption capacity  for  As  from
groundwater sample.

As adsorption test
Removal tests of arsenic with the iron (III)-loaded

and unloaded materials were carried out in batch con-
ditions. The water sample from Laguna region, Coahuila,
Mexico containing 0.032 mg/ml of  As  at  pH 8.4  was
applied. The results on the adsorption of arsenic with
unmodified maracuya waste (MW) and maracuya fiber
(MF) are  given in  Table  4.  ue  to  the  detection limit

T a b l e  2

 Quantification of hydrolyzed –COOCH3 groups in enzymatic hydrolysis, based on evaluation of NaOH
(0.02 M) applied to maintain pH 7

Sample/process Volume of 0.02 M NaOH 
applied to maintain pH, ml 

Quantity of OH- groups, 
mol 

Concentration of  hydrolyzed 
groups per g of material, 
μmol/g 

OMW/enzymatic 
hydrolysis 

5.5 0.00011 55 

OMF/enzymatic 
hydrolysis 

13 0.00026 26 
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of As (0.01 mg/ml),  only the initial  concentration of
arsenic and after removal was determined (Table 4). It
was observed that the arsenic removal was favored un-
der  acid  condition for  both  MW and MF materials,
however, the MF showed some removal capability (ap-
proximately at 20% of initial As concentration) even at
pH 8.4 and only in  the presence of  0.05 g/ml of  MF.
The best removal results as per the limit established by
European Commission were obtained using 0.05 g/ml
of both materials  at  pH 3.

T a b l e  3

 Iron (III) adsorption* on different test materials

*Initial pH of iron solution was 1.51; ND: Not detectable.

Test material Final pH Adsorbed Fe (III),                         
mmol per g of material 

OMW 0.948 ND- not detectable 

OMF 1.108 ND 

CHOMW 1.0 0.52 +/- 0.37 

CHOMF 1.0 1.04 +/- 0.73 

EHOMW 1.263 ND 

EHOMF 1.117 ND 

Measured parameters Sample Applied 
concentration, 
g/ml Initial pH Final pH Initial [As], mg/L Final [As], mg/l 

MW 0.001, 0.005 
0.01, 0.05 

8.4 8.3 0.032+/-0.01 0.031+/-0.01 

MW 0.001, 0.005, 
0.01 

3 6.81 0.032+/-0.01 0.028+/-0.01 

MW 0.05  3 7.11 0.032+/-0.01 < 0.01 

MF 0.001, 0.005, 
0.01 

8.4 8.4 0.032+/-0.01 0.030+/-0.01 

MF 0.05  8.4 8.3 0.032+/-0.01 0.024+/-0.01 

MF 0.001, 0.005, 
0.01 

3 7.00 0.032+/-0.01 0.029+/-0.01 

MF 0.05 3.0 8.33 0.032+/-0.01 < 0.01 

T a b l e  4

 Removal of arsenic from the water samples of Laguna region at pH 3 and 8.4 by untreated maracuya
materials applied at different concentration

It  was  observed that  treatment  with  MF and MW
increased  the  pH to  approximately  7–8  from pH 3
(Table 4). This could be considered as an evidence for
the presence of the ion-exchange process that play an
important role in the removal of arsenic [7].

The results obtained on the As removal using the iron
(III)-loaded and unloaded, enzymatically and chemically
hydrolyzed materials of shell or fiber previously oxidized
with  hydrogen peroxide, are presented in Table 5 and
Table 6. The concentration of applied iron (III)-loaded
materials were 0.001 g/ml, i.e. 1 g/l, while the unloaded
materials were used at 0.01 g/ml, i.e. 10 g/l.  It  was  at  50
and 5 fold less than the concentration of MW and MF
required for the removal of  As in the previous assays.
Tables 5 and 6 demonstrated that arsenic removal has
been achieved to an undetectable level (for the technique
employed in this study) for all the assays carried out in
this study. It can be concluded that the iron (III) loaded
and unloaded materials obtained by chemical and enzy-
matic modification of maracuya fiber and maracuya shell
waste  can  be  used  for  the  removal  of  arsenic  from
contaminated wastewater.

Arsenic ions have been considered to be adsorbed on
chemically and enzymatically modified materials by the
mechanism of ligand exchange. The ligands involved in
such  an  exchange  process  may  be  hydroxyl  ions  or
neutral water molecules existing in the iron (III) coor-
dination sphere. These assumptions can be supported by
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T a b l e  5

 Removal of arsenic from the water samples of Laguna region at pH 3 and 8.4 by iron (III)-loaded and
unloaded maracuya waste and fiber treated enzymatically

T a b l e  6

 Removal of arsenic from the water samples of Laguna region at pH 3 and 8.4 by iron (III)-loaded and
unloaded maracuya waste and fiber treated chemically

Measured parameters Sample Applied 
concentration, 
g/ml Initial pH Final pH Initial [As], mg/l Final [As], mg/l 

Iron (III)-loaded 
EHOMW 

0.001 8.4 8.0 0.032+/-0.001 < 0.01 

Iron (III)-loaded 
EHOMW 

0.001 3 4.3 0.032+/-0.001 < 0.01 

EHOMW 0.01 8.4 7.96 0.032+/-0.01 < 0.01 

EHOMW 0.01 3 3.43 0.032+/-0.01 < 0.01 

Iron (III)-loaded 
EHOMF 

0.001 8.4 7.3 0.032+/-0.001 < 0.01 

Iron (III)-loaded 
EHOMF 

0.001 3 2.97 0.032+/-0.001 < 0.01 

EHOMF 0.01 8.4 3.43 0.032+/-0.01 < 0.01 

EHOMF 0.01 3.0 2.89 0.032+/-0.01 < 0.01 

Measured parameters Sample Applied 
concentration, 
g/ml Initial pH Final PH Initial [As], mg/l Final [As], mg/l 

Iron (III)-loaded 
CHOMW 

0.001 8.4 7.33 0.032+/-0.001 < 0.01 

Iron (III)-loaded 
CHOMW 

0.001 3 3.17 0.032+/-0.001 < 0.01 

CHOMW 0.01 8.4 9.81 0.032+/-0.01 < 0.01 

CHOMW 0.01 3 7.11 0.032+/-0.01 < 0.01 

Iron (III)-loaded 
CHOMF 

0.001 8.4 4.53 0.032+/-0.001 < 0.01 

Iron (III)-loaded 
CHOMF 

0.001 3 3.15 0.032+/-0.001 < 0.01 

CHOMF 0.01 8.4 10.15 0.032+/-0.01 < 0.01 

CHOMF 0.01 3.0 7.39 0.032+/-0.01 < 0.01 
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APPLICATION OF PECTIN-METHYL-LESTERASE AND ALKALINE
HYDROLISIS FOR THE MODIFICATION OF MARACUYA FRUIT
RESIDUE TO SEQUESTER ARSENIC IONS
A.D. Ilyiná, J.A. Villarreal-Sánchez, A.N. Pérez-Carreón, G. Mendoza-García,
J. Mendoza-Toga, E.P. Segura-Ceniceros, J.L. Martínez-Hernández
(Universidad Autónoma de Coahuila, Facultad de Ciencias Químicas, Blvd. V. Carranza e Ing.
J. Cárdenas V., C.P. 25280, Saltillo, Coahuila, México, Fax: 52-844-415-95-34)
The insoluble fraction of wastes from the maracuya juice industry is an important source
of fiber, which can be used to obtain new materials with added economic value. The
present study demonstrated that effective materials for arsenic removal have been
produced by making some simple essential chemical or enzymatical modifications of
maracuya shell waste and fiber. The residues of the shell of maracuya contain
biopolymers (for example, interlaced pectin) that were modified chemically and
enzymatically by means of the pectin-methyl esterase. This enzyme breaks the ester
bonds of methyl ester groups in the pectin of the insoluble fraction resulting in
demethoxylated pectins. The adsorption capacity was comparable for materials obtained
by both hydrolysis techniques (alkaline and enzymatic hydrolysis). The chemically
hydrolyzed fiber materials were superior on the adsorption of iron (III).

the fact that the pH of the solution increased or there
was no change after arsenic adsorption in the present
study. However, the increase in pH demonstrated the
presence of ion-exchange processes.

The results  of  the present study demonstrated that
effective materials for arsenic removal can be produced
by making some simple essential chemical or enzymat-
ical modifications of maracuya shell waste and fiber. The
adsorption capacity was comparable for materials ob-
tained by both hydrolysis techniques (alkaline and en-
zymatic  hydrolysis).  The fiber  materials  hydrolyzed
chemically was superior for iron (III) adsorption.

The materials used in the present work as potential
As sequesters have a very low production cost compared

to the synthetic  chelating resin,  which is  commonly
applied. Their application does not require the use of
oxidizing  procedures,  which  is  usual  in  traditional
methods. The presence of some additional ions in the
water  did  not  s trongly  affect  the  arsenic  removal.
Since the materials  used are environmental  friendly,
the residues after  treatment can be easily  burnt in an
incineration plant,  which is  not possible with the use
of  synthetic  chelating  resins  made of  plastic.  There
will not be any post-treatment problem as encountered
in  conventional  t reatment  processes.  Hence,  the
bioploymer materials of maracuya juice residue could
be used for the removal of  arsenic species from aque-
ous medium.


