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Abstract. Biopolymers are polymers fabricated from natural polymers which are
biodegradable, non-toxic and renewable. This research was aimed to synthesize and
characterize biopolymer made from chitosan and pectin and was made to be a membrane
cross-linked with glutaraldehyde and then characterized. The chitosan-pectin crosslinked
glutaraldehyde polyelectrolite complex (PEC) and membrane can be used as a bioadsorbent
for metal and cationic dyes. Firstly, PEC membrane chitosan-pectin crosslinked
glutaraldenyde was synthesized by dissolving chitosan in acetic acid and pectin in distilled
water and added with glutaraldehyde as a crosslinked agent, then heated at 70 °C. The
amount of 1M NaOH solution was added for 12 hours and then cleaned with distilled water
and dried at room temperature. Subsequently, the membrane was characterized with FTIR
spectrophotometer, medium acidity test, and water uptake. The results of the
characterization of PEC mebmbrane chitosan-pectin crosslinked glutaraldehyde with FTIR
showed the interaction between —NHs;* of chitosan with —COO" group of pectin at a
wavelength of 1604.77 cm™. The medium acidity test showed that the PEC membrane
chitosan-pectin crosslinked with glutaraldehyde was stable at pH 3-9 with water absorption
of 266.67%, with the composition of chitosan-pectine membrane of 70:30 with 30%
glutaraldehyde.
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1. Introduction

The synthetic process of polymers is dealing with expensive costs, which is caused by the
materials used are relatively expensive and must be imported. Therefore, an effort is needed to
synthesize polymers by utilizing materials sourced from natural or renewable materials from
natural resources in Indonesia. One of the ingredients that can be used as a base for biopolymers

is chitosan (Herwanto, 2006). Chitin is a polysaccharide that forming the outer skeleton of a
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crab. Chitin is a polymer that can be degraded by microorganisms. Due to the natural origin
of chitin, different variants are found in environment. In addition, when chitin is submitted to
different chemical processes, a series of polymers varying in the degree of deacetylation (DD),
molecular weight (MW), viscosity, pKa, etc, may be generated (Chatelet, 2000; Canella,
2001; Singla et al , 2001). Chitin can be isolated into chitosan by deacetylation process by
removing the acetyl group. Chitosan is a biopolymer that is biodegradable and non-toxic
(Gargioni, et.al, 2006). The deacetylation degree (DD) of chitosan and its derivative was
determined by infrared spectroscopy (Bomem MB-100 FTIR, Germany) and ninhydrin titration
The substitution degree (SD) was determined using the same techniques. (Curroto et al, 1999;
Canella et al , 2001; Khan et al , 2002, Dee et al, 2001). Chitin is a polysaccharide that forming
the outer skeleton of a crab. Chitin is a polymer that can be degraded by microorganisms. Chitin
can be isolated into chitosan by deacetylation process by removing the acetyl group. Chitosan is
a biopolymer that is biodegradable and non-toxic (Tanasale, et.al, 2012). Chitosan is poly [B-
(1,4) -2-amino-2-deoxy-D-glucopiranose] (Marudova, et.al 2004). Chitosan which has hydroxyl
(-OH) and amine groups (-NH2) thus results in effective chitosan to become adsorbent of
cations from metals and cationic dyes (Rahmawati & Iskandar, 2014). In an acidic condition,
the —NH2 the functional group will be protonated to -NH3+ and make chitosan to be a cationic

polysaccharide.
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Figure 1. Chitosan Stucture

The modifications to increase the ability of chitosan can be performed by fabricating composites
with other polymers, both natural and synthetic polymers. Natural polymers that can be used to
process composites with chitosan are namely pectin. Pectin is a polysaccharide that contains o-
D-galacturonate residues which are linked by a-1.4 glycosidic bonds (Ma, et.al, 2011). The
carboxylic group (-COOH) found in the pectin makes the pectin as an anion polysaccharide or

polyanion. In addition, pectin also has hydroxyl and methoxy functional groups.
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Figure 2. Pectin Structure

For the existence of the -NH3+ group from chitosan and carboxyl (-COO-) from pectin, there
can be an interaction between polycation and polyanion to form complex polyelectrolytes. The
purpose of adding glutaraldehyde is as a crosslinking agent so that the membrane structure can
be stable at very acidic pH. The structure of chitosan is cross-linked by the formation of
substituted imine (-CH = NR) from the chitosan -NH2 group with an aldehyde group from
glutaraldehyde and the resistance of the membrane can be stable in acidic condition (Beppu,
et.al, 2007) and ( Hastuti, et.al, 2011).
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Figure 3. The cross linking of chitosan and glutaraldehyde
2. Materials and Method
2.1. Equipment and Materials

Pectin was obtained from local pectin derived from orange peel. Chitosan was isolated from

crab shells. Sodium hydroxide, acetic acid, distilled water and glutaraldehyde were also used.

The equipments used in this study were glassware, ovens and FTIR spectrophotometers
(Prestige-21 Shimadzu).

2.2. Research Procedure

The synthesis of chitosan-pectin PEC membrane cross-linked with glutaraldehyde was initiated
by dissolving 0.6 g pectin in 20 ml of distilled water and added with 1.4 g of chitosan in 78 ml
of 0.4M acetic acid to a homogeneous solution. Then, as much as 2 ml glutaraldehyde 30% was
added and placed in a petri dish and evaporated at the temperature of 70 °C. After that, the

membrane releasing process was carried out by adding 1M NaOH solution for 12 hours and
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rinsed with distilled water, and then dried at room temperature. Chitosan-pectin PEC membrane
cross-linked with glutaraldehyde was varied by membrane composition namely chitosan: pectin
with the ratio of 70:30; 80:20; and 90:10 with variations in the concentration of glutaraldehyde
30%. It is further described in Table 1.

Table 1. The composition variation of PEC membrane

Chitosan: Chitosan Pectin GLA
pectin © © (mL)
70:30 1.4 0.6 2
80:20 1.6 0.4 2
90:10 1.8 0.2 2

The characterizations of PEC chitosan-pectin membranes cross-linked with glutaraldehyde were
carried out with FTIR spectrophotometer, water uptake with variations of time 30, 120, 240,
360, and 1440 minutes and medium acidity test to determine whether chitosan-PEC membrane

pectin is cross linked stable at certain pH ranging from 1, 3, 5, 7, and 9.
3. Result and Discussion

The membrane produced was then characterized using the FTIR spectroscopy to investigate the
interaction between the -NH3 + group from chitosan and the carboxyl group (-COO-) from the
pectin. Also, the ability to absorb water, the acidity test towards the medium were also

conducted.
3.1. FTIR Characterization

The membrane produced was then characterized using an FTIR spectrophotometer. The FTIR
spectra of chitosan-pectin PEC membrane cross-linked with glutaraldehyde can be seen in

Figure 4.
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Figure 4. The FTIR spectra of: a. chitosan; b. pectin, c. cross-linked PEC membrane
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Chitosan FTIR spectra (figure 4a) showed that an absorption in the area of 2877.79 cm-1 was
stretching vibration of the C-H methylene group and absorption in the area of 1080.14 cm-1
indicated the presence of C-O groups. The absorption in the area of 3425.58 c¢cm-1 shows
stretching vibrations of the O-H group that overlap with —NH from amines. Moreover,
absorption at 1651.07 cm-1 reveals that amide still appears, indicated an acetyl group in the
carbon chain and the amount decreases with the deacetylation process (Mourya, et.al, 2010),
dan (Auta & Hameed, 2014).

The FTIR of pectin spectra (figure 4b) indicated absorption at the area of 3387.00 cm-1 which
corresponds to the -OH vibration and at the area of 2939.52 cm-1 was a stretch of the aliphatic
C-H vibration. The absorption characteristics of pectin are found to be at 1064.71 cm-1 and
1627 cm-1 which shows the existence of stretching vibrations of —CO- and —-COOQOH clusters,
(Hastuti & Siswanta, 2013) and (Wang, et.al, 2014).

Lastly, the FTIR spectra for chitosan-pectin PEC membrane cross-linked with glutaraldehyde
was displayed by figure 4c. The formation of complex polyelectrolytes is observed at the
absorption wavelength of 1604.77 cm-1 which indicates the interaction between the -NH3+
group from chitosan and the -COO-group- (Leonard & Hubert, 2006), and (Tahtat et al., 2013).

3.2. Medium acidity

The acidity test of the medium was performed to determine the stability of PEC chitosan-pectin
membrane cross-linked with glutaraldehyde in various pH variations. Variations in pH used
were pH 1, 3, 5, 7, 9. The resulting membrane was not stable at pH 1 and suffered damage in the
5th minute, this is because a large concentration of H+ can protonate —~NH2 to -NH3+ while
ions of - COO- are very little in amount and -COOH is more favorable so that the interaction

between chitosan and pectin is difficult to occur.

The chitosan-pectin PEC membrane cross-linked with glutaraldehyde is stable at pH 3 and 5 to
24 hours without any damage occurred. This is due to the number of H+ ions capable of
protonating a part of the -NH2 group to —NH3+, and some of —NH2 will cross with

glutaraldehyde so the membrane is stable at pH 3 and 5.

Furthermore, the chitosan-pectin PEC membrane cross-linked with glutaraldehyde was stable at
pH 7 and 9. This is related to the condition where —NH3 + was not formed so that the
interaction of -NH3 + with —COO- is weakened. The crosslinking between chitosan and
glutaraldehyde can maintain the membrane structure or not being damaged up to 24 hours. The
interactions of chitosan and pectin and cross-linked links of chitosan and glutaraldehyde are

shown in Figure 5.
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Figure 5. The interaction of chitosan-pectin and cross-linked with glutaraldehyde
3.3.  Water Uptake

The chitosan-pectin PEC membrane cross-linked with glutarldehyde was then characterized
with water uptake method by weighing each membrane dry weight and soaking in sterilized
water with a time variation of 30, 120, 240, 360 and 1440 minutes. After that, the wet weight of
the membrane was balanced to determine the percentage of water uptake. The results showed
that the membrane with the chitosan: pectin composition of 70:30 with 30% glutaraldehyde
indicates the maximum ability to absorb water at 30 minutes is 266.67%. This is due to the
presence of active groups of pectin, namely carboxylic (-COOH) and hydroxyl (-OH) which are
hydrophilic and able to form hydrogen bonds in large amount, while the active group of
chitosan (-NH2) has been used to cross links with glutaraldehyde, so that the more composition
of pectin in the membrane, the higher the ability to absorb the water. The order of absorption of
water from large to small is 70:30; 80:20; and 90:10 with 30% glutaraldehyde of 266.67%,
154.44%, and 148.32% respectively.

This membrane has the ability to absorb water in a small amount. This relates to the active
group of chitosan (-NH2) has bind to large amounts of glutaraldehyde and its also used to bind
to pectin, so that its shape becomes rigid and its ability to absorb water decreases. The water

absorption curve is shown in Figure 6.
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Figure 6. Water uptake
4. Conclusion

The chitosan-pectin PEC membrane can be made by mixing chitosan and pectin which interact
to form complex polyelectrolytes. The addition of glutaraldehyde aims to cross link chitosan by
forming a substituted imine bond, so that the membrane remains stable at pH below 5. Based on
the pH resistance test, chitosan-pectin PEC membrane cross-linked with glutaraldehyde is stable
at pH 3. The modification of chitosan with pectin and forming complex polyelectrolyte
membrane aims to increase membrane adsorption capacity. Characteristics of chitosan-pectin
PEC membranes with FTIR showed an absorption in the area of 1604.77 cm-1. This
corresponds to an interaction between —NH3+ from chitosan and —COO- from pectin to form
complex polyelectrolytes. The chitosan / pectin PEC membrane cross-linked with
glutaraldehyde is stable at pH ranges from 3-9. The maximum water uptake was observed from
the chitosan: pectin composition of 70:30 with 30% glutaraldehyde, with the water uptake
percentage of 266.67%.
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