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ABSTRACT

In this work, the preparation and characterization of water-soluble polysaccharides from chitosan and Aloe vera was studied.

The water-soluble polysaccharides were used to study polyelectrolyte complexes. The reaction time effect for chitosan hydrolysis

by endo-chitosanase was studied at 40ºC and pH 5.00 to produce water soluble chitosan (WSCh). The physico-chemical charac-

teristics of chitosan hydrolysates, water-soluble A. vera polysaccharides and polyelectrolyte complexes were determined. After 3

h of chitosan processing, a viscosity reduction of 90%, while only 2.3% of reducing sugars were released. A WSCh was recover

by ultrafiltration (1 kDa) from chitosan hydrolysate after 12 h and was spray-dried with a yield of 9.7%. Cold-water extraction of

A. vera mucilage from pulp gives a crude polysaccharide yield of 0.81 g/kg (wet basis) based on whole leaf weight. The water

isolated mucilage is composed of a mixture of protein and mannan rich-polysaccharide. The results show WSCh’s association

capacity with A. vera mucilage by electrostatic interaction.

Keywords: Acemannan, Pectic substances, Chitosanase, Remazol brilliant blue, Spray-dyer

Introduction

Water-soluble chitosan (WSCh) is a low molecular weight

polysaccharide derived from chitosan by controlled depoly-

merization, using chemical (1), enzymatic (2,3) or physical

(4,5) methods. Chemically, WSCh is an amino-polysaccha-

ride that consists of linear chains of D-glucosamine units

linked by β-(1→4) glycosidic bonds. Various enzymatic

methods to prepare WSCh, using crude or purified chito-

sanases, have been described by numerous researchers (6-

10) scientists. Endo-chitosanases catalyze chitosan hydroly-

sis to yield low molecular weight derivatives such as WSCh

or chitosan-oligosaccharides (COS). The production WSCh

or COS from chitosan in continuous systems by immobilized

enzymes has been reported earlier as well (3,11-13). The

low molecular weight derivatives from chitosan are consid-

ered a specialty, evoking interest in the agriculture, cosme-

tic, feed, foods, medicine, pharmacy, polymer, and pharma-

ceutical industries. Presently, the production of chitosan

hydrolyzates is still limited, therefore it is necessary to

develop biotechnological processing to diversify the market

in nutraceuticals, glycotechnology, and functional foods.

The polycationic characteristic of WSCh allows the ionic

interaction with anionic biopolymers for the preparation of

polyelectrolyte complexes. Low molecular weight chitosan

has been used for preparation of polyelectrolyte complexes

with carboxy-methylcellulose (14), alginate (15,16), hepa-

rin (17) and fucoidan (18).

Aloe vera is a succulent plant with a tremendous applica-

tion in functional foods and medicine. A. vera gel contains a

mixture of active nutriments such as mucilage, polysaccha-

rides, proteins, organic acids, vitamins, and minerals (19).

Purified mucilage can contain acemannan, pectic substan-

ces, and glycoproteins (20). The pectic substances and pro-

teins could be conferring the polyanionic characteristics to

form polyelectrolyte complexes. Until now, there is little

information about polyelectrolyte complex formation bet-

ween WSCh and A. vera mucilage.

In this study, we focused our work on enzymatic WSCh

preparation, characterization, and further use for polyelec-

trolyte formation with A. vera mucilage. Infrared spectro-

scopy and colorimetric techniques were employed to inves-

tigate the interaction between WSCh with A. vera mucilage

by using remazol brilliant blue, an anionic dye. The results

found in this research may be important for the generation

of polyelectrolyte assembled biomaterials using WSCh and
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A. vera polysaccharide.

Materials and Methods

Chemicals and biologicals

Commercial chitosan powder, purchased from Industrias

Poseidon (Mexico City, Mexico). Purified endo-chitosanase

(35000 U/g) from Bacillus sp. and exo- and endo-chito-

sanase (5000 U exo-chitosanase/g) powder from Tricho-

derma viride, purchased from Amicogen (Jinju, Korea).

Remazol brilliant blue, D-glucosamine, galacturonic acid,

and bovine serum albumin were purchased from Sigma-

Aldrich (Mexico City, Mexico). Genipin (98%) from Gar-

denia jasminoides was obtained from Challenge Bioproducts

Co. Ltd. (Yun-Lin Hsien, Taiwan, Republic of China). Lac-

tic acid and isopropanol were purchased from Jalmex (San

Nicolas de los Garza City, Nuevo Leon State, Mexico). A.

vera plants were purchased from local dealer (Agua Nueva

village, Saltillo City, Coahuila State, Mexico). Blue dextran

2000 was purchased from Amersham Bioscience (Uppsala,

Sweden). All other chemical reagents were of reagent grade.

Chitosan hydrolysates preparation by endo-chito-

sanase

Chitosan enzymatic hydrolysis (3.4%, w/v) took place in

4 M sodium lactate buffer (pH 5.0) in duplicate, in a 250 mL

Erlenmayer flask containing 120 mL of chitosan solution

and endo-chitosanase solution (5.7 U). Flasks were incub-

ated at 40ºC, on a rotary shaker (Innova44, New Brunswick

Scientific, Edison, New Jersey, USA) at 150 rpm for 3, 6,

12, 24, 36, 48, and 60 h. A blank of sodium lactate buffer,

instead of enzyme was kept. After incubation time, the

samples were assayed for viscosity. Subsequently, the entire

content of the flasks were boiled for 10 min, cooled to 24ºC

and filtered through 0.45 mm cellulose microfilters (What-

man, England). Filtered chitosan hydrolysates were stored

at 4°C until further analysis.

Enzymatically chitosan hydrolysates fractionation

Chitosan hydrolysates (1.4 mL) were subjected to frac-

tionation on Fast Protein Liquid Chromatography system

(FPLC, Akta Prime, Amersham Biosciences, Uppsala, Swe-

den). For this test a gel permeation column Sephadex™ G-

25 Hi-Trap Desalting (5 mL, GE Healthcare, USA), equili-

brated with 20 mM lactate sodium buffer (pH 5.45) with

NaN3 0.02% (w/v) was used. Each hydrolysate was eluted

with 15 mL of the same buffer at a flow rate of 1 mL/min

and 2 mL fractions were collected. The obtained fractions

were analyzed for reducing sugars.

WSCh recovery

For recovery of WSCh, the 12 h hydrolysate (190 mL) was

diluted with distilled water to 850 mL volume, concentrated

by ultra filtration with a 1 kDa cutoff membrane on a

QuixStand system (GE Healthcare, USA), and diafiltered

fourteen times with 500 mL of distilled water at 20ºC. The

diafiltered chitosan hydrolysate was sprayed dried (0.5 mm

nozzle diameter; Mini Spray Dryer 290, Buchi, Flawil, Wil,

Switzerland). The conditions of spray-drying were as fol-

lows: inlet air temperature was 180°C, outlet air temperate

57°C, atomization air flow rate of 15 mL/min, atomization

air pressure of 2 bar, and aspirator level 100%.

Aloe vera mucilage preparation

The A. vera mucilage was prepared according to the me-

thod of Rangel-Rodriguez (26). The whole leaves were

washed with distilled water, cut at the ends, and the side

spines were removed with a knife. The peel was removed

from leaves and the pulp was retrieved. Pulp was submer-

ged in isopropanol in ratio 1:2 (w/v), boiled for 10 min and

equilibrated for 12 h at room temperature. The blanched

pulp was dried by water solvent-exchange and oven dried

40°C to a constant weight, the material was ground in a

mortar and stored in glass containers. For mucilage extrac-

tion, dried pulp (25 g) was dispersed in distilled water (1 L)

and stirred in a rotary shaker (100 rpm) at 40°C for 3.5 h.

After incubation, the whole content was filtered through

muslin cloth. The filtrate was precipitated by addition of 2

volumes of 98% isopropanol and centrifuged for 30 min at

8,000 rpm. The precipitate was washed with isopropanol

(1,000 mL), centrifuged again, and collected, dried at 50ºC

to a constant weight. The mucilage was ground in a mortar

and stored in glass container. The mucilage yield is reported

in dry weight of extracted material/wet weight of leave. The

experiments were made in duplicate.

Viscosity

Viscosities of A. vera mucilage solution (1%, w/v), enz-

yme hydrolysates of chitosan, and their blanks were deter-

mined with a vibrational portable viscosimeter (Viscolite

700, Hydramotion Ltd, Malton, York, England). Measure-

ments were made at 37°C and values were reported in cen-

tipoise (cP) units.

Polyelectrolyte interaction between aloe mucilage

and WSCh

A. vera mucilage was dissolved in water at 1.25, 2.50 and

5.00 mg/mL and adjusted to pH 6.5 with 1 M NaOH. Four

hundred μL of mucilage solution were added separately in

micro tubes. Two hundred μL of WSCh at 1.25, 2.50 and

5.00 mg/mL (pH 5.0) were also added to each tube and

incubated for 10 min at 4°C. After incubation, distilled water

was added to bring the total volume up to 1200 μL in each

tube and immediately centrifuged at 5000 rpm for 20 min at
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4°C. After centrifugation, 200 μL remazol brilliant blue dye

(0.1%, w/v) was added to each tube and further maintained

for 20 min at 4°C, and centrifuged again at 5000 rpm for 20

min at 4°C. The supernatant was read at 536 nm using spec-

trophotometer. A control was performed in the same manner

using distilled water instead of biopolymer solutions. The

analysis was performed in quintuplicate.

Spectrophotometer assays

Total uronic acids present in mucilage were determined

by colorimetry at 520 nm from a standard curve of galac-

turonic acid by the method of Blumenkrantz and Asboe-

Hansen (21). Protein content in mucilage was evaluated at

590 nm by genipin assay (22), using glycine as standard.

Reducing sugars present in mucilage and chitosan hydro-

lysates were determined at 660 nm by the method of Som-

ogyi-Nelson (23,24). Glucose and glucosamine were used

as standards in the assay. Total sugars from chitosan hydro-

lysates were determined by the method of Dubois et al. (25)

and enzymatic-colorimetric assay using purified exo- and

endo-chitosanase (26). Briefly, the enzymatic-colorimetric

method consists in the total depolymerization of chitosan

using exo and endo-chitosanase and further monosaccharide

analysis. The analysis used 25 µL of sample and 200 µL of

20 mM sodium lactate buffer (pH 5.45). The samples were

added to the 25 µL of exo- and endo-chitosanase (2.5 U/

mL), incubated for 1 h at 37°C, and then assay for sugar,

using Somogyi-Nelson assay (23,24). The relative degree of

polymerization (DP) was determined by quantifying the

relationship between total sugars and reducing sugars pres-

ent in each hydrolysate. Glucosamine was used as standard

in the assay. The color change (browning index) of chitosan

hydrolysates was determined by spectrophotometry at 440

nm.

Infrared spectroscopy

A. vera mucilage, WSCh and polyelectrolyte complexes

were analyzed in powder form by Fourier transform infrared

attenuated total reflectance (FT-IR/ATR) spectroscopy (Per-

kin-Elmer, USA), operating at 4 cm
-1
 resolutions. The mirror

velocity was 0.08 cm
-1
 and 35 interferograms were co-added

before Fourier transformation. Spectra were collected from

4000 to 650 cm
-1
 and normalized to the absorption band at

~1008 cm
-1
 equaled 1. Normalization did not alter the prop-

ortion of signals in the original spectra.

Gas chromatography of A. vera mucilage

The individual neutral sugars from A. vera mucilage (2.0

mg) was hydrolyzed with 2 N trifluoroacetic acid (TFA)

(500 μL) at 121°C for 1 h and derivatized to alditol acetates

with NaBH4 using the method of Albersheim et al. (27) and

were analyzed (1.5 μL) using a gas chromatograph (Varian

CP-3800, Palo Alto, California, USA) fitted with a flame-

ionization detector and DB-225 capillary column (30 m ×

0.25 mm i.d., 0.15 μm film thickness, Agilent Technologies/

J&W Scientific, Santa Clara, California, USA). Column

was maintained at 250ºC and helium was used as a carrier

gas (3.0 mL min/1; 41.5 psi). The experiments were carried

out in duplicates.

Results and Discussion

Production and characterization of chitosan hydro-

lysates obtained with endo-chitosanase

The endo-chitosanase was used for preparation of chito-

san hydrolysates after a reaction time of 60 h. The chitosan

hydrolysates were characterized for viscosity, reducing sug-

ars, total sugars, color, and degree of polymerization. The

viscosity profile of the chitosan hydrolysates obtained by

endo-chitosanase is given in Fig. 1(a). The control samples

showed a slight reduction in viscosity, indicating a neglig-

ible depolymerization of chitosan. The enzymatically treated

chitosan recorded a significant decrease in viscosity after

incubating the sample for 3 h with the endo-chitosanase. The

viscosity of subsequent chitosan samples treated with enz-

yme slightly decreased after 6 h of incubation in comparison

with the hydrolysate analyzed for 3 h. The use of purified

enzyme can be useful to control the characteristics of the

products formed after chitosan hydrolysis. The characteri-

stics of this depolymerization pattern confirm the nature of

endo-chitosanase.

The total sugar content present in chitosan hydrolysates

(3, 6, 12, 24, 36, 48, and 60 h) were evaluated by enzymatic/

colorimetric method and showed a content of 55.29 ± 2.86

g/L from 0 to 60 h. The phenol-sulfuric method for assay

total sugars from chitosan hydrolysates showed a low sensi-

tivity for total sugar content detection. Moreover, the phenol-

sulfuric method for assay sugars in the presence of sodium

azide at 0.02% (w/v) (28) also reported a low sensitivity. The

time effect on the release of reducing sugars from chitosan

by endo-chitosanase is given in Fig. 1(b). A linear pattern was

obtained during 3 to 24 h of enzymatic hydrolysis and after

that there was a minimal change in the content of reducing

sugars. A breakdown of no more than 14% of total sugars

(55.29 ± 2.86 g/L) was observed after 48 h of incubation.

The relative degree of depolymerization (DP) of chitosan

hydrolysates by endo-chitosanase was evaluated by time, as

shown in Fig. 2(a). The DP value of chitosan hydrolysates

after 3 h of incubation was about 40 h. After 6 h, the DP was

reduced by 50% compared to the first hydrolysate. After 24

h of hydrolysis, chitosan hydrolysates yielded a DP of 8.

The pattern of chitosan hydrolysis confirmed in our results

shows endo-chitosanase has a random attack mechanism on

substrate (8,12,29). Color of chitosan hydrolysates increased
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as the reaction time increased (Fig. 2(b)). The color develop-

ment in the samples is attributed to Maillard reactions after

enzyme inactivation under acidic conditions. However, under

our experimental conditions, chitosan was highly decreased,

compared with the one obtained by using acetic acid (data

not shown). The interaction of amino sugars, like glucosa-

mine, with chitosan-oligosaccharides generates a brown

color Chung et al. (30). The Maillard reaction of WSCh is

thoroughly described in the literature and the browning re-

action depends on time, temperature, and moisture (31).

The chitosan hydrolysates also were characterized by gel

permeation chromatography, evaluating directly the reduc-

ing sugars in each fraction of the tube. The chromatographic

profiles of each chitosan hydrolysate, obtained after endo-

chitosanase treatment, and assayed as reducing sugars are

given in Fig. 3. After 3 h treatment chitosan hydrolysates

showed a heterogenous peak with reducing sugars of about

600 mg/L, and after 6 h enzymatic hydrolysis of the reduc-

ing sugars content increased twice. These results indicated

that the enzyme can hydrolyze chitosan to WSCh or COS

and not to glucosamine. The others hydrolysates showed the

same elution pattern as the sample hydrolysates from 12 to

60 h.

Based on the results, the chitosan hydrolysate obtained at

12 h was concentrated by ultra filtration with pore diameter

of 1 kDa. The concentrated was diafiltered and spray-dried

to obtain a light yellow powder, and its yield was 9.7% in

relation with the total mass of chitosan. Other researchers

who concentrated chitosan hydrolysates using Celluclast

commercial enzyme as a source of chitosanase by ultrafil-

tration (9) have also reported these low yields. The powder

showed an excellent solubility in water.

The FT-IR spectra derived from chitosan hydrolysates

and depicted in Fig. 4. The spectrum was exhibited to broad

absorption between 600-6000 cm
-1
. According to FT-IR

analysis, mainly show the absorption band corresponding to

polysaccharides (700-1400 cm
-1
). The major peaks detected

in chitosan spectrum were absorbed around 1648 cm
-1
 (amide

I), 1315-1325 cm
-1
 (amide III), 1520-1580 cm

-1
 (protonate

amine group), characteristic band for chitosan and WSCh

(32,33).

Characterization of A. vera mucilage

The isolated mucilage of A. vera obtained by cold-extrac-

tion method yielded 0.81 g/kg (wet basis) with respect to the

whole leaf weight. The yield obtained in the present study

Fig. 1. Change of viscosity (a), reducing sugars and total reducing

sugars (b) released during chitosan hydrolysis by endo-chitosan-

ase. Symbols: black circles (control), white circles (enzyme). See

text for details.

Fig. 2. Relative degree of polymerization (a) and color formation

(b) of chitosan hydrolysates treated enzymatically.
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was higher than the one from the hot-extraction process rep-

orted by Mandal and Das (34) for A. vera. Mucilage visco-

sity and pH were 15 ± 0.6 cP and 4.5, respectively. The pH

result is similar to that reported in A. vera gel by Yaron (35).

Total neutral sugars (48%) analyzed by gas chromatography

of A. vera mucilage were: mannose (41%), glucose (2.99%),

galactose (2.08%), xylose (1.22), arabinose (0.95%), rham-

nose (0.12%) and fucose (0.10%). These results show that

water-soluble mucilage isolated from Mexican A. vera con-

tain mainly mannan and other sugars in minor content.

By colorimetric assays, the total sugar content and protein

in dry basis were 43.9 ± 0.7% and 52.0 ± 3.3%, respectively.

These results indicate that mucilage is a mixture of polysac-

charides and glycoprotein. The total uronic acids (galactu-

ronic/glucoronic acids) and reducing sugars were 8.3 ± 0.19%

and 2.6 ± 0.33%, respectively. The anionic characteristics of

isolated A. vera mucilage can be expected to be due to both

the presence of the free carboxylic of uronic acids and the

amino acids.

The infrared spectroscopy peaks of mucilage powder’s

absorption band were mainly composed by signals corres-

ponding to polysaccharides (Fig. 4). The major peaks detec-

ted in A. vera mucilage could be observed around 2820 cm
-1

(O-H stretching), 2920 cm
-1
 (C-H stretching), 1738 cm

-1
 (C

=O stretching), 1620 cm
-1
 (C=O stretching and C-C ring stret-

ching), 1466 cm
-1
 (C-H bending), 1234 cm

-l
 (C-O-H bend-

ing), and 1008 cm
-1
 (C-O-C stretching). The assignment of

peaks in the infrared spectra for A. vera mucilage was in

agreement to the previous report from Xng et al. (36). The

absorption band between 650 and 710 cm
-1 

are characteristic

bands for mannans.

Polyelectrolyte interaction between Aloe vera muci-

lage and WSCh

Polyelectrolyte associations of anionic and cationic bio-

polymers were evaluated by mean of infrared spectroscopy

and colorimetric methods. The FT-IR-ATR complex poly-

electrolyte formation between WSCh and mucilage A. vera

are showed in Figs. 4(c)-(d). The major peaks between 950

and 1200 cm
-1 

correspond to the carbohydrate mark in WSCh

and mucilage A. vera. The spectra of 1500-1700 and 1750

cm
-1
 showed a decreased intensity, and it was attributed to

the complex formation. The intensity of the esterified carbo-

xyl groups at 1738 cm
-1
 decreased to a lower frequency due

to the chitosan amino groups’ interaction (1). The peak at

1738 cm
-1 

decreased as the WSCh concentration increased,

because there are a great number of amino groups present

that interact with carboxyl groups. The absence of the peak

at 670 cm
-1
 corresponding to the mannan is attributed to the

interaction with proteins present in mucilage A. vera. The

absorption band between 950 and 1200 cm
-1
 showed an inc-

reased intensity and broad interaction for polysaccharides

present in mucilage A. vera.

Fig. 3. Fractionation of chitosan hydrolysates by gel filtration

chromatography and its characterization in terms of reducing

sugars.

Fig. 4. Infrared spectroscopy of chitosan hydrolysate (12 h) ob-

tained after spray drying, A. vera mucilage, complex polyelectro-

lyte WSCh (1.25; 2.50; 5.00 mg/mL) with A. vera mucilage.
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The effects of WSCh concentration on polyelectrolyte

complex formation with A. vera mucilage was also studied

by colorimetric assay-dye using remazol brilliant blue and

infrared spectroscopy. The absorbance obtained as index of

polyelectrolyte interaction between biopolymers is given in

Fig. 5. By increasing the concentration of WSCh, the poly-

electrolyte complex formation increased. The results showed

WSCh’s association capacity with A. vera mucilage by elec-

trostatic interaction. The control sample, remazol brilliant

blue dissolved in water, showed an absorbance of 0.566 ±

0.005. However, by using a concentration of WSCh higher

than 5 mg/mL the formation of complexes did not improve.

The polyelectrolyte interaction between two biomaterials,

by using a low concentration to test the polyelectrolyte inter-

action, showed a lower capacity of interaction. Due to the

presence of uronic acids in A. vera mucilage, the COO
-

groups (37) allow the interaction with the NH2 groups

present in WSCh. In previous studies, Zamora-Iruegas (38)

evaluated the formation of polyelectrolyte complex with

WSCh and pectin using brilliant blue remazol dye. The deg-

ree of methyl-esterification in pectin has important effect for

polyelectrolyte formation with WSCh. The formation of

polyelectrolyte of A. vera gel-chitosan complex promotes the

lipid lowering activity in Wistar rats (39).

Conclusion

The present study demonstrated that tailor-made WSCh

are produced in a batch system using free chitosanase in

presence of lactic acid buffer. The high solubility of WSCh

is attributed to the diminution of molecular weight. The iso-

lated mucilage of A. vera includes a fraction of mannan

polysaccharide and protein. A system based on the polyelec-

trolyte complex between WSCh and A. vera mucilage can

be expected to broaden technological applications.
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