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Abstract. Malva aegyptiaca L. (Malvaceae), a spontaneous plant used as a traditional medicine in
Ghardaïa (Septentrional Sahara Algerian). This paper reports the extraction and partial characterization of
water-soluble polysaccharides from M. aegyptiaca leaves. These polysaccharides were obtained by
elimination of the ethanol extract and sequential extraction in distilled water, followed by precipitation in 75%
ethanol. The yield of extract is 1.46% (w/w). The crude water soluble polysaccharide extracts were further
characterized and revealed the average values 17.14 ± 1.43% proteins and 78.18±2.04% carbohydrates,
among them 30.68±0.42% are uronic acid and 47.49±1.62% are neutral monosaccharides. The identification
of monosaccharide composition by high performance anion exchange chromatography with pulsed
amperometric detection (HPAEC-PAD) methods shows 56.86% of galactose, 8.46% of rhamnose, 9.04% of
arabinose, 5.05% of mannose and 20.57% of glucuronic acid.
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1. Introduction
Malva aegyptiaca (Malvaceae) is a spontaneous plant used in traditional medicine prescriptions in
Ghardaïa (Septentrional Sahara Algerian) [1]. The macerate of leaves is used in the treatment of dysentery,
constipation and fevers. The cataplasm of leaves is also used in treating wounds, sore and skin-eruptions [2].
The Malvaceae family is characterized by the presence of mucilaginous cells that store polysaccharides,
allowing the retention of large amounts of water [3]. In recent years, plant producing polysaccharides have
been widely studied in order to understand the relationship between physicochemical characteristics and
biological activity. Most of the polysaccharides isolated from medicinal plants, have additional non structural
activities, such as pectins which possess immunomodulatory, complement-modulating, anti-HSV (Herpes
simplex virus) and anti-inflammatory activities [4]. Furthermore, Polysaccharides are the most abundant
organic polymers obtained by biosynthesis, available from different plant and animal sources with variable
structures. They have attracted researchers because of their advantages as: (I) renewable character, (II)
biodegradation, (III) relatively low cost and (IV) possibility of conversion into various derivatives due to
their reactivity with many organic molecules [5]. Owing to the commercial and pharmaceutical usefulness of
mucilage, physicochemical characterization of these polysaccharides is of significant importance. In the
present study, we report the extraction and partial characterization of water soluble polysaccharides from M.
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aegyptiaca leaves. The monosaccharides generated by acid hydrolysis are isolated by high-pH anionexchange chromatography with pulsed amperometric detection (HPAEC-PAD).

2. Materials and methods
2.1. Plant material
The leaves of M. aegyptiaca were harvested from Oued Touzouz (region of Ghardaïa) in March 2010,
identified, air-dried at ambient temperature for three weeks and stored in cardboard boxes for later use.

2.2. Extraction of water-soluble polysaccharides
M. aegyptiaca leaves were ground into powder using high speed disintegrator and were pre-extracted
with 80% ethanol using a soxhlet apparatus in order to remove some colored materials, oligosaccharides and
some other low molecular weight compounds. When no more colored material could be observed in the
ethanol extract the procedure was ceased and the organic solvent left in the residue was allowed to dry out
[4]. The pretreated dry powder was extracted twice with two volumes of deionized water under constant
stirring for 3 h in a 60 °C water bath [4][6]. The mixture was centrifuged (2000g, 20 min), then the
supernatant was filtered through gauze and Whatman GF/A glass fiber filter, concentrated at 40 °C in
vacuum and dialyzed at cut-off 3500 Da [7]. The extract was precipitated by the addition of ethanol to a
final concentration of 75% (v/v) and the precipitates were collected by centrifugation, washed with acetone,
dissolved in deionized water and finally lyophilized [4]. Brown crude water-soluble polysaccharides were
obtained.

2.3. Chemical composition analysis
Total neutral sugar content was determined by the reaction with phenol in the presence of sulfuric acid
using glucose as a standard [8]. The total uronic acid content was colorimetrically determined by the mhydroxydiphenyl assay using galacturonic acid as a standard [9]. Proteins in the solution were estimated by
the method of binding of Coomassie Brilliant Blue G-250 to protein using bovine serum albumin as a
standard [10].

2.4. Analysis of carbohydrate composition
Composition analyses of polysaccharides have typically been based on hydrolysis procedures using
hydrochloric, sulfuric, or trifluoroacetic acid (TFA) at elevated temperatures. More recently TFA has
become the acid of choice for most carbohydrate analysis due to its effectiveness at hydrolyzing glycosidic
bonds without causing extensive destruction of the resulting monosaccharide components and due to its
volatility, which minimizes its interference with subsequent procedures [11]. Monosaccharides resulting
from acid hydrolysis are further analyzed by HPAEC-PAD method, is currently the most used [12].
2.4.1. Sample Preparation
Polysaccharides powder (3 mg) was treated for 4 h with 4 M TFA at 80 °C. The hydrolysate was cooled
and evaporated under reduced pressure at 40 °C, washed with methanol and concentrated to dryness. The
washing with methanol was repeated several times to remove the reagent. The hydrolysate was then
dissolved in deionized water and fractionated by HPAEC-PAD [13].
2.4.2. Neutral monosaccharides analysis
The neutral monosaccharide compositions of water-soluble polysaccharides were analyzed by HPAEC
after acid hydrolysis. A Dionex system [Dionex Corporation, Sunnyvale (CA), USA] using a Carbopac PA1
(4mm×250mm) and a guard column (3mm×25mm) was used. Detection was carried out by pulsed
amperometry with a gold electrode. The hydrolysates (25 mL) were filtered by passing through a 0.45µm
filter before injecting into the column with an autosampler. The monosaccharides were eluted isocratically
with 16mM NaOH at a flowrate of 1mL.min−1. Each carbohydrate concentration was determined after
integration of respective areas [Chromeleon management system (Dionex)] and their comparison with
standard curves obtained with rhamnose, arabinose, mannose, galactose, glucose and fucose (Sigma) [14].
2.4.3. Uronic acid analysis
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The Uronic acid composition was determined using HPAEC, on a Carbopac PA-1 analytical column
(4mm×250 mm). A 100 µL sample was injected and the column was eluted at 1mL.min−1 with a gradient
elution from 600mM Sodium acetate (eluent B) in 160mM Sodium hydroxide (eluent A) using the following
program: 0–10 min 100% A and 0% B, 10–40 min 0 to 100% B, 40–45 min 100% B, 45–50 min 100 to 0%
B. The eluents were degassed by flushing with helium and pressurized continuously using an eluent degas
module (EDM-2, Dionex). The uronic acid contents were quantified by comparing with galacturonic acid
and glucuronic acid standards and data were processed using Dionex AI 450 software [14].

3. Results and discussions
3.1. Chemical composition
Table 1- Chemical composition of crude water-soluble polysaccharides from the dried leaves of M. aegyptiaca

Carbohydrate wt.%
Yield wt.%
1.46

Protein wt.%
17.14 ± 1.43

Total

Neutral

Uronic acid

78.18±2.04

47.49±1.62

30.68±0.42

Yield, proteins, neutral monosaccharide and Uronic acid content, of crude water soluble polysaccharides
from the dried leaves of M. aegyptiaca are given in Table 1. The crude water-soluble polysaccharides formed
a light brown powder without starch, as confirmed by a negative reaction with iodine, similar to that reported
by ATKHAMOVA et al. in six species of Malvaceae family [15]. The yield of water soluble polysaccharides
was 1.46%, based on dried leaves. It is slightly less than that reported in Malva mavritana (Malvaceae) by
ATKHAMOVA et al. of 2% [15]. Chemical analysis revealed that crude water-soluble polysaccharides as a
heterogeneous mixture of polysaccharides consisted 47.49±1.62% of neutral monosaccharides and
30.68±0.42% of uronic acids such 78.18±0.94% of total carbohydrates, as well as substantial amount of
proteins (17.14 ± 1.43%), were greater than that reported by ATKHAMOVA et al., who found in Malva
mavritana 27.4% of uronic acid and 25% of neutral monosaccharides [15].

3.2. Monosaccharide composition
The result of HPAEC profile of acid hydrolysis of water-soluble polysaccharides from the dried leaves of
M. aegyptiaca is shown in Fig. 1(a). Significant differences of monosaccharide composition were observed,
compared to results reported in other species of Malvaceae. It consisted of galactose, rhamnose, arabinose,
mannose and glucuronic acid with the weight percentage of 56.86%, 8.46%, 9.04%, 5.05% and 20.57%,
respectively. The monosaccharide contents are summarized in Fig. 1(b). TOMODA et al. reported that
polysaccharides of M. sylvestris leaves were composed of 22.2% L-galactose, 40.2% L-rhamnose, 16.0% Dgalacturonic acid and 16% D-glucuronic acid [16]. While ATKHAMOVA et al. mentioned that the
polysaccharides of M. mavritana leaves composed of 10% rhamnose, 5% arabinose, 7.5% galactose, 1.5%
mannose, 1% glucose and 27% uronic acid [11]. These last values are considerably different from the values
observed in our study. According to ATKHAMOVA et al., Polysaccharides of Malvaceae consist of a
rhamnogalacturonan with uronic acids and galactose ramifications [15]. The monosaccharide content in this
study are very similar to that reported in gum arabic (Acacia senegal) by WILLIAMS and PHILLIPS, whose
pointed out 44% of galactose, 13% of rhamnose, 27% of arabinose and 15% of glucuronic acid [17].

4. Conclusion
The yield of crude water-soluble polysaccharide extract from M. aegyptiaca leaves is 1.46%. The
physicochemical analysis of crude water-soluble polysaccharide revealed the average values 17.14 ± 1.43
proteins and 78.18±2.04 carbohydrates, among them 30.68±0.42% are uronic acid and 47.49±1.62 are
neutral monosaccharides. The identification of monosaccharides composition HPAEC-PAD methods shows
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56.86% of galactose, 8.46% of rhamnose, 9.04% of arabinose, of 5.05% mannose and 20.57% of glucuronic
acid.

Fig. 1(a). - HPAEC profiles of monosaccharides released from WSP of
M. aegyptiaca leaves by acid hydrolysis.

Fig. 1(b). - Percentage of monosaccharides composition from the acid
hydrolysate of WSP of M. aegyptiaca leaves using HPAEC-PAD.

5. Acknowledgements
We thank Pr. Philippe MICHAUD from Laboratory of Chemical and Biochemical Engineering at
Université Blaise Pascal de Clermont Ferrand for the HPAEC analysis. Acknowledgements also go to
Laboratoire Protection des Ecosystèmes en Zones Arides et Semi-arides for technical support.

6. References
[1] P.OZENDA. Flore du sahara. Ed. Centre national de la recherche scientifique, Paris, 1983, p.617.
[2] A.BATTANDIER. Le droguier d'un mozabite. Imprimés de bibliothèque nationale de la république française, 1882,
Paris, pp. 3-12.
[3] M. L. MATTHEWS and P. K.ENDRESS. Floral structure and systematics in four orders of rosids, including a
broad survey of floral mucilage cells. Pl. Syst. Evol. 2006, 260: 199–221.
[4] Y. WU, S. W. CUI, J. TANG, Q. Wang and X. GU. Preparation, partial characterization and bioactivity of watersoluble polysaccharides from boat-fruited sterculia seeds. Carbohydrate polymers. 2007, 70: 437–443.
[5] M.RENAUD, M. N.BELGACEM and M. RINAUDO. Rheological behaviour of polysaccharide aqueous solutions.
Polymer. 2005, 46: 12348–12358.
[6] T. R. CIPRIANI, C. G. MELLINGER, L. M. DE SOUZA, C. H. BAGGIO, C.S. FREITAS, M. A. MARQUES, P.
J. GORIN, G. L. SASSAKI and M. IACOMINI. Polygalacturonic acid: Another anti-ulcer polysaccharide from the
medicinal plant Maytenus ilicifolia. Carbohydrate Polymers, 2009, 78:361–363
[7] C. S. NERGARD, D. DIALLO, T. E. MICHAELSEN, K. E. MALTERUD, H. KIYOHARA, T. MATSUMOTO, H.
YAMADA and B. S. PAULSEN. Isolation, partial characterisation and immunomodulating activities of
polysaccharides from Vernonia kotschyana Sch. Bip. ex Walp. Journal of Ethnopharmacology, 2004, 91: 141–152.
[8] M. DUBOIS, K. A.GILLES, J. K.HAMILTON, P. A. REBERSandF. SMITH. Colorimetric method for
determination of sugars and related substances. Analytical Chemistry. 1956, 28: 350–356.
423

[9] N. BLUMENKRANTZ and G.ASBOE-HANSEN. New method for quantitative determination of uronic acids.
Analytical biochemistry. 1973, 54: 484-489.
[10] M. M.BRADFORD. A rapid and sensitive method for the quantification of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry. 1976, 72: 248–252.
[11] C. C. YU IP, V. MANAM, R. HEPLER andJ. P. HENNESSEY. Carbohydrate Composition Analysis of Bacterial
Polysaccharides: Optimized Acid Hydrolysis Conditions for HPAEC-PAD Analysis. ANALYTICAL
BIOCHEMISTRY, 1992, 201:343-349.
[12] L. JOHANSSON, L. VIRKKI, H. ANTTILA, H. ESSELSTROM, P. TUOMAINEN, T. SONTAG-STROHM.
Hydrolysis of β-glucan. 2006, Food Chemistry, 97: 71–79.
[13] A. B. SAMUELSEN, E. H. COHEN, B. S. PAULSEN, L. P. BRULL, J. E. THOMAS-OATES. Structural studies
of a heteroxylan from Plantago major L. seeds by partial hydrolysis, HPAEC-PAD, methylation and GC–MS,
ESMS and ESMS: MS. Carbohydrate Research, 1999, 315:312–318.
[14] L. KAMERLING, G. L. BOONS, Y. C. LEE, A.SUZUKI, N. TANIGUCHI and A. VORAGEN. Comprehensive
glycoscience. Ed. Elsevier. 2007, 02, Paris: 654-681.
[15] S. K. ATKHAMOVA, D. A. RAKHIMOV, E. L. KRISTALLOVIEH, A. K. KARIMDZHANOV and A. I.
ISMAILOV. Plant polysaccharides.VI. Polysaccharides of representatives of the malvaceae family. Chemistry of
natural compounds. 1997, 33: 590- 593.
[16] M. TOMODA, M.KANARI, R. GONDA and N. SHIMIZU. A Reticuloendothelial system-activating glycan from
the seeds of Malva verticillata. Phytochemistry, 1989, 28: 2609-261.
[17] P. A.WILLIAMS and G. O. PHILLIPS. Gum arabic. Handbook of hydrocolloids, CRC Press, 2000, 155–168.

424

