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Abstract 
 

This study was conducted to determine the content of carbohydrates and mucilage in roots and 
leaflets of different Astragalus species for the first time from Iran. The content of reducing sugars, 
oligosaccharides and polysaccharides in roots of the species were determined spectrophoto-
metrically. The content and sugar composition of the mucilages in leaflets was determined by 
gravimetry and gas-liquid chromatography, respectively. According to the results of this research, 
the content of sugars in roots and mucilage in leaflets depends on the factors such as the species 
and geographical location of the plants. Reducing sugars, oligosaccharides and polysaccharides 
content in roots of the species varied from 0.11-0.90, 2.21-7.27 and 1.3-7.33% dry weight, 
respectively. The mucilage content in leaflets of different species varied from 5.32 to19.24% dry 
weight.  
 
Introduction 
 

Astragalus L., (Fabaceae) is generally considered the largest genus of vascular plants 
with approximately 2500-3000 species (Podlech, 1986; Lock & Simpson, 1991). 
Astragalus is widely distributed in temperate regions of the Northern Hemisphere. The 
greatest number of species are found in the arid, continental regions of western North 
America (400 species) and central Asia (2000-2500 species). An additional 150 species 
are known from temperate South America and one species extends along the East African 
mountains to Transvaal, South Africa (Liston & Wheeler, 1994). 

Mucilage, a class of polysaccharides, are high molecular weight biopolymers; 
commonly occurs in higher plants (Hadley, 1997). This class of natural products has 
received great attention of its importance in industry and medicine (Smith & Mntgomery, 
1959: Kokate & Radwan, 1979). Polysaccharides, among other polymers, are frequently 
used in drug formulations, as binding agents, viscosity increasing agents, coating agents or as 
active ingredients (Vanlaeke, et al., 1989) and in food industries as suspending agent, 
thickener and stabilizer (Cottrell & Baird, 1980; Simpson & Conner-Ogrzaly, 1986; Franz, 
1989). Mucilages have also some ecological functions. These compounds are of importance 
for the survival of the plant species under desert conditions. One of the best known functions 
is their greater water holding capacity (Ebrahimzadeh et al., 2000). 

The interest in chemical constituents of various species of the genus Astragalus has 
been increasing during the last years. Many species of Astragalus have been investigated 
chemically e.g., for flavonoids, non-protein amino acid, saponins, alkaloids, nitro 
compounds, mucilage, sterols, proline content, phenolics etc., (Bisby et al., 1994; 
Ebrahimzadeh et al., 1999, 2000, 2001; Niknam & Ebrahimzadeh, 2002 a,b; Niknam et 
al., 2003).  
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Fig. 1. Geographical map of the North west of Iran and the localities (Δ) from which the species 
were collected. 

 
Many species of Astragalus are useful as forage plants, as ornamentals,  to control 

erosion, restore overgrazed range, replace undesirable plants, provide palatable and 
nutritious forage for wildlife and domestic livestock (Williams, 1981), and provide useful 
sources for producing important drugs (Hirotani et al., 1994; Baratta & Ruberto, 1997).  

As the Astragalus species are of greater economic significance, it is imperative that 
they  should be extensively studied for biochemical characteristics. This study was 
therefore devoted to determine the carbohydrates content and the content and 
composition of mucilage of a number of the species of this genus from Iran for the first 
time. 
 
Materials and Methods 
 
Plant materials: Samples were collected from various regions of Iran and air dried in the 
shade. Geographical map of the region and the localities of the examined species are 
presented in Fig. 1. The specimens were identified by Dr. Ali Asghar Maassoumi of the 
Herbarium of Botanical Garden, Research Institute of Forests and Rangelands, Tehran, 
Iran and voucher specimens have been deposited in the Herbarium of the Botanical 
garden. The nomenclature of Astragalus species and section classification used herein are 
based on Maassoumi (1998). Roots and leaflets of the plant specimens were separated 
and then ground in a grinder.  
 
Extraction: For determination of carbohydrates content, 0.5g of powder was extracted 
using 10 ml of ethanol-distilled water (8:2 V/V), by centrifuging twice and then 
collecting the supernatants. The residue from ethanol extraction was subsequently used 
for polysaccharide extraction by boiling water (Patumi et al., 1990). 
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Leaflets of the specimens were collected and after washing in water, treated with boiling 
96% ethanol for 5 min., and dried in an oven at 60oC for 48h. Dried leaflets were powdered 
and passed through a sieve with 0.25mm pore size. Two grams of powdered material was 
mixed with 200 ml of distilled water acidified with HCl (pH 3.5) and mucilage was extracted 
in water bath (90 - 95 oC) for 12h with frequent stirring. The solution was then filtered with 
muslin in a buchner funnel. The extract was concentrated to about 50 ml in vacuum rotary 
evaporator then centrifuged (3700g, 15 min). The solution was kept over night at 4oC. The 
precipitated mucilage was separated by filtering through Whatman No. 541 filter paper, dried 
to constant weight  at 40oC for 48h and determined gravimetrically (Karawya et al., 1980). 
Hydrolysis of mucilage: 

The crude mucilage collected from filter paper was hydrolysed by 1N H2SO4 and 
purified according to Karawya et al., (1980). The hydrolysis solution was neutralized in each 
case with BaCO3 according to Moyna & Difabio (1978). The hydrolysate was evaporated 
under reduced pressure and low temperature. The monosaccharides formed by hydrolysis 
were analysed quantitatively and qualitatively by Gas - Liquid Chromatography (GLC) of 
their trimethylsilyl (TMS) ether derivatives. 
 
Derivatization and GLC: The TMS ether derivatives of authentic monosaccharides 
(Sigma) and monosaccharides formed from mucilages were prepared as described by 
Sweeley et al., (1963). Monosaccharide identity of different mucilages was determined by 
comparison with the retention times of the authentic monosaccharides. The ralative 
compositions of the individual monosaccharides in the mucilage of each species were 
calculated from the ralative peak areas of the GLC chromatograms. A Shimadzu GC-16 A, 
equipped with a flame ionization detector and 1.6m x 3.2 mm i. d. glass column packed with 
SE - 30 5% was used. Nitrogen was used as carrier gas at a flow rate of 50 ml min-1. Flow 
rates of hydrogen and air were 55 and 400 ml min-1, respectively. The temperatures of the 
injector and detector block were both 280oC. The analysis was performed using temperature 
programming from100oC to 260oC at a heating rate of 4oC min-1  
 
Quantitative determination of carbohydrates: Shimadzu UV-Visible recording 
spectrophotometer (UV-160) with 10 mm-matched quartz cells was used for absorbance 
measurement. Total carbohydrate content of polysaccharides and alcohol soluble extracts 
was estimated by the method of Dubois et al., (1959). 
 
Satistical analysis: The data determined in triplicate were analysed by analysis of 
variance (ANOVA) using MSTAT-C (Version 1.42). The significance of differences was 
determined according to DMRT. P values ≤0.05 were considered to be significant. 
 
Results and Discussion 
 

The content of reducing sugars, oligosaccharides and polysaccharides in roots of 17 
species of Astragalus collected from different parts of Iran is given in Table 1. Reducing 
sugars, oligosaccharides and polysaccharides content in roots of the species varied from 
0.11-0.90, 2.21-7.27 and 1.3-7.33% dry weight, respectively.  

In addition to the carbohydrate content variation among the species, the significant 
variation of the carbohydrate content in a species between sites was also observed. 
Analysis of variance (ANOVA) showed significant differences among the localities 
(Table 1).  Variations  in  the  content  of  plant  metabolites appears be the result of many  
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factors. There may be a genetic component to such a variation (Bowers & Stamp, 1992), 
but the genotype can be modified by a variety of biotic and abiotic features. For example, 

seasonal changes in biochemical characteristics are caused by shifting patterns of 
resource allocation that reflect different physiological demands associated with growth, 

defense and reproduction. At the same time, a diversity of environmental stresses 
contributes to spatial variation within and among populations (Waterman & Mole, 1994). 

Clearly, in order to determine factors contributing to the variability of carbohydrates 
content of a species between localities, manipulative field or greenhouse experiments are 

necessary. 
Mucilage content and monosacchride composition of the mucilages obtained from 9 

species of Astragalus are presented in Table 2 and 3, respectively. The mucilage content 
in leaflets of different species varied from 5.32 to19.24% of dry weight. Relative 
monosaccharide composition of the mucilages varied depending on the species. The 
mucilages of the examined species composed of 7-9 different sugar residues. The main 
sugars varied according to the species investigated. In 5 species, glucose was the major 
sugar and in other 3 species fructose, galactose or glucoronic acid were the major ones. In 
7 out of 8 examined species, glucose percentage was high (15.8- 34%). Only, in A. 
semilunatus  glucose was detected in trace (3%). Fucose was detected in low 
concentrations in mucilage of 7 out of 8 species. Glucoronic acid was determined in 
mucilage of all the examined species and galactoronic acid was detected in mucilage of 4 
species. 

The results of this study along with the results of other investigations (Ebrahimzadeh 
et al., 1999; Ebrahimzadeh et al., 2000; Niknam & Ebrahimzadeh, 2002a,b; Niknam et 
al., 2003) can be used for selection of the desirable species for medicinal and forage 
purpose to restore overgrazed range, control erosion and replace undesirable plants.  
 
Acknowledgments 
 

The financial support of Research Council of University of Tehran to Vahid Niknam 
(project no. 513/3/588) is gratefully acknowledged. We thank Dr. Ali Asghar Maassoumi 
of the Herbarium of Research Institutes of Forests and Rangelands, Tehran, Iran for 
determination of the Astragalus species and to Mr. Masoud Mir Maassoumi, Director of 
the Plant Physiology Lab., for his help in biochemical analyses.  
 
References 
 
Baratta, F.A. and G. Ruberto. 1997. Cycloartane triterpene glycosides from Astragalus siculus. 

Planta med., 63: 280-282. 
Bisby, F.A., J. Buckingham and J.B. Harborne. 1994. Phytochemical Dictionary of the 

Leguminosae. Chapman & Hall, London. 
Bowers, M.D. and N.E. Stamp. 1992. Chemical variation within and between individuals of 

Plantago lanceolata (Plantaginaceae). J. Chem. Ecol., 18: 985-995. 
Cottrell, I.W. and J.K. Baird. 1980. Gums in Encyclopedia of Chemical Technology, (Eds.): G.J. 

Bushey, C.I. Eastmsn, A. Klingsberg, L. Spiroa and M.Wainwright, 3rd Edition, Vol. 12, PP. 45-
66. John Wiley and Sons, Inc., New York. 

Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith. 1956. Colorimetric method for 
determination of sugars and related substances. Analytical Chemistry, 28: 350-356. 

Ebrahimzadeh, H., V. Niknam and A.A. Maassoumi. 1999. Nitro compounds in Astragalus species 
from Iran. Biochem. Syst. Ecol., 27: 743-751. 



V. NIKNAM & Y. SALEHI LISAR 

 

388

Ebrahimzadeh, H., V. Niknam and A.A. Maassoumi. 2000. Mucilage content and its sugar 
composition in Astragalus species from Iran. Pak. J. Bot., 32: 131-140. 

Ebrahimzadeh, H., V. Niknam and A.A. Maassoumi. 2001. The sterols of Astragalus species from 
Iran: GLC separation and quantification. Biochem. Syst. Ecol., 9: 393-404. 

Franz, G. 1989.Polysaccharides in pharmacy: current application and future concepts. Planta Med., 55: 
493-497. 

Hadley, E.H. 1977. Encyclopedia of science and technology. pp. 730-731. McGraw-Hill, Inc., New 
York. 

Hirotani, M., Y. Zhou, H. Lui and T. Furuya. 1994. Astragalosides from hairy root cultures of 
Astragalus membraneus. Phytochem., 36: 665-670. 

Karawya, M.S., G.M. Wassel, H.H. Baghdadi and N.M. Ammar. 1980. Mucilagenous content of 
certain Egyptain plants. Planta Med., 38: 73-78. 

Kokate, C.K. and S.S. Radwan. 1979. Mucilage in callus culture of higher plants. Phtyochem., 18: 662-
663. 

Lock, J.M. and K. Simpson. 1991. Legumes of West Asia. A Check-list. Royal Botanic Gardens, 
Kew. 

Liston, A. and J.A. Wheeler. 1994. The phylogenetic position of the genus Astragalus (Fabaceae): 
evidence from the chloroplast gene rpoC1 and rpoC2. Biochem. Syst. Ecol., 22: 377-388. 

Maassoumi, A.A. 1998. Astragalus in the Old World. Research Institute of Forests and Rangelands, 
Tehran. 

Moyna, P. and J.L. DiFabio. 1978. Composition of Cactaceae mucilages. Planta Med., 34: 207-210. 
Niknam, V. and H. Ebrahimzadeh. 2002. Free proline content in Astragalus species. Pak. J. Bot., 

34(2): 129-134. 
Niknam, V. and H. Ebrahimzadeh. 2002. Phenolics content in Astragalus species. Pak. J. Bot., 

34(3): 283-289. 
Niknam, V., H. Ebrahimzadeh and A.A. Maassoumi. 2003. Toxic nitro compounds in Astragalus 

species. Biochem. Syst. Ecol., 6: 557-562. 
Patumi, M., G. Foutanazzu, L. Boldoni and I. Brambilla. 1990. Determination of some precursors 

of lipid biosynthesis in olive fruits during ripening. Acta Horti., 286: 199-201. 
Podlech, D. 1986. Taxonomic and phytogeographical problems in Astragalus of the old world and 

southwest Asia. Proc. Roy. Soc. Edinburgh, 89: 37-43. 
Simpson, B.B. and M. Conner-Ogorzaly. 1986. Economic Botany. pp. 327-337. McGraw-Hill, Inc., 

Singapore. 
Smith, F. and R. Montgomery. 1959. The chemistry of plant gums and mucilages. p. 98. Reinhold, New 

York. 
Sweeley, C.C., R. Bentley, M. Makita and W.W. Wells. 1963. Gas-liquid chromatography of 

trimethylsilyl derivatives of sugar and related substances. J. Am. Chem. Soc., 85: 2497-2507. 
Vanlaeke, G., H. Cuppens, L. Leyssens and J. Paus. 1989. Identification of polysaccharides in 

pharmaceuticals by capillary gas chromatography. J. Pharmaceut. Biomed. Anal., 7: 1641-1649. 
Waterman, P.G. and S. Mole. 1994. Analysis of Phenolic Plant Metabolites. Blackwell Scientific 

Publications, Oxford. 
Williams, M.C. 1981. Nitro compounds in foreign species of Astragalus . Weed Sci., 9: 261-269. 
 

(Received for publication 28 March 2003) 
 


