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Astragalus gombo obtained from Ouargla, Algeria, is first studied in this research for antioxidant activity. Our aim
was to evaluate total polyphenol, flavonoid, tannin contents and antioxidant capacity of Astragalus gombo stems. Total
polyphenol, flavonoid and tannin contents of Astragalus gombo stems varied from 4.174 ± 0.034 mg GAE/g DW to
0.213 ± 0.001 mg GAE/g DW, 0.706 ± 0.002 and 0.011 ± 0.000 mg QE/g DW and 0.098 ± 0.005 and 0.0084 ± 0.0001
mg CE/g DW, respectively. The antioxidant activity was measured by two methods: inhibition of DPPH• and total
antioxidant capacity by phosphomolybdate assay (PM). The results showed that the extracts display an excellent
antioxidant capacity. An excellent relationship between antioxidant activity and total polyphenol content manifested
that the phenolic compounds were the most important antioxidant components in the extracts.
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INTRODUCTION
The medicinal use of plants is very old, the
researchers demonstrate that remedial use of
medicinal plants is known since 4000 - 5000 B.C.
and Chinese first employed the natural herbal
composition as treatment. In India, sources of use
of plants as medicine can be found in Rig-Veda,
which is said to be written between 1600-3500 B.C.
[1]. The expression of medicinal plants comprises a
different kind of plants and several of these plants
possess medicinal activities [2]. These medicinal
plants are rich of ingredients, which can help in
developing drugs.
The genus Astragalus is the biggest in the
Fabaceae family, with more than 2500-3000 species
[3]. The species are spread in Central Asia, South
and North America and North and South Africa.
One of these species, Astragalus gombo bunge, is
present in Septentrional Algerian Sahara. It is a
perennial plant, common and endemic, frequently
used as animal fodder [4]. Astragalus roots are used
in traditional medicine as an anti-tonic. It has also
been used to treat diabetes, leukemia and treating
female irregular menstruation and amenorrhea [5].
Some astragalus species like Astragalus
mongholicus and A. membranaceus are used in
traditional Chinese medicine due to their anticancer properties [5, 6].
Free radicals are atoms or molecules with an
unpaired electron and are important intermediates
in natural processes, involving regulating biological
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functions
such
as
vasodilation,
and
neurotransmission. However, an excessive amount
causes many diseases like cancer [7].
Free radicals are not stable and react rapidly
with other compounds, aiming to take the necessary
electron to achieve stability. The human body
possesses a complex system of enzymatic and nonenzymatic antioxidant defenses which neutralize
the deleterious consequences of free radicals [8].
The term antioxidant designates any substance
which has a low concentration compared to
oxidizable substrates, inhibits or delays the
oxidation process [7]. The antioxidants play an
important role in the protection from free radicals
by donation of hydrogen or electron, which quench
the free radicals [9].
The interaction of flavonoids with many radicals
has been used in various studies to evaluate the
essentials of antioxidant capacity [10].
The aim of this work is to measure the total
content of phenolic, flavonoid and tannin
compounds of stems Astragalus gombo bunge and
study the correlation between them and the
antioxidant capacity.
MATERIAL AND METHODS
Chemicals and reagents
Folin-Ciocalteu reagent, ascorbic acid, gallic
acid,
catechin,
vanillin,
2,2-diphenyl-1picrylhydrazyl (DPPH), sulfuric acid, butylated
hydroxytoluene (BHT) were purchased from Sigma
Aldrich; ammonium molybdate, sodium carbonate,

 2021 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

307

S. Benferdia et al.: Phytochemical composition and antioxidant activity of Algerian Astragalus gombo stems

hydrochloric acid, sodium dihydrogen phosphate,
were provided by Biochem Chempharma. All other
chemicals and solvents used in this research were
of analytical grade.
Instrumentation
The proposed work was carried out on a UV/Vis
spectrophotometer SPECTROSCAN 80 DV. All
weighing was done on an electronic analytic
balance. Plant extracts preparation was carried out
by using a rotary evaporator ISOLAB GmbH for
evaporating the solvent.
Plant collection
Plant stems were collected from the region of
Oued N'ssa [32°23'N 5°21'E] (Ouargla, Algeria,
arid climate). The collection was in the mornings in
the beginning of March 2018. Professor
Abdelmadjid Chahma from the University of
Ouargla, Algeria, identified the specimen. Stems
were cut into small parts and stored in paper
containers at 25 °C in darkness until required for
use.
Preparation of the extracts
Stems of Astragalus gombo were macerated at
room temperature with petroleum ether for 24 h,
and then the plant was air-dried until all the solvent
was evaporated. After that the stems were
macerated again with MeOH-H2O (80:20, v/v) for
24 h three times. After filtration, the filtrate was
evaporated until dryness, subsequently the dried
filtrate was dissolved with H2O and successively
extracted using different organic solvents
dichloromethane, ethyl acetate and butanol. These
extracts, as well as the rest water fraction were
concentrated under reduced pressure and then
redissolved with minimum of methanol or water
and kept at 4°C.
Phytochemical screening
The crude extract of stems was used for carrying
out the following phytochemical tests using
standard procedures to identify the various
constituents described in the literature [11-13].
Determination of total phenolic content (TPC)
The total phenolic content in all stems extracts
of Astragalus gombo was determined spectrophotometrically according to the Folin-Ciocalteu
method [14]. Briefly, 0.1 ml of the extract sample
was mixed with 0.5 ml of a 10 % Folin-Ciocalteu
reagent (diluted in distilled water 1/10). After 5
min, 2.0 ml of 20 % Na2CO3 were added, and the
mixture was incubated for 30 min at 25°C in the
dark. Absorbance at 760 nm was measured. The
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TPC was determined using linear regression
equation obtained from the calibration curve of
gallic acid. The content of total phenolic
compounds was determined as meanSD (n=3) and
expressed as mg gallic acid equivalent GAE/g of
dry weight (DW) of plant.
Determination of total flavonoid content (TFC)
The content of total flavonoids was measured
using the aluminum chloride colorimetric assay
[15]. Briefly, 0.5 ml of the extract was added to 0.5
ml of 2 % AlCl3 ethanol solution. After 30 min
incubation at 25°C, the absorbance at 430 nm was
measured. The content of total flavonoids was
estimated as mean ± SD (n = 3) and expressed as
mg quercetin equivalent QE/g of dry weight (DW).
Determination of total tannin content (TTC)
The total tannin content of the Astragalus
gombo stems was determined by using the vanillinacidified method [16]. 3 ml of a freshly prepared
solution of vanillin (4% w/v vanillin solution in
ethanol) and 1.5 ml of concentrated HCl were
added to 0.4 ml of extract sample. After 15 min of
incubation, the absorbance at 500 nm was
measured. The content of total tannin was estimated
as mean ± SD (n = 3) and expressed as mg catechin
equivalent CE/g dry weight (DW).
Antioxidant activity
Evaluation of total antioxidant capacity by
phosphomolybdate
assay
(PM).
Phosphomolybdate assay was used to estimate the
antioxidant activity of the samples [17]. The
different extracts and fractions of Astragalus
gombo were used. Various concentrations of
extracts (0.1 ml) were mixed with 1 ml of reagent
solution (4 mM ammonium molybdate, 28 mM
sodium phosphate and 0.6 M sulfuric acid). The
mixture was kept at 95 ºC for 90 min. The
absorbance was read at 695 nm against blank after
cooling the tubes at 25°C, using ascorbic acid as a
positive control, and the results were expressed in
mM as the ascorbic acid equivalent antioxidant
capacity AEAC. The following equation was
employed to determine the values of AEAC:

where, kextract: slope of the curve absorbance =
f(1/dilution number), kascorbic acid: slope of the curve
absorbance = f(concentration of ascorbic acid).
DPPH radical scavenging activity. The power to
scavenge the free radical DPPH• was estimated as
the decrease in absorbance at 517 nm according to
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[10]. Sample solution (1.5 ml) at various
concentrations was added to methanolic DPPH (1.5
ml of a 0.25 mM solution) . The mixture was
incubated for 30 min in dark, and then the
absorbance was measured at 517 nm against a
control. The antioxidant capacity of the extract was

expressed as an IC50 value defined as the
concentration (mg/ml) of the extract that inhibited
DPPH• radicals by 50%. The following equation
was employed to determine the % DPPH radical
scavenging activity:

RESULTS AND DISCUSSION

Another study [19] revealed the presence of
protein in the aerial parts of Astragalus gombo from
a semi-aride region in Algeria. On the other hand,
Kim et al. [20] isolated protein of Astragalus
membranaceus which acts as an allergen.
The richness of the Astragalus species in
polysaccharides and saponins explains the use of
this plant for their hepatoprotective, immunestimulant, antioxidative, and antiviral properties
[21].
In addition, this plant contains coumarins which
are used as anticoagulants [22], antioxidants,
antimicrobial (antiviral, antifungal, and antiparasitic), anticancer, antidiabetic, analgesic, antineurodegenerative, and anti-inflammatory agents
[23].
Preliminary tests have shown the existence of
phenolic compounds. These compounds have a
wide range of biological activities [24]. Therefore,
our choice focused on this family of compounds
that were obtained by the methods of extraction of
polyphenols. The results are shown in Table 2.
The TPC of the various stems extracts is
expressed in terms of GAE and is presented in
Table 2. The TPC were calculated using the
following linear regression equation derived from
the standard curve of gallic acid: y = 3.326x, R2 =
0.992, where y is absorbance and x is the
concentration of gallic acid in g/L. Total phenolics
ranged from 4.174 ± 0.034 mg GAE/g DW to 0.213
± 0.001 mg GAE/g DW (Table 2). The highest
content was found in the aqueous phase of stems;
the lowest content was registered in the ethyl
acetate phase of stems.
Ethyl acetate was applied to extract medium
polar flavonoids and glycosides while butanol and
water were utilized for extracting polar compounds
like phenolic acids, aglycones. The TFC of the
various crude extracts are expressed in terms of QE
and are presented in Table 2. The TFC were
calculated using the following linear regression
equation obtained from the standard plot of
quercetin: y = 36.37x, R2 = 0.999, where y is
absorbance and x is the concentration of quercetin
in g/L.

The recovery percentage of extractable
compounds of stems ranged from 4.8852 to
0.1387%. The extraction yields of dichloromethane
and of ethyl acetate were low, however, the yield of
butanol extraction was significant. The results
revealed that the highest yield extracts were
obtained by the crude (methanol) (4.8852%) and
butanol (1.2947%). This can be related to the
richness of the plant in polar compounds. The
variation in the yields of extracts could be
attributed to the difference in solvent polarities
used, which also plays a key role in increasing the
solubility of phytochemical compounds.
The curative properties of Astragalus gombo are
probably due to the existence of various secondary
metabolites
like
polyphenols,
flavonoids,
coumarins, saponins, quinones, tannins, etc. The
phytochemical screening of the extracts from the
stems of Astragalus gombo is illustrated in Table 1.
The results of phytochemical tests detected the
presence of flavonoids, tannins, protein, glycosides,
terpenoids, coumarins, saponins and quinones. The
existence of these compounds has been proved and
six new cycloartane-type triterpene glycosides have
been isolated in Astragalus gombo [18].
Table 1. Phytochemical screening of extracts from
stems of Astragalus gombo
Phytochemical components
Flavonoids
Steroids
Tannins
Saponins
Terpenoids
Alkaloids
Glycosides
Cardenolides
Protein
Quinones
Polyphenols
Coumarins
+ = Present, - = Absent

Stems
++
+
+++
+
++
+
+
+++
+++
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Table 2. Yields of the extracts, total phenolic, flavonoid, tannin and antioxidant activity of various extracts of
Astragalus gombo
Extracts

Yield
%

Crude
4.8852
Dichloromethane 0.1387
Ethyl acetate
0.1508
Butanol
1.2947
Aqueous
ND
BHT
/
Vitamin C
/
ND, not determined

TPC
mg GAE/g DW

TFC
mg QE/g DW

TTC
mg CE/g DW

IC50
mg/ml

AEAC
mM

3.1040.011
0.2540.001
0.2130.001
1.2090.008
4.1740.034
/
/

0.5480.001
0.0110.000
0.5180.002
0.7060.002
0.5930.002
/
/

0.0290.001
0.0080.000
0.0080.000
0.0390.003
0.0980.005
/
/

1.5860.011
0.0730.005
0.3000.026
0.6160.021
0.8900.080
0.004±0.000
0.009±0.000

271.50.3
099.11.8
099.21.1
194.722
229.11.4
004.9±1.5
/

TFC of the crude extract and the fractions of
Astragalus gombo, expressed as quercetin
equivalent per gram dry weight mg QE/g DW, was
between 0.706± 0.002 and 0.011 ± 0.000 mg QE/g
DW. The highest content was found in butanol
stems extracts; the lowest content was registered in
dichloromethane stems extracts. Total tannin
equivalents of the various extracts are expressed in
terms of catechin equivalent and are presented in
Table 2. The TTC were calculated using the
following linear regression equation obtained from
the standard plot of catechin: y = 4.378x, R2 =
0.997, where y is absorbance and x is the
concentration of catechin in mg/mL. TTC in the
fractions and the crude extract of Astragalus
gombo, varied between 0.098 ± 0.005 and
0.0084±0.0001 mg CE/g DW. The highest content
was found in aqueous stems fractions, while the
lowest was found in dichloromethane stems
fractions.
The role of an antioxidant is to scavenge free
radicals. One mechanism out of which this is done
includes donating hydrogen to a free radical and
hence its reduction to an unreactive species.
Addition of hydrogen removes the odd electron
feature, which is responsible for radical reactivity.
The antiradical activity of ten crude extracts of
Astragalus gombo leaves and stems was
investigated by radical scavenging methods such as
DPPH•.
The
scavenging
effect
of
different
concentrations of Astragalus gombo leaves and
stems extracts on the DPPH• free radical was
compared with that of a standard antioxidant,
(ascorbic acid and BHT). The results, expressed as
IC50 (mg/ml), are shown in Table 2.
The method of DPPH• is based on the reduction
of the stable radical DPPH• with a violet color to
DPPH-H with a yellow color. The disappearance of
the violet color can be monitored spectrophotometrically at 517 nm. The values of IC50
varied between 1.5860.011 and 0.0730.005
310

mg/ml (Table 2). The best activity was found in the
dichloromethane stems fraction with an IC50 value
of 0.0730.005 mg/ml followed by ethyl acetate
with an IC50 value of 0.30.026 mg/ml. BHT and
ascorbic acid showed a good antiradical activity,
better than all extracts.
The total antioxidant activity of the different
extracts of Astragalus gombo was measured by the
phosphomolybdenum method, which is based on
the reduction of Mo (VI) to Mo (V).
The formation of green phosphate/Mo (V)
compounds was measured at 695 nm. Total
antioxidant activity of all extracts varied between
271.5 ± 0.3 and 99.1 ± 1.8 mM. Crude fraction had
a strong antioxidant activity with a value of 271.5 ±
0.3 mM followed by aqueous stems extract with a
value of 229.1 ± 1.4 mM. The lowest antioxidant
activity was recorded in the dichloromethane
fraction with a value of 99.1 ± 1.8 mM.
Recently interest in food phenolics has highly
increased, for their antioxidant capacity and their
possible beneficial effects in human health, such as
in the treatment and prevention of cancer,
cardiovascular disease, and other pathologies [25].
Phenolic compounds undergo a complex redox
reaction
with
the
phosphotungstic
and
phosphomolybdic acids present in the FolinCiocalteu reagent [26]. Under alkaline conditions,
phenolic compounds reduce the Folin reagent to
form a blue color; however, the assay is not specific
for phenolic compounds. Tryptophan, ascorbic acid,
thiols, redox-active metal ions, and nucleotide
bases all reduce the Folin reagent and increase the
final values [27].
Flavonoids, as a class of polyphenolics, are one
of the most diverse, and most extensively present in
plants. Numerous studies have established positive
effects of flavonoids as potent antioxidants. These
compounds exert a wide range of anticancer effects
[28].
We have observed that phenolic and flavonoid
contents are higher in the polar fractions (aqueous
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and butanol fractions), which may indicate that
these
polyphenol
compounds
are
more
hydroxylated and/or glycosydated. The content of
phenolic or flavonoid compounds in the fractions
was affected by their solubility in the solvent used
for extraction. Polar fractions had more
polyphenols than non-polar fractions. Other studies
showed that the content of phenolics in leaflets in
different Astragalus species was higher than that in
roots and seeds [29].
Comparing our results with previous studies
specific for Astragalus gombiformis we noted that
the values of IC50 obtained by Teyeb et al. [30] are
higher. By way of example, for the aerial parts they
give 0.473 mg/ml; and for the roots - 0.626 mg/ml.
We recall that the extraction system used in this
study is methanol.
Other studies on the Astragalus chrysostachys
Boiss. roots show that the inhibition of DPPH• is
better than our results - in ethyl acetate phase
0.0146 mg/ml and in butanol phase - 0.0517 mg/ml
[31].
Antioxidant capacity assays may be in general
classified as single electron transfer (SET) and
hydrogen atom transfer (HAT) based assays. SET
assays measure the capacity of an antioxidant in the
reduction of an oxidant. Phosphomolybdenum
assay method is based on the redox antioxidant
reaction.
Relationships among antioxidant capacity estimates
and TPC, TFC, TTC
In the current research, the extracts of stems
give an excellent correlation between TTC and TPC
with a correlation coefficient R2 = 0.85 while the
extracts give a medium correlation between TPC
and TFC with R2 = 0.46. Moreover, the extracts of
stems give a medium correlation between TFC and
TTC with R2 = 0.48. The TTC and TFC give a
medium correlation with the antioxidant activity
(especially with IC50). On the contrary, a good
correlation is shown between TPC and the
antioxidant activity especially with IC50 (R2 = 0.78).
Zhang et al. [32] estimated the antioxidant
activity of a number of extracts from Astragalus
complanatus obtained under different extraction
conditions. They found that the antioxidant
capacity, measured by DPPH• test, well correlates
to the TPC of the corresponding extracts. The high
correlation coefficient (0.95) indicates that the total
phenolics in the extracts were the major free radical
scavenging compounds.
In addition, a good correlation is shown of TPC,
TFC and TTC with the reduction capacity of Mo
(VI) to Mo (V). Furthermore, according to some

studies, the antioxidant activity depends on the
structural conformation of the phenolic compounds.
The latter is generally influenced by the phenolic
compounds in the samples and by the different
mechanisms involved in the radical–antioxidant
reactions. These compounds may have a wide set of
chemical structures that could react with radicals by
hydrogen donation and/or electron transfer. There is
an excellent correlation between the two methods
of antioxidant activity determination (PM and
DPPH•) (R2 = 0.94).
CONCLUSION
In the present study, application of different
solvents to extract antioxidant compounds from
Astragalus gombo stems was investigated. Our
results suggest that Astragalus gombo bunge could
be a potential source of compounds with strong
antioxidant potential. In addition, a high content of
phenolics and tannin in this plant was determined.
This study indicated that the aqueous fraction
has higher phenolic and tannic contents than other
fractions. In addition, it exhibited strong
antioxidant capacities in PM assay. All extracts
exhibited strong reduction of Mo(VI) to Mo(V)
comparable to the commercial BHT antioxidant.
That is why the Astragalus gombo bunge is a
suitable plant for treatment of many diseases.
Acknowledgements: The authors gratefully
acknowledge the support provided by Mr
Mohamed Hadjadj, Director of VPRS
Laboratory, University of Ouargla, Algeria.
Conflict of interest: All authors declare no conflict
of interest.
REFERENCES
1.
2.
3.

4.

5.
6.
7.
8.

S. Hosseinzadeh, A. Jafarikukhdan, A. Hosseini, R.
Armand, Int. J. Clin. Med., 6, 636 (2015).
B. A. Rasool Hassan, Pharmaceut. Anal. Acta, 3,
1000e139 (2012).
S. Naghiloo, A. Movafeghi, A. Delazar, H.
Nazemiyeh, S. Asnaashari, M. R. Dadpour,
BioImpacts: BI, 2, 106 (2012).
T. Chouana, G. Pierre, C. Vial, C. Gardarin, A.
Wadouachi, D. Cailleu, D. Le Cerf, Z. Boual, M. D.
O. El Hadj, P. Michaud, Carbohydr. Polym., 175,
388 (2017).
A.
Dasgupta,
Antiinflammatory
Herbal
Supplements, 76 (2019).
P. Liu, H. Zhao, Y. Luo, Aging and Dis., 8, 868
(2017).
O. O. Abiodun, M. E. Nnoruka, R. O. Tijani, Turk.
J. Pharm. Sci., 17, 344 (2020).
Z. Rahmani, M. Dekmouche, M. Hadjadj, M. Saidi,
Der Pharma Chem., 8, 1 (2016).

311

S. Benferdia et al.: Phytochemical composition and antioxidant activity of Algerian Astragalus gombo stems
9.
10.
11.
12.

13.
14.

15.
16.
17.
18.

19.
20.
21.

312

C. Bakka, M. Hadjadj, O. Smara, H. Dendougui, S.
Mahdjar, Int. J. Pharm. Sci. Res., 11, 3634 (2019).
Z. Rahmani, A. Douadi, Z. Rahmani, Asian J.
Chem., 12, 362 (2019).
R. N. S. Yadav, M. Agarwala, J Phytol., 3, 11
(2011).
A. J. Harborne, Phytochemical methods a guide to
modern techniques of plant analysis, Springer,
Netherlands, 1998.
W. C. Evans, Pharmacognosy E-book. Elsevier
Health Sciences, 2009.
N. Stanković, T. Mihajilov-Krstev, B. Zlatković, V.
Stankov-Jovanović, V. Mitić, J. Jović, L. Čomić, B.
Kocić, N. Bernstein, NJAS-Wagen J. Life Sc., 78, 23
(2016).
M. Abdeldjabbar, D. Messaouda, R. Zhour, B.
Cheyma, Asian J. Chem., 13, 2 (2020).
D. Djemoui, M. Saidi, Z. Rahmani, A. Djemoui, J.
Fundam. Appl. Sci., 11, 283 (2019).
P. Prieto, M. Pineda, M. Aguilar, Anal. Biochem.,
269, 338 (1999).
L. Maamria, C. Long, H. Haba, C. Lavaud, A.
Cannac, M. Benkhaled, Phytochem. Lett., 11, 286
(2015).
S. Medjekal, H. Bousseboua, Livest. Res. Rural.
Dev., 28 (12), 1 (2016).
K.-H. Kim, J. Y. Park, I.-S. Lee, K. J. Lim, W. S.
Jung, H.-J. Jang, BioChip J., 10, 95 (2016).
J. L. Rios, P. G. Waterman, Phytother. Res., 11, 411
(1997).

22. J. K. Aronson, Meyler's Side Effects of Drugs 16E:
The International Encyclopedia of Adverse Drug
Reactions and Interactions, University of Oxford,
Oxford, UK, 2015, p. 7674.
23. M. J. Matos, L. Santana, E. Uriarte, O. A. Abreu, E.
Molina, E. G. Yordi, Coumarins - an important class
of phytochemicals, Phytochemicals - Isolation,
Characterisation and Role in Human Health, 2015,
p. 113.
24. M. Al-Owaisi, N. Al-Hadiwi, S. A. Khan, Asian
Pac. J. Trop. Biomed., 4, 968 (2014).
25. L. Bravo, Nutr. Rev., 56, 317 (1998).
26. V. L. Singleton, J. A. Rossi, Am. J. Enol. Vitic., 16,
144 (1965).
27. R. R. Schendel, Phenol content in sprouted grains,
in: Sprouted Grains: Nutritional Value, Production,
and Applications, Elsevier, London, UK, 2019, p.
279.
28. D. M. Kopustinskiene, V. Jakstas, A. Savickas, J.
Bernatoniene, Nutrients, 12, 1 (2020).
29. V. Niknam, H. Ebrahimzadeh, Pak. J. Bot., 34, 283
(2002).
30. H. Teyeb, O. Houta, H. Najjaa, A. Lamari, M.
Neffati, W. Douki, M. F. Najjar, Z. Naturforsch.,
67c, 370 (2012).
31. J. Ghasemian-Yadegari, S. Hamedeyazdan, H.
Nazemiyeh, F. Fathiazad, Iran J. Pharm. Res., 18,
1908 (2019).
32. Q.-A. Zhang, X.-H. Fan, Z.-Q. Zhang, T. Li, C.-P.
Zhu, X.-R. Zhang, W. Song, Food Chem., 141, 1295
(2013).

