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Antimicrobial activity of Saussurea costus extracts against Streptococcus 
penumoniae and Escherichia coli
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Abstract: Traditionally, numerous components of medicinal plants, such as their roots, stems, flowers, fruits, and twigs, 
were widely employed as crude extracts to treat many human ailments. This investigation aimed to look at the effectiveness 
of various antimicrobial agents of Saussurea costus against G+ve bacteria Streptococcus penumoniae and G-ve bacteria 
Escherichia coli. The antibacterial activity of the plant was determined using the diffusion technique, which was used to both 
alcoholic and aqueous extracts generated from the plant's roots against streptococcus penumoniae and Escherichia coli; 
the inhibition zone was measured by millimeter. The antimicrobial examination revealed that the Gram-positive bacteria 
represented by Streptococcus penumoniae were susceptible to the alcoholic extracts of S. costus with inhibition zones 
(18 mm) at 200 mg/ml concentration. In contrast, the aqueous extract had fewer inhibition zones (16 mm) at a 200 mg/ml 
concentration. Meanwhile, E.coli had a weak effect on the alcoholic extracts with inhibition zones (13 mm) at 200 mg/ml 
concentration. Still, aqueous extract was (10 mm) at200 mg/ml concentration. The constituents of the ethanolic extract of 
roots were investigated using Gas chromatography-mass (GC); twenty-four compounds were identified in the extract of 
the roots, such as C10H14 and C10H16. The results demonstrated that the Saussurea costus extracts have antimicrobial 
activity against Gram-positive bacteria S. pneumoniae while it has a weak effect against E.coli.
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Introduction
Plants have long been recognized as a significant sour-

ce of natural compounds for the maintenance of human 
health, particularly in developing countries. This has been 
even truer in recent years as more thorough research into 
natural medicines has been done, notably in the past deca-
de1. Studies of natural products derived from various sour-
ces, notably higher plants, have piqued researchers' interest 
in discovering new antimicrobial and antioxidant agents. 
These antimicrobial agents include compounds such as 
tannins and alkaloids and terpenoids and flavonoids, which 
have been proven to exhibit antibacterial activities in vitro 
and in vivo, respectively2. Saussurea costus (also known 
as Saussurea lappa) is a member of the Asteraceae family, 
which is widely spread around the world; however, a large 
number of species are found in India, Pakistan, and some 
sections of the Himalayas, where it is known as the "Indian 
Aster"3. The therapeutic effects of S. costus have been 
thoroughly documented in several medical systems. Many 
cultures have employed the aromatic roots of Saussurea 
costus, as medicines, incense, and ointments for thousands 
of years4. This research aimed to determine the antibacte-
rial activity of extracts against different pathogenic bacteria 
in vitro represented by Escherichia coli and Streptococcus 
penumoniae.

Materials and methods 

Sample Collection
The dried roots of S. costus were purchased at a herbal 

market and were later recognized by a taxonomist at the 
Desert Studies Center at the University of Anbar in Iraq.

Aqueous Extract Preparation
The plant's roots were washed "for 2-3 times with tap 

water, then dried significantly, using an electrical grinder, 
the root was crushed into small particles and subsequently 
fine powder. The powder of dried roots was 25 gm mixed 
with 250 ml of solvent (water) for 24 hours; after that, the 
mixtures were filtered by gauze and centrifuged at 3000 rpm 
for 15 minutes and then dried in a hot air oven at 45 ° C for 
48 hrs. The dried extract was kept in a sterile container until 
used5.

Alcoholic  Extract Preparation
The roots of the plant (25g) were crushed and soaked 

with 90% ethanol, and the mixture was homogenized in 
magnetic stirrers; after that, crude was filtered twice by 
gauze. The filtrate was concentrated on a rotary evaporator 
at 45ºC6.
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Antimicrobial activity
The antimicrobial activity of the extract was perfor-

med by the diffusion method. The selected bacterial isola-
tes streptococcus penumoniae and escherichia coli were 
activated on nutrient broth and incubated for 24 hours at 
37°C. Holes were made on mueller- hinton by using a 6 
mm cork borer. Each hole was filled with extracts. Anti-
bacterial activity was evaluated by measuring the area of 
inhibition zone7. The chromatograph utilized at the Iraqi 
Ministry of Sciences and Technology was a Shimadzu GC-
2010 plus-Japan, which was purchased in Japan. The gas 
chromatography-mass spectrometry (GC-MS) system is an 
extremely significant tool for the study of bioactive chemical 
substances: ZB-5MS is the Capillary column number  (30 m 
x 0.25 mm, ID 0.25 μm), Carrier Gas: UHP Helium, Injection 
Temperature: 280.00˚C, Detector Temperature: 280.00 °C, 
Injection Mode: Split, Flow Control Mode: Pressure, Injector 
Pressure: 100.0 kPa, Total Flow: 47.3 μl/min, Column Flow: 
1.43 μl/min, Linear Velocity: 44.1 cm/min, Injection Volume: 
1 μL, Run Time: 35 minutes. A freshly prepared sample 
(10mg/ml) was used.

Results
The results showed that S. pneumoniae (Table1) 

showed a sensitivity to the alcoholic extract, with the highest 
inhibition zone (18 mm) at 200 mg/ml concentration and the 
lowest inhibition zone being 16 mm at 50 mg/ml concen-
tration. At the same time, the aqueous extract showed a 
sensitivity of S. pneumonia to the extract (16 mm) at a 200 
mg/ml concentration. The lowest rate of inhibition zone was 
15 mm at a concentration of 50 mg/ml. 

Concerning that E.coli,( Table 2 below) (ethanolic ex-
tracts) showed the highest inhibition zone was (13 mm) at 
200 mg/ml, while aqueous extracts of S. costus showed 10 
mm at 200 mg/ml, which means that E.coli has weak sus-
ceptible to the extracts. 

After a GC-analysis evaluation, Saussurea costus roots 
have been shown to be a rich source of numerous bioactive 
elements, which identified twenty-four biochemical substan-
ces in the roots. Table 3 shows the results of a compound 
analysis of an ethanolic extract of S.Costus.

Discussion
High-quality plant extracts with antibacterial properties 

have recently piqued researchers' curiosity, and various 
phytochemicals, such as the antimicrobial actions of several 
plant species, have been extensively studied. Examples of 
antimicrobial capabilities include the crude extracts of herbs 
such as cinnamon and garlic; basil and curry; ginger; sage; 
mustard; and other herbs. These plants also have a killing 
role to word various microorganisms8. In the current study, 
the results are shown in Table  (1) indicated that the zone in-
hibition of streptococcus pneumoniae at the lowest concen-
tration 50 mg/ml was (15 mm), increased by increasing the 
concentration of the alcoholic and aqueous extract, which 
indicates a direct relationship between the concentrations of 
the extracts and the rates of the zone of inhibition. The etha-
nolic extracts offered somewhat good antimicrobial activity 
compared with aqueous extracts; there may be some active 
substances soluble in alcohol and insoluble in water, where 
the active substances released are more. It is commonly 
known that ethanol at 90% concentration can have several 
components more effectively than at lower concentrations. 
The results showed that Gram-positive bacteria were more 
sensitive to the antibacterial activity of ethanolic extracts 
and aqueous extracts of S. costus roots. This may be at-
tributed to the fact that the "cell wall in Gram-positive bac-
teria consists of a single layer, whereas Gram-negative cell 
wall is a multilayered structure" bounded by an outer cell 
membrane9. There has been a plethora of research under-
taken using plant extracts to screen for antimicrobial activity 
and the identification of novel antimicrobial chemicals, all 
of which have proven beneficial. When tested against all 
serogroups of E. coli at (100 % concentration), garlic ex-
tract shown high antibacterial activity owing to the action of 
allicin, diallyl thiosulphinic acid, or diallyl disulfide, among 
other active ingredients11. On the other hand, the earlier re-
search has looked at several ways and chemicals that may 
be utilized to suppress pathogenic bacteria, such as the di-
rect impact of nanoparticles on pathogenic microorganisms 
such as Proteus spp12. Also, several studies have shown 
that applying physical forces to dangerous bacteria, such 
as Audible Sounds and Magnetic Fields, may help to reduce 
infection resistance13.
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Table 1. Inhibition zone of the alcoholic and aqueous extract against s. pneumoniae.
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Conclusions
From the data presented above, we can deduce that 

Saussurea costus extracts have antibacterial activity 
against Gram-positive bacteria such as S. pneumoniae but 
only a mild effect on E.coli.
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