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Abstract

Background:
The ability to form biofilms by microorganisms is one of the virulence factors used by bacteria to

cause disease and is measured by measuring optical density (O.D), which is a measure to estimate the
concentration of bacterial species growing in the culture media.
Materials and Methods:

The bacterial cultures of six different bacterial isolates of S. marcescens and Klebsilla pnemoniae
, Enterococcus cloacea , Eshcherchia coli , Staphylococcus aureus, Psedomonas aeruginosa were
reconstituted from frozen stock, which diagnosed by using VITEK 2 Densi screening tool, then plant
extracts of Allium sativum and Alhagi maurorum were prepared to test the effect of these extracts on the
bacterial isolates under study.Optical density was measured using a spectrophotometer at a wavelength
of 490 nm before and after treatment of the bacterial isolates with the two extracts A.sativum and A.
maurorum .

Results:

The ability of K. pnemoniae , S. marcescens and E. cloacea, to form biofilm reduced with
absorption value 0.52+0.01, 0.66+0.03, 0.8+0.01 respectively, and the ability to form biofilm from E.
cloacea , E. coli after adding A. maurorum extract was decreased and the absorbance value reached
0.66+0.01,0.66+0.005 respectively after being treated with A. maurorum extract.

Conclusion:

Biofilm formation is one of the virulence factors that helps microorganisms resist the environment
in which they exist and resist antibiotics. Therefore, medicinal plant extracts are used as an alternative,
which have been shown to inhibit the growth of some pathogenic bacterial species.
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Introduction

The formation of biofilms by pathogenic bacterial species is one of the factors
of virulence possessed by these bacterial species as a way to cause disease and
resistance to antibiotics used for treatment[1]. There are an opportunistic and antibiotic-
resistant bacterial species that includes P.aeruginosa ; it is famous as the major cause
of cystic fibrosis in addition to nosocomial contagions,Because of methods for
acclimation, existence in addition to immovability against numerous types of
antibiotics; Therefore, it is considered dangerous to public health[2]. S. marcescens is
an opportunistic, gram negative, nosocomial bacteria, S. marcescens was considered a
non-pathogenic, saprophytic water bacteria; it was often utilized as a biological
indicator because of its readily detectable red colonies[3].

S. aureus is gram positive; it is the main reason of pathogen and infective
endocarditis in addition to osteoarticular, skin and soft tissue, pleuropulmonary[4].
Escherichia coli is a stick-formed ,gram-negative , usually establishes in the bottom
intestine of warm-blooded organisms, that is considered normal microbiota ,about
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0.1% of gut micro biota[5].Bacterial species are able to remain alive external surface
of the body for a restricted period. Which makes it a source of fecal pollution of
samples[6].Enterococcus faecalis is a gram-positive bacterium that can cause to cause
a variety of nosocomial infections. The treatment of this infection is complicated and
humiliating because E. faecalis is resistant to many drugs [7].

K. pneumoniae is an opportunistic bacterium related to community-obtained
nosocomial contagions[8]. It is a gram-negative, incapable of motion. and encapsulated,
which is found in the normal flora of the mouth, skin, and intestines, it is able to lead
to destructive modification to human and animal lungs if breathed, precisely to the
alveoli causing bloody, colored jelly similar to a mixture of saliva and mucus coughed
up from the respiratory tract [9]. For a long time, medicinal plants have been used to
treat diseases. These plants contain organic compounds, which have an effective role
in inhibiting the growth of microorganisms.These compounds include tannins,
alkaloids, carbohydrates, terpenoids, steroids and flavonoids[10].

A. sativum or garlic contains many compounds that are considered
antimicrobial. The occurrence of diseases which occur due to diseases is attributed to
the ability of microorganisms to form biofilms, which is evidence of very high
resistance to antibiotics[11]. A. maurorum has the ability to inhibit microorganisms
because it contains active compounds which are alkaloids, flavonoids, anthraquinones,
cardiac glycosides, coumarins, saponins, phlobatannins, tannins and terpenoids in
leaves and roots[12,13].Therefore,this study investigates the ability of Allium sativum
and Alhagi maurorum as a natural antibiotics against six pathogenic bacterial
species,Particularly in relation to biofilm disruption and inhibition of the metabolic
activity of biofilm cells.

Materials and Methods
Preparation of bacterial cultures

Six different clinical bacterial isolates of S. marcescens , K. pnemoniae , E.
cloacea , E. coli ,S. aureus, P. aeruginosa were reconstituted from frozen stock;
laboratory reference strains have been sub-cultured for months since their first isolation.
These isolates were obtained from the refrigerator of the microbiology laboratory in the
college as preserved isolates, as they were previously isolated from pathological
samples of people with burns and from patients suffering from infections in the
respiratory system or in the digestive system and they were previously diagnosed using
the VITEK 2 Densi device [14], and kept for laboratory experiments.After lightly
scratching the surface of the frozen stock, with a sterile inoculating loop, bacterial
cultures were suspended in 5 mL Tryptic Soy Broth (TSB) and grown in a vibrating
incubator at 37°C to 24 hours. The culture was preserved in a vibrating incubator for
the period of the trials[15].
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Preparation Plant extracts

10 g of A. sativum and A. maurorum were dissolved and 200 ml of distilled water
was added to it. The mixture was well mixed and the extracts were filtered using 0.1
cm diameter filter paper. Then they were transferred to centrifuge tubes and used for
2500 centrifugal cycles of five duration each minutes. The supernatant part of the
extract was collected, dried and preserved until use and finally the concentrations 400
mg/ml were prepared to test the effect of these extracts on the bacterial isolates under
study[16,17]. Finally, a series of concentrations 300, 200, and 400 mg/ml were
prepared; A concentration of 400 mg/ml was chosen because was more
effective at inhibiting the bacterial isolates under examination[16,17].

Overnight cultures of S. marcescens , K. pnemoniae , E. cloacea , E. coli ,S.
aureus, P. aeruginosa isolates were incubated with 3 ml of fresh TSB .The bacterial
count was adjusted to 2 x 10’ CFU/ml. A 2000 ul of standardized inoculums were added
to the wells of sterile flat-bottom polystyrene micro titer plates, and incubated at 37°C
for 24 hours in a closed and humidified plastic tube, than a 1000 pl of standardized
inoculums 2 x 10" CFU/ml plus 1000 ul of plant extracts were added to each of six
sterile flat-bottom polystyrene tubes which have a diluted bacterial suspension, and
incubated at 37°C for 24 hours in a closed and humidified plastic container to measure
optical density later.

Measurement optical density of growth bacterial isolates

The wavelength of the Spectrophotometer(PD-303) was set at 490nm , the
cultures were diluted in tryptic soy broth from 10 to 10, Fourth and fifth dilutions 10-
410 were used in the present study of measuring optical density before adding
A.sativum and A. maurorum extract and after adding two plant extracts.

Statistical Analysis

The differences between two groups were explanation by IBM SPSS Statistics
26 and used to Mean of optical density+ standard deviation and for three identical
replicates from identical trials. A value of standard deviation SD was deemed
statistically important.

Results and Discussion

The ability of S. marcescens , K. pnemoniae , E. cloacea , E. coli ,S. aureus, P.
aeruginosa to form biofilm before and after treated with A. sativum and Alhagi
maurorum extracts were measured by spectrophotometer (PD-303) at a wavelength of
490 nm.The current study showed that not all six bacterial isolates affected by A.
sativum extract. A decrease in the formation of biofilms was observed in the K.
pnemoniae, S. marcescens and E. cloacea, with absorption value 0.52+0.01, 0.66+0.03,
0.8+0.01 respectively. While P. aeruginosa , S. aureus, E. coli are showed increasing
of biofilm formation when treated with garlic extract, where the value of the absorbance
or optical density reached 0.98+0.02, 0.91+0.04,0.81+0.01 (table 1)
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Table 1. Mean and Standard Deviation of biofilm formation in terms of optical
density for S. marcescens , K. pnemoniae , E. cloacea , E. coli ,S. aureus, P.
aeruginosa before and after being treated with A. sativum extract.

*(+/- SD + : high ; - : low).

Bacterial isolates O.D = SD*
without treatment | with treatment with treatment

(10%) dilution (10%)dilution
Serratia marcescens 0.75+ 0.05 0.68+0.03 0.66+0.03
Klebsilla pnemoniae 0.80+ 0.08 0.56+0.07 0.52+0.01
Enterococcus cloacea 0.98+0.05 0.86+ 0.02 0.8+0.01
Eshcherchia coli 0.703+0.005 0.74+0.005 0.81+0.01
Staphylococcus aureus 0.45+0.04 0.87+0.015 0.91+0.04
Psedomonas aeruginosa 0.66+0.005 0.95+0.05 0.98+0.02

For explanation of the results, isolates may be separated into the following groups:
no biofilm producer O.D=0 ,weak biofilm producer O.D=1, moderate biofilm producer
0.D=2 and strong biofilm producer O.D=3[18].In table 2, showed increasing the ability
of P. aeruginosa, S. marcescens, K. pnemoniae, S. aureus to form biofilm after are
treated with A. maurorum extract,where the value of the optical density were
0.74+0.005, 0.63+0.01, 0.52+0.02, 0.52+0.01 respectively. It depends on the size of
these bacterial isolates; the reason for this dependence becomes evident bacterial
isolates are approximately 600 nm in diameter according to Ref.[19]. instead
of using wavelength 490nm. While the effect of A. maurorum extract on E. cloacea ,
E. coli ,were observed, their ability to form biofilm decreased and the absorbance value
reached 0.66+0.01,0.66+£0.005 respectively after treated with A. maurorum
extract(table 2).
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Table 2. Mean of biofilm formation in terms of optical density for S. marcescens, K.
pnemoniae , E. cloacea , E. coli ,S. aureus, P. aeruginosa before and after being
treated with A.maurorum extract.

O.D + SD*

Bacterial isolates

without with treatment with treatment

treatment (104 dilution (10%)dilution
Serratia marcescens 0.57+0.005 0.605+ 0.005 0.63+0.01
Klebsilla pnemoniae 0.49+0.02 0.49+0.01 0.52+0.02
Enterococcus cloacea 0.85+ 0.005 0.67+0.005 0.66+0.01
Eshcherchia coli 0.703+0.005 0.68+0.005 0.66+0.005
Staphylococcus aureus 0.45+0.04 0.5+0.01 0.52+0.01
Psedomonas aeruginosa 0.66+0.005 0.703+0.005 0.74+0.005

*(+/- SD + : high ; - : low).

The results in the current study showed that most resistant of the six bacterial
species when treated was S. aureus from the other five bacterial species, followed by
S. marcescens and P. aeruginosa when treated with A. sativum, which biofilm strength
was about 1.9,1.06,1.06 respectively,while K. pnemoniae showed less biofilm
formation after treatment with garlic extract, followed by E. cloacea which biofilm
strength was about 0.7,0.78 respectively, between the organosulfur components of
garlic, S-allyl cysteine sulfoxide or alliin is the odorless compound. Sliced garlic is
affected by the alliinase enzyme, which is the cysteine sulfoxide lyase, and converts
into allicin,these substances are in control of the strong smell of garlic and have
antimicrobial in addition antioxidant features[20] and remedy of bacterial
infections[21].Allium sativum is evaluated to consist of more than two hundred
chemical materials that can conserved the human organism against several illnesses
according to Ref.[22].As for A. maurorum extract, its efficiency was less in reducing
the susceptibility of the six bacterial species to biofilm formation.Whereas S. aureus
then followed with S. marcescens and P. aeruginosa, showed a high ability to form
biofilm despite being treated with A. maurorum extract ;where the strength of the
biofilm reached 1.1,1.06,1.06 respectively. As for the bacterial species, E. cloacea and
E.coli are weakened their ability to form biofilm, which affected when treated with A.
maurorum extract, , as the strength of the a biofilm reached 0.78,0.9 respectively(fig.1).

Page | 82

ISSN: 2312-8135 | Print ISSN: 1992-0652

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com


https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
mailto:info@journalofbabylon.com

ARTICIF

JOURNAL OF UNIVERSITY OF BABYLON
For Pure and Applied Sciences (JUBPAS)

Vol.31;No.1.| 2023

ey D T 2 (T e €y Ty S D T e e T

e nh e siinatl v emnid et n il ai i w

D Allium sativum

m Alhagi maurorum

1.8
16
1.4
1.2

r 08

| o6
N 04
N 02

> & S > = o

& & 0 & & &
& Cid ® 20 o &

g ° & P & &

£ & & oF & 2
& & © o NG S
& 3 < & & &
o
oboé\ &?Q‘Q ‘oé?’ o ¢
)
&

Figure 1. strength of biofilm of fourth dilution for S. marcescens , K. pnemoniae , E.
cloacea, E. coli ,S. aureus, P. aeruginosa after being treated with A. maurorum and A.
sativum .

In a previous study has described the medicinal properties of A. maurorum in
communal medicines to be used as streaky, increased passing of urine, used to treat
coughs, and an anti-ulcerogenic drug [23]. A. maurorum is rich in phenolic and
flavonoid components [24], and these components have been shown to have several
curative advantages such as being antibacterial and anti-inflammatory [25]. According
to Figure 2, the most resistant of the six bacterial species when treated was S. aureus,
which outperformed the other five bacterial species when treated with Allium sativum
and Alhagi maurorum extracts, with biofilm strengths of about 2.02 and 1.15,
respectively. While when used Alhagi maurorum extract, Among the other five
bacterial species, Alhagi maurorum extract is effected on E. cloacea, as the biofilm
strength reached 0.7.Whereas S. aureus and P. aeruginosa showed a high ability to
form biofilm despite being treated with Alhagi maurorum extract, as the biofilm
strength was reached (1.15,1.12)respectively.
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Figure 2. Strength of biofilm of fifth dilution for S. marcescens , K. pnemoniae , E.
cloacea, E. coli ,S. aureus, P. aeruginosa after being treated with A. maurorum and A.
sativum .

Conflict of interests
The authors declare that there is no competing interest.

References

[1] H-C.Flemming, J.Wingender, U. Szewzyk, P.Steinberg, S.A. Rice and S. Kjelleberg.
Biofilms: an emergent form of bacterial life. Nat Rev Microbiol.vol. 14,n0.9,pp.563-
575.doi: 10.1038/nrmicro.2016.94.2016.

[2] M.F.Moradali, S.Ghods and B.H.A. Rehm. Pseudomonas aeruginosa Lifestyle: A Paradigm
for Adaptation, Survival, and Persistence. Front. Cell. Infect. Microbiol.vol.7,n0.39,pp.1-
29.2017. https://doi.org/10.3389/fcimb.2017.00039.

[3] A. Khanna, M. Khanna and A. Aggarwal. Serratia Marcescens- A Rare Opportunistic
Nosocomial Pathogen and Measures to Limit its Spread in Hospitalized Patients . J Clin
Diagn Res. Vol.7,No.2,Pp.243-246. doi: 10.7860/JCDR/2013/5010.2737

[4] S.Y.C.Tong, J.S.Davis, E.Eichenberger, T.L.Holland, and V.G. Fowler. Staphylococcus
aureus infections: epidemiology, pathophysiology, clinical manifestations, and
management.  Clin  Microbiol Rev. vol.28,n0.3,pp. 603-661. 2015.doi:
10.1128/CMR.00134-14.

[5] O.Tenaillon, D.Skurnik, B.Picard, E. Denamur . The population genetics of commensal
Escherichia coli. Nature Reviews. Microbiology. Vol.8,n0.3,pp. 207-17. 2010.
d0i:10.1038/nrmicro2298.

[6] A. Thompson. E. coli Thrives in Beach Sands. Live Science. 2007. Retrieved 3.
www.livescience.com/4492-coli-thrives-beach-sands.html.

[7] A.L.Kau, S.M.Martin, W.Lyon, E.Hayes, M.G.Caparon, and S.J. Hultgren. Enterococcus
faecalis Tropism for the Kidneys in the Urinary Tract of C57BL/6J Mice. Infect Immun.
Vol.73,n0.4,pp. 2461-2468. 2005. doi: 10.1128/1A1.73.4.2461-2468.2005.

[8] B.Lu,H. Zhou,X. Zhang,M. Qu, Y Huang and Q.Wang . Molecular characterization of
Klebsiella pneumoniae isolates from stool specimens of outpatients in sentinel hospitals

Page | 84

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com ISSN: 2312-8135 | Print ISSN: 1992-0652



https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
mailto:info@journalofbabylon.com
https://doi.org/10.3389/fcimb.2017.00039

RDTINIE JOURNAL OF UNIVERSITY OF BABYLON

For Pure and Applied Sciences (JUBPAS)

Vol.31;No.1.| 2023

Ty Sy D T 0 (o ey €|y Ty ey F D T Y (o ey € ey oy ey D T Y e e 6

Beijing, China, 2010-2015. Gut Pathogens. Vol.9,n0.39,pp. 5.2017. DOI
10.1186/s13099-017-0188-7.

[9] K.J.Ryan, C.G.Ray, eds. Sherris Medical Microbiology (4th ed.). McGraw Hill. 2004.ISBN
978-0-8385-8529-0.

[10] H. O.Edoga, D. E. Okwu and B.O. Mbaebie. Phytochemicals constituents of some
Nigerian medicinal plants. Afr. J Biotechnol. Vol.4,no0.7,pp.685-688. 2005. DOI:
10.5897/AJB2005.000-3127.

[11] Z.Mohsenipour, M.Hassanshahian. The Effects of Allium sativum Extracts on Biofilm
Formation and Activities of Six Pathogenic Bacteria. Jundishapur Journal of
Microbiology, vol.8,no. 8.pages 7. 2014.DOI: 10.5812/jjm.18971v2.

[12] G. M Sulaiman. Antimicrobial and cytotoxic activities of methanol extract of Alhagi
maurorum. Afr. J. Microbiol. Res. Vol.7 no.16,pp.1548- 1557. 2013. DOI:
10.5897/AJMR12.1795

[13] N.Ahmad, Z. K.Shinwari, J.Hussain and R.Perveen. Phytochemicals, antimicrobial and
antioxidative investigations of Alhagi maurorum medik. Pak. J. Bot. vol.47,no.1, pp.121-
124, 2015. https://inis.iaea.org/search/search.aspx?orig_gq=RN:46046033 .

[14] G.Funke, D.Monnet, C.Debernardis, A. von Graevenitz, J. Freney .Evaluation of the
Vitek2 system for rapid identification of medically relevant gram-negative rods. J.Clin
Microbiol.vol.36,n0.7,pp.1948-1952.1998 .doi: 10.1128/JCM.36.7. 1948-1952.1998.

[15] S.E.McBirney, K.Trinh, A.Wong-Beringer and A.M. Armani. Wavelength-normalized
spectroscopic analysis of Staphylococcus aureus and Pseudomonas aeruginosa growth
rates. Opt Express. Vol.7,n0.10,pp. 4034-4042. 2016. doi: 10.1364/BOE.7.004034.

[16] J.B.Harborn. Phytochemical methods . Halsted Press. J . ohn wiely & sons , New York .
pp.278. 1973.

[17] A.Mansour. International Medicinal Plants Its components, methods of use and cultivation,
the publisher is a facility Alexandria knowledge.2006.

[18] S.Stepanovi¢, D.Vukovi¢, l.Dakié, B.Savié, M.Svabi¢-Vlahovi¢ . A modified microtiter-
plate test for quantification of staphylococcal biofilm formation. Journal of
Microbiological  Methods.  vol.40,n0.2,pp.175-179.2000.  doi:  10.1016/s0167-
7012(00)00122-6.

[19] L.G.Harris, S.J. Foster and R.G. Richards. An introduction to Staphylococcus aureus, and
techniques foridentifying and quantifying S. aureus adhesins in relation to adhesion to
biomaterials: review. Eur. Cell. Mater.Vol.4,pp.39-60. 2002. doi:
10.22203/ecm.v004a04.

[20] D.Deresse. Antibacterial effect of garlic (Allium sativum) on Staphylococcu aureus: An in
vitro study. Asian J Med Sci. vol.2,n0.2,pp.62-65. 2010. DOI:10.4314/AJB.VV1014

[21] A.Magrys, A.Olender and D.Tchorzewska. Antibacterial properties of Allium sativum L.
against the most emerging multidrug-resistant bacteria and its synergy with antibiotics.
Arch Microbiol. Vol. 203,n0.5,pp.2257-2268. 2021. doi: 10.1007/s00203-021-02248-z

[22] G.Gebreyohannes, M.Gebreyohannes. Medicinal values of garlic: a review. Int J Med Med
Sci. vol.5,n0.9,pp.401-408. 2013. doi: 10.5897/1IMMS2013.0960.

[23] B.Olas, A.l.Hamed, W.Oleszek, A.Stochmal . Comparison of biological activity of
phenolic fraction from roots of Alhagi maurorum with properties of commercial phenolic
extracts and resveratrol.Platelets, vol.26 ,n0.8,pp.788-794. 2015.DOI:
10.3109/09537104.2015.1031650.

Page | 85

ISSN: 2312-8135 | Print ISSN: 1992-0652

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com


https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
mailto:info@journalofbabylon.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205873/

JOURNAL OF UNIVERSITY OF BABYLON
ARTICIE e
For Pure and Applied Sciences (JUBPAS)

Vol.31;No.1.| 2023

ey D T 2 (T e €y Ty S D T e e T

e nh e siinatl v emnid et n il ai i w

[24] N.A.Al-Jaber, A.S.Awaad, J.E.Moses. Review on some antioxidant plants growing in Arab
world.Journal of Saudi Chemical Society, vol.15 ,no.4,pp. 293-307. 2011.
https://doi.org/10.1016/j.jscs.2011.07.004.

[25] J.R.Borchardt, D.L.Wyse, C.C.Sheaffer, K.L.Kauppi, R.G. Fulcher, N.J. Ehlke et al.
Antioxidant and antimicrobial activity of seed from plants of the Mississippi river basin.
Journal  of  Medicinal Plants  Research, vol.2 ,no.4,pp.  81-93.  2008.
https://www.cabdirect.org/cabdirect/abstract/20093333374

Page | 86

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com ISSN: 2312-8135 | Print ISSN: 1992-0652



https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
mailto:info@journalofbabylon.com

