Biofilm Production in Borehole Water Sources and their
Susceptibility to Antibiotics and Antibiofilm effect of Noni Foliar
extracts

Abstract

Background: Bacteria produce biofilm in a variety of systems; water, implant devices in humans and
living tissues. They can be persistent and express virulent factors, increased resistance to antimicrobials
and human immunity. Plant-based extracts have shown promising outcomes in inhibiting quorum sensing
system and modulation of biofilm formation with lesser side effects. Thus, foliar extracts of Noni plant
was the subject of such trial as an antibiofilm/antibacterial agent.

Objective: Investigate borehole water sources from three communities in Port Harcourt Local
Government Area (PHALGA) for biofilm producers (BPs), antibiogram as well as antibiofilm effect of
Noni (Morinda citrifolia) foliar extracts.

Method: Microbiological protocols were adopted to isolate and identify bacteria whereas Congo red agar
was used to detect biofilm producers (BPs). Antibiogram of BPs were done (with various antibiotics) as
well as antibiofilm/antibacterial effect of Noni foliar extracts.

Results: Bioassays detected the biofilm producers (BPs) as Staphylococcus aureus, Klebsiella
pneumoniae, Bacillus and Serratia species. The bioburden were 55.0+2.5CFU/mL and 51.0+0.2CFU/mL
for total heterotrophic bacteria and coliform counts from"Obaziolu and Rumuelechi communities
respectively. Rumuelechi borehole water had the highest percentage relative abundance of S. aureus
(80%) and Bacillus (66.7%) whereas QObaziolu had Serratia (66.7%) and negative/zero for S. aureus and
Qrora had the least of all the isolated BPs. Antibiogram data revealed that all the BPs were 100% resistant
to Cloxacillin and Cotrimoxazole but showed highrate of varying susceptibility to other antimicrobials; S.
aureus depicted (100%) susceptibility to Gentamicin-and Streptomycin; Bacillus to Tetracycline; Serratia
to Augmentin and K. pneumoniae to Gentamicin. All the BPs showed multidrug resistance (MDR) with
Serratia and K. pneumoniae being resistant«to.6 and Bacillus and S. aureus 5-antibiotics respectively.
Furthermore, susceptibility test on these BPs.indicated that inhibitory activity of Noni foliar extracts were
concentration-dependent. At a concentration of 3000mg/mL methanolic extract (MtE) showed the largest
inhibition zone of 20.00mm against B. subtilis and aqueous extract (AgE) 15.00mm on Serratia species
and such phenomenon is indicative of broad spectrum activity. Chloramphenicol (control) had the overall
largest inhibition zones on the BPs except on B. subtilis. The susceptibility of these crude
phytocompounds to BPs promises to be a novel and an alternative natural agent to synthetic antibiofilm
products.

Conclusion: Biofilm producers were detected in borehole water supply in three communities in Port
Harcourt Local Government Area. The predominant BPs were Staphylococcus aureus, Bacillus and
Serratia species. The BPs showed multi-antibiotic resistance with the Gram negative bacteria being
resistant to more drug-types. Crude phytocompounds of Noni foliar extracts demonstrated broad spectrum
activity with promising prospects as likely therapeutic option against biofilm-based infections.
Additionally, the degree of multidrug resistance (MDR) depicted by these BPs to conventional
antimicrobials is worrisome and demands regular monitoring, environmental sanitation and good hygienic
measures to mitigate public health hazards.
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1. INTRODUCTION

Water is an essential and indispensable commodity to all life-forms. Boreholes which is a ground
water or an artificial source of water supply is one of the most commonly used in rural/urban
communities and cities in Nigeria. Though, equitable access to safe and affordable potable water
in a sustainable manner, has been the policy thrust of governments and international
organisations but the challenges still persist globally. Boreholes allow constant supply and access
to clean water and must be protected from deterioration and contamination. Reduction in water
quality can be attributed to contamination by sewage and other anthropogenic activities at
different points of water supply system which may transmit water-borne diseases [1,2,3].
Diarrhoea is one of the most common diseases associated with.poor water quality, sanitation and
hygiene resulting in high mortality among infants below the age of five. The potential risk for
public health in water systems is the transfer of antibiotic resistant bacteria (ARB) and antibiotic
resistant genes (ARG) from environment to humans [4,5,6]. Bacteria produce biofilm on
submerged water surfaces such as_natural aquatic systems, water pipes, living tissues, tooth
surfaces, indwelling medical devices and implants [7,8]. Biofilm is a group of bacterial cells
imbedded in a matrix or complex bacterial community that has expression of virulence factors,
increased tolerance to antimicrobials and human immunity [9-12]. A biofilm can persist up to 10

years in a food processing facility despite regular cleaning and sanitation [13].

Out of an estimated 16million deaths recorded annually, 65-80% of these cases are linked to
bacterial communities that proliferate by forming biofilms [14-17]. Biofilm-linked persistent
infections are difficult to treat due to resident MDR microbes as well as the numerous and
complex survival strategies utilized [18-22]. The communication of individual cells for the

formation of biofilms is fundamental; therefore, blocking this quorum sensing (QS) process is an



important goal for the control of biofilm infections and represents a new method of combating
antimicrobial resistance [23,24]. Several investigators, have identified the disruption of biofilms
by inhibiting the QS system using many natural and synthetic molecules with potential
therapeutic approaches [11,25,26,27]. Following the prominent impacts of biofilms implicated in
infectious disease and spread of MDR as well as healthcare cost, it is pertinent to discover new
antibacterial agents that can regulate biofilm formation and development. Evidence-based
researches have demonstrated that natural products from plants had antimicrobial and chemo-
preventive properties with lesser side effects in modulation of biofilm formation and QS

inhibition activities [28,29].

A variety of phytocompounds (such as polyphenols, tannins; alkaloids, saponins, etc) have been
earlier reported [28,30] to inhibit the QS mechanism of BPs in diverse ways; by blocking the QS
autoinducers, inhibition of QS signalling. “‘molecules, proteolysis of transcription factors
associated with QS [31,32,33]. Others are Quorum quenchers, inhibition of bacterial adhesion
and suppression of genes, interfering with accessibility to nutrients essential for adhesion and
bacterial growth, anti-adhesive- properties and decreasing the content of biofilm
exopolysaccharides [34-38]. As such natural products had continued to be a prolific source of
agents against biofilm producing/biofilm-based pathogens [39,40]. Phytochemical extracts of
Noni foliage have been reported to demonstrate strong antimicrobial activity [41,42] but there is
paucity of information regarding antibiofilm effect and was therefore, used as the treatment agent
against BPs in this study. Based on these accumulated reasons, Noni foliar extracts (NFEs) was
used on BPs isolated from borehole water supply after subjecting them to antibiotic treatments.

Furthermore, the data generated from this research demonstrates fundamental evidence that



NFEs have the potential to be explored as preventive agent or therapeutics against biofilm-based

infections.

2. MATERIALS AND METHODS

2.1 Description and sample collection sites

Drinking water samples were collected from borehole taps from three different communities, viz;
Obaziolu, Rumuelechi and Qrora respectively, in Nkpolu-Orowurokwo, Port Harcourt, Rivers
State, Nigeria. These communities are the business hub of Port Harcourt. The borehole tap water
samples were allowed to run/flow for 5Sminutes and sterile plastic bottle was used for collection.
A total of nine (9) water samples were collected from three different locations/sites of the
communities at an interval of three days. Noni foliage samples were collected from Dilomat farm
in Rivers State University (RSU). Fresh Noni.(M. citrifolia) foliage/leaves were obtained from
the Dilomat farm in Rivers state University. They were identified in Plant Science Biotechnology
Department by a Plant Taxonomist, Dr. (Mrs) M.G. Ajuru, Rivers state University, Port

Harcourt. Both samples were takento the Department of Microbiology, RSU for analyses.

2.2 Bacteriological analysis

Total heterotrophic bacterial count was determined by direct inoculation of 0.1ml of 100ml of
each water sample into solidified nutrient agar and spread plated in duplicates. Eosin methylene
blue and MacConkey were used for enumeration of the Escherichia coli and coliforms.
Centrimide agar and Salmonella Shigella agar were used to enumerate the growth of
Pseudomonas and Salmonella and Shigella species respectively. The plates were incubated in
duplicates at 37°C for 24hours, except Eosin methylene blue plates which was incubated at 45°C

for 48hours for faecal coliforms. Discrete colonies of bacteria were isolated and subcultured. The
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purified cultures were stored in the refrigerator at 401. Identification of these isolates followed

cultural, morphology and biochemical and sugar fermentation tests [43,44].

2.3 Screening for biofilm production
Bacterial isolates were screened for biofilm production by inoculating them onto Congo red agar
(CRA) and incubated at 37°C for 24 hours. The formation of black crystalline colonies indicates

a positive test for biofilm production.

2.4 Assessment of antibiotic susceptibility

Antibiotic susceptibility tests carried out according to Kirby-Bauer’ disc diffusion (DD) method.
Each overnight bacterial isolate at 371 for 18h was mixed-with physiological saline to make a
suspension comparable to the 0.5 McFarland turbidity. standard which represents [ x10°
CFU/mL. The suspended isolates were spread asceptically using a swab on Mueller-Hinton agar
(MHA) and antibiotic multidiscs were placedon the surface of the culture plate. The resistance
of bacterial isolates to particular antibiotics was reported based on the inhibition zones [45].

The antibiotics used are shown-in‘Table 1.

Table 1. Antibiotics used against bacterial isolates and quantity

Antibiotics Quantity
Cloxacillin (CXC) 30 pg
Gentamicin (GEN) 10 ug
Amoxycillin + Clavulanic acid (AUG) 30 pg
Erythromycin (E) 30 pug
Tetracycline (TET) 25 ug
Streptomycin (STR) 30 pg



Ofloxacin (OFL) Sug
Chloramphenicol (CH) 20 ug

Cotrimoxazole (COT) 25 ug

2.5 Determination of phytochemical components of Noni foliar extract

Noni foliar leaves were shade-dried for 25days and pulverised with sterile mechanical blender.
Fifty gramme of the powder was soaked in 500ml of distilled water for 24hours and filtered with
Whatman No.1 filter paper. The filtrate was then evaporated using a hot oven at 50°C the
resulting filtrate was the aqueous extract (AqE). Similarly, the same quantity of pulverised
foliage was soaked in 200ml of 80% methanol for 48 hours, then filtered and evaporated at 50°C
and the resultant substance was methanolic extract (MtE). After evaporation 20ml of Dimethyl
sulphoxide (DMSO) was used as diluent for various extracts. Standard methods for
phytochemical determination of alkaloids, flavonoids, saponins and tannins were employed

[30.46,47].

2.6 Statistical analysis
Data generated from this study were analysed using the Statistical Package for Social Sciences

(SPSS vs 22).



3. RESULTS

A total number of 21 isolates were obtained from the sampled borehole water sources, out of
which 19 of them were biofilm producers (BPs) and two non-identified BPs. The bacterial
species identified were; Staphylococcus aureus, Bacillus cereus, B. subtilis, Klebsiella
peumoniae and Serratia species and belonged to four genera.:~The bacterial load at the different
communities are presented in Table 2. Qro-gbaziolu (Qbaziolu) had the highest heterotrophic
bacterial counts followed by Rumuelechi and Qro-ora (Qrora) least. Rumuelechi had very high
coliform counts compared to the rest of the.communities. Qbaziolu community had higher faecal
counts than those of the other communities (2.0£0.7 CFU/mL) respectively. All the communities
were negative for total Salmonela-Shigella and Pseudomonas counts from the sampled borehole

water sources.

Table 2. Bacterial load (CFU/ml) of borehole drinking water sources from the 3-
communities in Nkpolu-Oroworukwo

Location THBC TCC TSSC TFCC TPC
Obaziolu 55.0+2.5 4.0+2.1 - 3.0+0.8 -
Rumuelechi  27.0+£9.9 51.0+0.2 - 2.0+0.7 -
Orora 11.0+13.4 3.0+0.8 - 2.0+0.7 -




Legend: THBC- Total heterotrophic bacterial count, TCC- Total coliform count, TSSC- Total
Salmonella Shigella count, TFCC- Total faecal coliform count, TPC- Total Pseudomonas count.



The percentage relative abundance of BPs of the borehole water sampled from the 3-
communities are displayed in Figure 1. Rumuelechi borehole water samples harboured all the
BPs at relatively higher percentage than those of other communities. Qrora samples were
negative for Klebsiella and Serratia species whilst Qbaziolu’s were negative for Staphylococcus
aureus. Rumuelechi had the highest percentage relative abundance of biofilm producing species
of S. aureus and Bacillus whereas Qbaziolu had the highest of Serratia BPs. Both Rumuelechi
and Obaziolu are at par in terms of biofilm producing species of Klebsiella which was absent
from borehole water sampled from Qrora community. The observance of an appreciably high
percentage relative abundance of BPs (a virulent factor) was not quite surprising because of
overcrowding/high population density and poor environmental sanitation and hygiene practices.
The results further confirms that the four genera isolated from boreholes generally has a strong

ability to form biofilm in vitro which may cause harm to public health security.
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Figure 1. Percentage relative abundance of biofilm producers in borehole
water sampled in three communities in Nkpolu-Oroworukwo, PHALGA.



The antibacterial resistance and susceptibility data of the 7 bacterial isolates to nine
antimicrobial agents are shown in Table 3. These 7 bacterial isolates were selected based on
very strong biofilm production ability. These isolates showed the highest resistance rate to
Cloxacillin followed by Cotrimoxazole, Streptomycin, Ofloxacin, Chloramphenicol and
Tetracycline. S. aureus depicted highest susceptibility (100%) to Gentamicin and Streptomycin;
Bacillus to Tetracycline; Serratia to Augmentin and K. pneumoniae to Gentamicin. Only S. aureus
and K. pneumoniae were susceptible to Gentamicin. All the bacterial species showed multidrug
resistance (MDR) with Serratia and K. pneumoniae being resistant (100%) to 6-antibiotics and
Bacillus and S. aureus 5-antibiotics respectively.

Table 3. Antibacterial Resistance and Susceptibility Profiles of 7 of the bacterial isolates

to 9 antimicrobials

Antibiotic class  Antimicrobial *Staphylococcus *Bacillus *Serratia "K. pneumoniae

Resistance n(%)

B —lactams CXC 2(100) 2(100)  2(100) 1(100)

AUG 2(100) 1(50.0) 0(0.00)  1(100)
Macrolides ERY 0(0.00) 2(100) 2(100) 1(100)
Aminoglycosides GN 0(0.00) 1(50.0) 2(100)  0(0.00)

STR 0(0.00) 2(100)  2(100)  1(50.0)
Fluoroquinolones OFL 2(100) 0(0.00) 2(100) 1(50.0)
Tetracyclines TET 2(100) 0(0.00)  1(50.0) 1(100)
Chloramphenicol CH 0(0.00) 2(100)  2(100) 1(100)
Sulphonamides CoT 2(100) 2(100)  1(50.0) 1(100)
Susceptibility (100%0)

GEN 2(100) 1(100)

AUG 2(100)

STR 2(100)

TET 2(100)

Legend: CXC = Cloxacillin; ERY = Erythromycin; GN = Gentamycin; AUG = Amoxicillin —
Clavulanic acid; OFL = Ofloxacin; STR = Streptomycin; TET = Tetracycline; CH =
Chloramphenicol; COT = Cotrimoxazole. * = Gram-positive bacteria; » = Gram-negative bacteria.
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The phytochemical constituents of M. citrifolia foliar extracts are displayed in Table 4.
Flavonoid had the highest composition (mg/g) followed by saponin and the least was tannin.
Virtually all these phytocompounds have been reported to possess antibacterial agents [30,47]

which undoubtedly contributed to their inhibitory/antibiofilm activity (Figure 2).

Table 4. Phytocompounds of Morinda citrifolia (Noni) foliar extract in (mg/g)

Parameter Quantity (mg/g)
Flavonoid 17.75
Saponin 5.71
Alkaloid 2.74
Tannin 0.40

The inhibitory zones of BPs with different‘concentrations of Noni extract are presented in
Figure 2. Generally, the activity of the extracts were concentration-dependent. The largest
zone of inhibition from this study-occurred with the highest concentration. At 3000mg/mL of
aqueous extract (AgE) the largest inhibition zones (15.00mm) was observed on Serratia sp
and the least was on S. aureus (12.5mm). At the same concentration methanolic extract (MtE)
showed the largest inhibition zones of 20.00mm against B. subtilis, followed by S. aureus and

K. pneumoniae and the least was Serratia sp (10.00mm).

Chloramphenicol (control) had the largest inhibition zones on B. cereus (21.00mm) and least
on K. pneumoniae (15.00mm). However, MtE of Noni had much beneficial effect on B.
subtilis in terms of inhibition activity almost comparable with the control and portends a

bright future as an antibiofilm for mitigating the health risks posed by BPs. The ability of
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these extracts to inhibit the growth of Gram positive and Gram negative bacteria is indicative

of their broad-spectrum activity.
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Figure 2. Inhibitory zones of.test bacteria with different concentrations of

Noni foliar extracts.

12



4. DISCUSSION

The heterotrophic bacterial and faecal coliform counts as well as biofilm forming Serratia
were highest from borehole water sampled from Obaziolu community. Those from
Rumuelechi community had a higher percentage relative abundance of bacteria that forms
biofilm than from other communities. Bacterial types isolated from these communities are
similar to those reported in Khana LGA, Rivers State except for Klebsiella pneumoniae and
Serratia species [48]. Undoubtedly, these communities are part of Diobu, a densely populated
area in Port Harcourt LGA with poor environmental sanitation and hygienic practices.
Similar observations of relative abundance of S. aureus, Bacillus and Klebsiella pneumoniae
as well as Serratia species had been reported in boreholes [5,48]. The absence of Escherichia
coli a major faecal coliform may be due to the fact that the locations of the boreholes were far
from sewage, refuse dump, depth of boreholes, confined in premises and commercialisation,
such that the tank does not retain the water.for a long time which is in aberration with the
high E. coli counts earlier reported in rural communities in Rivers State [48]. These bacteria
may be potential opportunistic pathogens of several pathologic conditions in humans and

animals.

Out of the 21-bacterial isolates, 19 were biofilm producers/formers (BPs) belonging to four
genera Staphylococcus, Bacillus, Serratia and Klebsiella. Morphologically the isolates
indicated higher percentage relative abundance of Gram-positive bacteria than the Gram-
negative bacteria. The predominance of BPs in these communities much so with the GPB
may not be unconnected with the submerged water pipes, poor sanitation, tank cleaning
frequency, water retention time in storage tanks and other user practices as well as the
persistence of BPs and their survival strategies [1,7,8,13]. Seven strong BPs were tested
against 9 different standard antibiotics of various groups. The results depicted high resistance

(100%) to Cloxacillin, Augmentin, Tetracycline, Ofloxacin and Cotrimoxazole for
13



Staphylococcus aureus but susceptible to Streptomycin and Gentamicin whereas Bacillus
species showed (100%) resistance to Erythromycin, Streptomycin and Chloramphenicol but
(100%) susceptible to Tetracycline. Serratia species showed (100%) resistance to Cloxacillin,
Erythromycin, Gentamicin, Streptomycin, Chloramphenicol and Ofloxacin but 100%
susceptible to Augmentin whereas K. pneumoniae was 100% resistant to 5-antibiotics in
addition to Erythromycin but 100% susceptible to Gentamicin. Similar findings of MDR
phenotype of S. aureus and K. pneumoniae had been reported from raw milk products and in
boreholes respectively [5,49]. The Gram negative bacteria; K. pneumoniae and Serratia
species from this study showed higher drug resistance (100%) to more antibiotics than the
Gram positive bacteria (Staphylococcus aureus and Bacillus species). Such high level
resistance to macrolides were adduced to slow permeability.to the cell wall and elimination
by constitutively expressed efflux pumps [5,50,51]. The macrolides (e.g., erythromycin)
prevent protein synthesis by binding to the tRNA binding site on the 50S subunit and causing

the tRNA molecules to dissociate from theribosomes.

The resistance of GPB is often due to'mutation or modification (methylation) of the 23S
ribosomal RNA subunit, with efflux involvement [52]. The resistance between the GPB to
different antibiotics such as p-lactams, fluoroquinolone and sulphonamide for S. aureus and
macrolide, aminoglycoside and chloramphenicol for Bacillus species may be attributed to
variation in cell-wall-structural compositions (e.g., the former is a nonspore former and the
latter forms spore). Several investigators have found a link between biofilm production and
the emergence of antibiotic resistance and that biofilm may contribute to consistency of
infection in the environment [53,54]. Due to the public health impact of biofilm producers,
increased persistence in infectious disease and spread of MDR, it is needful to discover new
antibacterial agents to inhibit biofilm formation and development. This increasing awareness

of antibiotic resistance by BPs, against commonly used antimicrobials necessitated the
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application of natural agent from plant sources. Many workers have reported that alkaloids,
flavonoids, tannins and saponins possess potent antimicrobial activity [28,30,47] and Noni
foliar extract happens to be one of such. These phytocompounds may account for the
inhibitory activity of Noni foliar extracts on test BPs. The best activity was obtained with
methanolic extract on Bacillus subtilis (20.00mm) at 3.0 g/mL concentration which was
relatively comparable to (21.00mm) of chloramphenicol at 1.0 g/mL on B. cereus. Inhibitory
differences of plant extracts on GPB and GNB has been reported with more effect on GPB.
Such phenomenon was attributed to cell wall differences [47] which was in consonance with
our findings, although other antibiofilm mechanisms were not considered or studied. Such
potency validates the exploration of this extract as valuable alternative to synthetic antibiotics

which are currently becoming less effective on a variety of-infectious microorganisms.

5. CONCLUSIONS

This study revealed the presence of ‘biofilm producers in borehole water supply in three
communities in Port Harcourt Local-Government Area. It also indicated the predominance of
Staphylococcus aureus, Bacillus and Serratia species. The isolated BPs showed multi-
antibiotic resistance with the GNB being resistant to more drugs. Trials with Noni foliar
extracts exhibited concentration-dependent and broad spectrum activity with promising

prospects as likely therapeutic option against biofilm-based infections.

15



REFERENCES

1.

10.
of

11,

12.

meat

14.

Manga M, Ngobi TG, Okeny L, Acheng P, Namakula H, Kyaterekera E, Nansubuga I,
Kibwami N. The effect of household storage tanks/vessels and user practices on the
quality of water: a systematic review of literature. Environ Syst Res., 2021;10:18.

Fleming L, Anthonj C, Thakkar MB, Tikoisuva WM, Manga M, Howard G, Shields
KF, Kelly E, Overmars M, Bartram J. Urban and rural sanitation in the Solomon
Islands: how resilient are these to extreme weather events? Sci Total Environ., 2019;
683:331-340.

Al-Bahry SN, Elshafie AE, Victor R, Mahmoud IY, Al Hinai JA. Opportunistic
pathogens relative to physicochemical factors in water storage tank. J Water Health
Issue. 2011; 9:382-393.

Adekanmbi AO, Akinpelu MO, Olapoai AV, Oyelade AA. Extended spectrum beta-
lactamase encoding gene fingerprints in multidrug resistant Escherichia coli isolated
from wastewater and sludge of a hospital treatment plant in Nigeria. Int’l J
Environmental Studies, 2020;1-11.

Tangwa BV, Keubou H, Nfor EN, Ngakou A. Antimicrobial Resistance Profile of
Bacteria Isolated from Boreholes and Hand Dug Wells Water in Ngaoundere
Municipality of Adamawa Region in Cameroon: Advances in Microbiology, 2019; 9,
629-645.

Pan M, Chu LM. Occurrence of Antibiotics'and Antibiotic Resistance Genes in

Soils from Wastewater Irrigation Areas-in.the Pearl River Delta Region, Southern
China. Science of the Total Environment, 2018; 624, 145-152.

Chen M, Yu Q, Sun H. Novel Strategies for the Prevention and Treatment of Biofilm
Related Infections. Int. J. Mol. Sci., 2013;14:18488-18501.

Donlan RM, Costerton JW. Biofilms: Survival mechanism of clinically relevant
Microorganisms. Clin Microbiol Rev., 2002; 15(2):167-193

Flemming HC, Wingender J, Szewzyk U, Steinberg P, Rice SA, Kjelleberg S.
Biofilms: An emergent form of bacterial life. Nat. Rev. Microbiol., 2016;14, 563-575.
Rajkumari J, Borkotoky S, Murali A, Suchiang K, Mohanty SK, Busi S. Attenuation

quorum sensing controlled virulence factors and biofilm formation in Pseudomonas
aeruginosa by pentacyclic triterpenes, betulin and betulinic acid. Microb. Pathog.,
2018;118, 48-60.

Li C, Jiang C, Jing H, Jiang C, Wang H, Du X, Lou Z. Separation of phenolics from
peony flowers and their inhibitory activities and action mechanism on bacterial
biofilm. Appl. Microbiol. Biotechnol., 2020;104, 4321-4332.

Chaverra Daza K, Silva Gomez E, Moreno Murillo BD, Mayorga Wandurraga H.
Natural and Enantiopure Alkylglycerols as Antibiofilms Against Clinical Bacterial
Isolates and Quorum Sensing Inhibitors of Chromobacterium violaceum ATCC
12472. Antibiotics. 2021; 10, 430.

Bhardwaj DK, Taneja NK, Shivaprasad D, Chakotiya A, Patel P, Taneja P, Sachdev

Gupta S, Sanai MG. Phenotypic and genotypic characterization of biofilm forming,
antimicrobial resistant, pathogenic Escherichia coli isolated from Indian dairy and

products. Int. J. Food Microbiol., 2021;336, 108899.
Dongari-Bagizoglou A. Pathogenesis of mucosal biofilm infections: Challenges and
16



Progress. Expert Rev. Anti Infect. Ther., 2008; 6(2):201-208.

15. Srey S, Jahid IK, Ha SD. Biofilm formation in food industries: A food safety

concern”.

Food Control. 2013; 31, 572-585.

16. Fong J, Yuan M, Jakobsen TH, Mortensen KT, Delos Santos MM, Chua SL, Yang L,
Tan CH, Nielsen TE, Givskov M. Disulfide bond-containing ajoene analogs as novel
quorum sensing inhibitors of Pseudomonas aeruginosa. J. Med. Chem., 2017,
60:215-227.

17. Xu XJ, Zeng T, Huang ZX, Xu XF, Lin J, Chen WM. Synthesis and biological
evaluation of cajaninstilbene acid and amorfrutins A and B as inhibitors of the
Pseudomonas aeruginosa quorum sensing system. J. Nat. Prod., 2018;81, 2621-2629.

18. Stewart PS, Costerton JW. Antibiotic resistance of bacteria in biofilms. Lancet,
2001;358(9276):135-138.

19. Fux CA, Costerton JW, Stewart PS, Stoodley P. Survival strategies of infectious
biofilms. Trends Microbiol., 2005;13, 34-40.

20. Bjarnsholt T, Whiteley M, Rumbaugh KP, Stewart PS, Jensen PO, Frimodt-Moller N.
The importance of understanding the infectious microenvironment. Lancet Infect.

Dis.,

2021;22, e88-e92.

21. Ejaz H, Junid K, Yasmeen H, Naseer A, Alam H, Younas S, Qamar MU, Abdalla AE,
Abosalif KOA, Ahmad N, Bukhari SNA. Multiple Antimicrobial Resistance and

Heavy
Metal Tolerance of  Biofilm-Producing Bacteria Isolated from Dairy and Non-Dairy
Food Products. Foods, 2022; 11: 2728.

22. Thaarup IC, lversen AKS, Lichenberg M,  Bjarusholt T, Jakobsen TH. Biofilm
Survival Strategies in Chronic Wounds. Microorganisms, 2022;10, 775.

23.  Abraham WR. Going beyond the control of quorum-sensing to combat biofilm
Infections. Antibiotics, 2016;5,3.

24, Parasuraman P, Devadatha.B; Sarma VV, Ranganathan S, Ampasla DR, Siddhardha

Anti-quorum sensing and.antibiofilm activities of Blastobotrys parvus PPR3 against
Pseudomonas aeruginosaPAOL. Microb. Pathog., 2020;138, 103811.

25. Donia M, Hamann MT. Marine natural products and their potential applications as
anti infective agent”. Lancet Infect Dis., 2003; 3(6):338-348.

26.  Sipkema D, Franssen MCR, Osinga R, Trampr J, Wijffels RH. Marine sponges as
pharmacy. Mar. Biotechnol., 2005;7(3):42-162.

27. Chang A, Sun S, Li L, Di X, Li H, He Q, Zhu H. Tyrosol from marine fungi, a novel
quorum sensing inhibitor against Chromobacterium violaceum and Pseudomonas
aeruginosa. Bioorg. Chem., 2019; 91, 103140.

28. Song N, Zia Y, He Z, Zhang H. A Review of Natural Products with Antibiofilm
Activity. Current Organic Chemistry, 2018;22(8): 788-816.

29.  Carroll AR, Copp BR, Davis RA, Keyzers RA, Prinsep MR. Marine natural products.
Nat. Prod. Rep., 2020;37: 175-223.

30. Mishra R, Panda AK, De Mandle S, Shakeel M, Bisht SS, Khan J. Natural Anti-

biofilm
Agents: Strategies to Control Biofilm-Forming Pathogens. Front. Microbiol.
2020;11:566325. doi: 10.3389/fmich.2020.566325

31. Ciric AD, Petrovic JD, Glamoclija JM, Smiljkovic MS, Nikolic MM, Stojkovic DS, et
al. Natural products as biofilm formation antagonists and regulators of quorum

sensing

17



functions: a comprehensive review update and future trends. South Afr J Bot,,

2019;120,

65-80. doi: 10.1016/j.5ajb.2018.09.010.

32. Harjai K, Kumar R, Singh S. Garlic blocks quorum sensing and attenuates the

virulence
of Pseudomonas aeruginosa. FEMS Immunol. Med. Microbiol. 2010;58, 161-168.

doi:
10.1111/5.1574-695X.2009. 00614.x.

33. Ding X, Yin B, Qian L, Zeng Z, Li H, et al. Screening for novel quorum-sensing
inhibitors to interfere with the formation of Pseudomonas aeruginosa biofilm. J. Med.
Microbiol. (2011); 60, 1827-1834. doi: 10.1099/jmm.0.024166-0.

34. Razak FA and Rahim ZH. The anti-adherence effect of Piper beetle and Psidium
guajava extracts on the adhesion of early settlers in dental plaque to saliva-coated
glass
surfaces. J. Oral Sci. 2003;45, 201-206. doi: 10.2334/josnusd.45.201

35. Sandasi M, Leonard CM, Viljoen AM. The in-vitro antibiofilm activity of selected
culinary herbs and medicinal plants against Listeria monocytogenes. Lett. Appl.
Microbiol. 2010;50, 30-35. doi: 10.1111/].1472-765X.2009.02747 XLAM2747.

36. Majik MS, Naik D, Bhat C, Tilve S, Tilvi S, D’Souza L. Synthesis of (R)-

norbgugaine

and its potential as quorum sensing inhibitor_against Pseudomonas aeruginosa.

Bioorg.

Med. Chem. Lett. 2013;23, 2353-2356. https://doi: 10.1016/j.bmcl.2013.02.051.

37. Adnan M, Patel M, Deshpande S, Alreshidi-M, Siddiqui AJ, Reddy MN, et al. Effect
of Adiantum philippense extract on biofilm-formation, adhesion with its antibacterial
activities against foodborne pathogens, and characterization of bioactive metabolites:
an in vitro in silico approach. Frant.-Microbiol., 2020; 11:823. doi:
10.3389/fmich.2020.00823.

38. Paluch E, Rewak-Soroczynka J, Je Drusik L, Mazurkiewicz E, Jermakow K.
Prevention of biofilm formation by quorum quenching. Appl. Microbiol. Biotechnol.
2020;104, 1871-1881. doi: 10.1007/s00253-020-10349-w.

39. Paguigan ND, Rivera JC, Stempin JJ, Augustinovi’c M, Noras Al, Raja HA, Todd

DA,

Triplett KD, Day C, Figueroa M. et al. Prenylated diresorcinols inhibit bacterial
quorum
sensing. J. Nat. Prod., 2019;82, 550-558.

40. Newman DJ, Cragg GM. Natural products as sources of new drugs over the nearly
four decades from 01/1981 to 09/2019. J. Nat. Prod., 2020; 83:770-803.

41. Wang MY, West BJ, Jensen CJ, Nowicki D, Chen SU, Palu A, Anderson G. Morinda
citrifolia (Noni): A literature review and recent advances in Noni research. Acta
Pharmacol Sin, 2002;23 (12): 1127 -1141.

42.  Almeida ES, Olivera D, Hotza D. Properties and Applications of Morinda citrifolia
(Noni): A Review. Comprehensive Reviews in Food Science and Food Safety. 201918:
883-9009.

43.  Cheesbrough M. District laboratory practice in tropical countries, part 2. Cambridge
University Press, Cambridge. 2005;159 — 162.

44, Forbes BA, Sahm DE, Weissfeld AS. Bailey and Scott’s Diagnostic Microbiology.

International edition. 12th edn. Mosby, Inc., an affiliate of Elsevier, Inc., USA. 2007.

45.  Clinical and Laboratory Standards Institute (CLSI). Performance Standards for

Antimicrobial Susceptibility Testing, 32nd ed.; Clinical and Laboratory Standard
18



Institute (CLSI): Wayne, PA, USA, Volume CLSI supplement M100. (2022).

46. Harborne J. Phytochemical methods. Chapman and Hall, Ltd, London. 1973.

47.  Singariya P, Mourya KK, Kumar P. Identification of Antibacterial Efficacy of
Flavonoids of Anaegissus rotundifolia Against Some Pathogens. International Journal
of Pharmaceutical & Biological Archives 2018; 9(1):142-152.

48. Azuonwu O, Chikanka AT, Loveth NW. Evaluation of Bacteriological Quality of
Surface, Well, Borehole and River water in Khana Local Government Area of Rivers
State, Niger Delta. Annals Clin Lab Res. 2017;5(3): 183.

49, Wang H, Shen J, Zhu C, Ma K, Fang M, Li B, Wang W, Xue T. Antibiotics

Resistance
and Virulence of Staphylococcus aureus Isolates Isolated from Raw Milk from
Handmade Dairy Retail Stores in Hefei City, China. Foods, 2022;11, 2185.

50. Kobayashi N, Nishino K, Yamaguchi A. Novel macrolide-specific ABC-type efflux
transporter in Escherichia coli. J. Bacteriol. (2001); 183:5639-5644.

51. McDermott PF, Walker RD, White DG. Antimicrobials: Modes of Action and
Mechanisms of Resistance. International Journal of Toxicology, 2003;22:135-143.

52.  Zhong P, Shortridge VD. The role of efflux in macrolide resistance. Drug Resist.
Update 2000;3:325-329.

53.  Senobar Tahaei SA, Stajer A, Barrak I, Ostorhazi E, Szab6 D, Gajdaes M. Correlation

Between Biofilm-Formation and the Antibiotic Resistant Phenotype in

Staphylococcus

aureus lIsolates: A Laboratory-Based Study.‘in Hungary and a Review of the

Literature.

54.

from

Infect. Drug Resist. 2021;14, 1155-1168.
Pavlickova S, Klanenik A, DolezalovaM, Mozina SS, Holko I. Antibiotic resistance,
virulence factors and biofilm formation. ability in Escherichia coli strains isolated

chicken meat and wildlife in the Czech Republic. J. Environ. Sci. Health B, 2017;52,
570-576.

19



