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up to 10—1 000 fold higher than that of planktonic bacteria. Bacterial biofilms are reported to be
responsible for more than 80% of human microbial infection, posing great challenges to the healthcare
sector. Many studies have reported that plant extracts and their active ingredients can inhibit the
formation and development of bacterial biofilms, including reducing biofilm biomass and the number of
viable bacteria in biofilms, as well as eradicating mature biofilms. This review summarized the plant
extracts and their active ingredients that are inhibitory to bacterial biofilms, and analyzed the
underpinning mechanisms. This review may serve as a reference for the development of plant drugs to

prevent and treat biofilm infections.

Keywords: bacterial biofilm; plant extracts; quorum sensing; mechanism
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Table 1

Summary of the plant extracts inhibitory to biofilms

Plant

Types of bacterial biofilm

Methods

The period of action References

on the biofilm

Trachyspermum ammi (seeds) Streptococcus mutans

Quercus cerris (leaves, stems  Staphylococcus aureus

and fruits)
Arctium lappa L.

Euphorbia hirta L.

Vitis vinifera
Eucalyptus globulus,
Eucalyptus urograndis
(essential oil)

Ginkgo biloba

Rosa rugosa (tea)

Sclerocarya birrea
(stem bark)

Streblus asper (leaf)

Sanguisorba officinalis L.
Azadirachta indica A. Juss

(leaf)

Cinnamon bark oil

Syzygium aromaticum
Cinnamomum zeylanicum
Vaccinium macrocarpon
(oligosaccharides)
Hibiscus sabdariffa L.
Punica granatum L. (leaf)
Rhus coriaria L. (leaf)
Coriandrum sativum
(Essential oil)

Pimpinella anisum
(Essential oil)
Andrographis paniculata

Escherichia coli

Pseudomonas aeruginosa
Enterococcus faecalis
Streptococcus mutans

Streptococcus mutans
Escherichia coli
Staphylococcus aureus
Pseudomonas aeruginosa
Escherichia coli
Pseudomonas aeruginosa

Oral pathogenic bacteria

Staphylococcus aureus

Staphylococcus aureus
Pseudomonas aeruginosa
Escherichia coli
Staphylococcus aureus
Escherichia coli

Oral pathogenic bacteria
Staphylococcus aureus
Pseudomonas aeruginosa

Escherichia coli

Staphylococcus aureus

Pseudomonas aeruginosa

SEM, transcriptional analysis
CV, CLSM

SEM, CC

p-iodonitrotetrazolium violet dyeing

CLSM

Safranine dyeing

CV, CLSM, swimming and
swarming motility, transcriptional
analysis

CV, CLSM, swimming and
swarming motility

CV, CC, OM, swimming and
swarming motility, determination
of virulence factors

CV, quantification of viable biofilm
bacteria with real-time PCR

CV, CLSM, transcriptional analysis
CV, AFM

CV, CLSM, SEM, determination of
virulence factors, swimming and
swarming motility, transcriptional
analysis

CV, transcriptional analysis

Ccv

Ccv

Safranine dyeing

CV, XTT, OM

CV, CLSM, determination of
virulence factors, transcriptional
analysis

Biofilm formation

Biofilm formation
Biofilm formation
Biofilm formation
Biofilm maturation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation

Biofilm formation
Biofilm maturation

Biofilm formation

[14]
[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]
[25]

[26]

(27]

[28]

[29]
[30]

[32]
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LR 1)
Plant Types of bacterial biofilm Methods The period of action References
on the biofilm
Moringa oleifera Staphylococcus aureus CV, CLSM Biofilm formation  [33]
Rosmarinus officinalis L. Staphylococcus CV, FLM, resazurin dyeing Biofilm formation  [34]
(Essential oil) epidermidis Biofilm maturation
Rosmarinus officinalis Staphylococcus aureus MTT, SEM Biofilm maturation [35]
Tetradenia riparia
Juglans regia L. (leaf) Pseudomonas aeruginosa CV Biofilm formation  [36]
Pogostemon heyneanus Staphylococcus aureus CV, CC, OM, CLSM, SEM, Biofilm formation  [37]
(Essential oil) determination of extracellular Biofilm maturation
Cinnamomum tamala polysaccharide
(Essential oil)
Tea tree oil Staphylococcus aureus CV, CLSM, transcriptional analysis Biofilm maturation [38]
Bruguiera cylindrica Escherichia coli Determination of extracellular Biofilm formation  [39]
Laguncularia racemosa polysaccharide and protein Biofilm maturation
Citrus (peel and pulp) Escherichia coli CV,MTT Biofilm formation [13]
Pseudomonas aeruginosa
Staphylococcus aureus
Black pomegranate (peel) Pseudomonas aeruginosa CV Biofilm formation  [40]
Hypericum perforatum Pseudomonas aeruginosa CV Biofilm formation  [41]
Green tea Pseudomonas aeruginosa CV, XTT, OM, SEM, CLSM, Biofilm formation  [42]
determination of extracellular
polysaccharide, determination of
virulence factors
Rice straw Staphylococcus aureus CV, CC, AFM, CLSM, resazurin Biofilm maturation [12]
dyeing
Cinnamomum zeylanicum Single or double species  CV, SEM Biofilm formation  [43]
(Essential oil) biofilm system
Origanum majorana
(Essential oil)
Thymus vulgaris (Essential
oil)
Peppermint (Essential oil) Staphylococcus aureus CV, CC, ESEM Biofilm formation  [44]
Clove (Essential oil) Escherichia coli CC, CV, CLSM, SEM, resazurin Biofilm maturation [45]
dyeing, determination of
extracellular polysaccharide
Cardamom (Essential oil) Staphylococcus aureus CC, CV, CLSM, SEM, resazurin Biofilm maturation [46]
dyeing, transcriptional analysis
Dandelion Streptococcus suis CV, SEM Biofilm formation  [47]
Honeysuckle, houttuynia, Streptococcus suis CvV Biofilm formation  [48]
scutellaria baicalensis, etc.
Cuphea carthagenensis Pseudomonas aeruginosa CV, OM, SEM, determination of Biofilm formation  [49]
(Jacq.) J.F.Macbr. (leaf) extracellular polysaccharide,
determination of virulence factors
Acca sellowiana (Fruit) Pseudomonas aeruginosa CV, TEM, CLSM Biofilm formation  [50]

Staphylococcus aureus

Biofilm maturation
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Table 2 Summary of the plant active ingredients inhibitory to biofilms

Plant active Types of bacterial biofilm Methods The period of action References
ingredients on the biofilm
Grapefruit bioactive  Escherichia coli CV, transcriptional analysis Biofilm formation [51]
limonoids
Curcumin Pseudomonas aeruginosa CV, OM, CLSM, determination of Biofilm formation [52]
Escherichia coli extracellular polysaccharide,
determination of virulence factors
Luteolin Escherichia coli CvV Biofilm formation [53]
Eugenol Streptococcus mutans CLSM, transcriptional analysis Biofilm maturation  [54]
Coumarins Escherichia coli CLSM, transcriptional analysis Biofilm formation [55]
Cranberry Pseudomonas aeruginosa CV, resazurin dyeing, CLSM Biofilm formation [56]
proanthocyanidins Biofilm maturation
Ribose combined Streptococcus mutans Bacterial live/death counting kit, Biofilm formation [57]
with xylitol transcriptional analysis
Soy isoflavones Escherichia coli CvV Biofilm formation [58]
Epigallocatechin Enterococcus faecalis CC, CLSM Biofilm maturation  [59]
gallate
Berberine Enterococcus faecalis CV, CLSM, transcriptional analysis Biofilm formation [60]
hydrochloride Biofilm maturation
Eugenol Oral pathogenic bacteria XTT, SEM Biofilm formation [61]
Carvacrol
Thymol
Carvacrol Escherichia coli CV, CC Biofilm maturation  [62]
Citral Staphylococcus aureus
Rutin Single or double species CV, SEM, determination of Biofilm formation [63]
biofilm system extracellular polysaccharide
Gallic acid Staphylococcus aureus CV, FLM, ESEM, transcriptional Biofilm maturation  [64]
analysis, determination of extracellular
polysaccharide
Betulin Pseudomonas aeruginosa CV, TTC, OM, CLSM, determination Biofilm formation [65]
Betulinic acid of virulence factors
Octyl gallate Streptococcus mutans CV, transcriptional analysis Biofilm formation [66]
Myrtenol Staphylococcus aureus CV, CC, OM, CLSM, resazurin Biofilm formation [67]
dyeing, determination of virulence Biofilm maturation
factors, transcriptional analysis
Quercetin Enterococcus faecalis CV, SEM, CLSM Biofilm formation [68]
Cinnamaldehyde Staphylococcus epidermidis CV, CC, CLSM Biofilm formation [69]
Biofilm maturation
Punica granatum Staphylococcus aureus CvV Biofilm formation [70]

sarcotesta lectin

http://journals.im.ac.cn/cjben
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(B3R 1)

Plant active Types of bacterial biofilm Methods

ingredients

The period of action References

on the biofilm

Glycyrrhetinic acid ~ Pseudomonas aeruginosa

Total alkaloids of Staphylococcus aureus XTT
Sophora

alopecuroides and

matrine

Honokiol Escherichia coli

MTT, determination of virulence
factor TEM, SEM

CV, TTC, XTT, transcriptional

analysis, determination of AI-2

Biofilm formation [71]
Biofilm maturation
Biofilm formation [72]

Biofilm maturation

Biofilm formation [73]

Biofilm maturation

signaling molecules by biosensor

AFM: atomic force microscope; CC: colony count; CLSM: confocal laser scanning microscope; CV: crystal violet staining;
ESEM: environmental scanning electron microscope; OM: optical microscope; SEM: scanning electron microscope; TEM:
transmission electron microscope; TTC: determination of cell metabolic viability; XTT: determination of cell metabolic

viability; MTT: determination of cell metabolic viability.
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