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Abstract

Biofilm is a structural form of a microbial group that is protected by the Extracellular
Polymeric Substance (EPS) matrix. The biofilm is considered as the main mediator of
infection, and plays a major role in the occurrence of drug resistance. This study was aimed at
determining the antimicrobial and antibiofilm activities of papaya (Carica papaya L.) and
stevia (Stevia rebaudiana Bertoni) leaf extracts against three biofilm-forming bacteria. The
antimicrobial assay showed that papaya leaf extract exhibits higher activity compared to
stevia leaf extract in inhibiting the growth of the biofilm-forming bacteria. The optimum
condition of papaya leaf extract to inhibit biofilm-forming bacterial growth occurred at 45%
and 75% concentrations of the extract (pH 7). A 100% biofilm degradation by papaya leaf
extract occurred at pH 6 and pH 9.
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Introduction

A biofilm is a structural form of a microbial group that is protected by an extracellular
matrix called Extracellular Polymeric Substance (EPS) (Prakash et al. 2003). Biofilms are
currently considered as the primary mediator of infection by various species of pathogenic
microorganisms, with about 80% of infections related to the biofilm formation (Archer et al.
2011). The biofilm handling can be done through physical, chemical, or biological
treatments. In the present time, the handling of biofilms tends to be mostly carried out
biologically, such as using various plant extracts because they have a low level of toxicity
and are more environmentally friendly. Several natural materials from plants with potential as
antibiofilm include the terpenoid, steroids, saponins, carotenoids, phenolics, furanones,
alkaloids, peptides, tannins, and lactones (Viju et al. 2013).

Papaya (Carica papaya L., Caricaceae) is a common medicinal plant in Indonesia to
treat various diseases. Papaya contains protease enzyme (papain) and several phenolic
compounds, such as protocatechuic acid, p-coumaric acid, 5,7-dimethoxycoumarin, caffeic
acid, kaempferol, quercetin, chlorogenic acid (Vuong et al. 2013, Mohamed et al. 2018).
these compounds have anti-inflammatory, antimicrobial, and antibiofilm activity (Romasi et
al. 2011, Mohamed et al. 2018). Besides papaya, leaf extract from stevia plant (Stevia
rebaudiana Bertoni, Asteraceae) has also been reported to have anti-microbial and
antibiofilm activity (Barba et al. 2014, Sichani et al. 2012, Ortiz-Viedma et al. 2017). The
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antimicrobial activity of S. rebaudiana were reported against Escherichia coli, Lactobacillus
acidophilus, Streptococcus mutans, Corynebacterium diphtheriae, and Candida albicans,
among others (Gamboa & Chaves 2012, Mali et al. 2015, Kishta-Derani et al. 2016). In this
study, we examined the antimicrobial and antibiofilm activities of papaya (Carica papaya L.)
and stevia (Stevia rebaudiana Bertoni) leaf extracts against three biofilm-forming bacteria.

Materials and methods
Microorganisms

Samples of biofilm-forming bacteria were obtained from a washbasin in the Health
Microbiology Laboratory, Research Center for Biology (LIPI). Three isolates of the biofilm-
forming bacteria (strains SA 1-2, SA 1-3, and SA 1-5) were isolated using Mueller Hinton
Congo Red Agar (MHCRA) medium (16 g agar powder, 3 g beef extract, 17.5 g casein
hydrolysate, 1.5 g starch, 1000 mL distilled water, amended with 0.8 g.L™ congo red)
[Modification from Bridson (1998)]. Biofilm formation assay was carried out using
Trypticase Soy Broth (TSB) medium with 5% sucrose (Mathur et al. 2006). The TSB
medium composed of 17 g peptone casein, 2.5 g Ko;HPO,, 2.5 g glucose, 5 g NaCl, 3 g soya
peptone in 1000 mL distilled water (Bridson 1998).

Molecular identification of biofilm-forming bacteria
DNA extraction, PCR amplification and sequencing

Bacterial DNA extraction was carried out directly from the 48-h colony on the
Nutrient Agar (NA) medium. A total of 1-2 bacterial colonies grown on the NA medium was
taken using a sterile ose, and then put into 50-100 pL nuclease free water and then
homogenized. The bacterial suspension is considered as a DNA template. The DNA
extraction was carried out using KAPA 3G Plant PCR Kit® (KAPA Biosystems, USA) with
the following mix solution composition per sample: 18.9 uL nuclease free water, 25 pL
KAPA 3G Plant PCR Buffer (2x), 1.5 pL Primer 27F (5'-AGAGTTGATCMTGGCTCAG-
3), 1.5 pL Primer 1492R (5-TACGGYTACCTTGTTACGACTT-3), 0.6 uL KAPA 3G
Plant dNTPs, 0.5 pL KAPA enhancers, 0.5 pL MgCl,, and 1.5 pL DNA template. The PCR
reaction was conducted using the following condition: initial denaturation at 95°C for 3 min,
followed by 35 cycles consisting of denaturation at 95°C for 20 s, annealing at 50°C for 15 s,
extension at 72°C for 30 s. A final extension at 72°C for 30 s was conducted after 35 cycles.

Phylogenetic analysis

A nucleotide sequence from the 27F and 1492R primer pair were edited and trimmed
using the ChromasPro version 1.7.5 software (Technelysium Pty Itd, Australia). The
ambiguous nucleotide base was checked to ensure that there is no readable base error.
Homologous sequences were searched from the GenBank database using the Basic Local
Alignment Search Tool (BLAST) (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The sequences
were further aligned in the FASTA format using MUSCLE (MUItiple Sequence Comparison
by Log-Expectation) (Edgar 2004) in MEGA (Molecular Evolutionary Genetics Analysis)
version 6 (Tamura et al. 2013).

Bacterial identification was carried out using the Phylogenetic Species Concept
(PSC), where species are defined as sequences that form independent clades. The
phylogenetic tree was constructed using Neighbor-Joining (NJ) method in MEGA 6. The
Maximum Composite Likelihood was used to estimate evolutionary distances between all
pair of sequences simultaneously. Partial deletion was used to treat indels or missing data.
The branch strength of the phylogenetic tree was tested by 1000 replications of bootstrap
method.
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Papaya (Carica papaya L.) and Stevia (Stevia rebaudiana Bertoni) leaves extraction

A total of 50 g of papaya leaf powder (< 80 mess) was extracted using 250 mL
ethanol absolute, and then incubated in the rotary shaker at room temperature for 2 days at
120 rpm. The solution was further filtered and then concentrated in a rotary vacuum
evaporator at a temperature of 40°C. The same procedure was used to extract stevia leaf
powder.

Antimicrobial activity assay

Antimicrobial test was carried out using the method described by Ulyah et al. (2015)
with a modification. Leaf extracts were prepared in several concentrations, namely 45%, 75%
and 90%. The most optimum concentration in inhibiting biofilm-forming bacteria was carried
out by agar diffusion method. The MHA (Mueller Hinton Agar) medium with different pH
conditions (6, 7, and 9) were prepared. Three biofilm-forming bacterial isolates were
prepared in 5 mL of Luria Bertani (LB) medium and incubated at 37°C for 24 h. After
incubation, each bacterial suspension was swabbed on the surface of MHA medium and then
incubated for 10 min. Three agar wells (3 mm in diam.) were prepared in the MHA medium.
A total of 50 pL of each leaf extract concentration (45%, 75%, 90%) was inserted into the
holes in the MHA medium. Chloramphenicol and sterile distilled water were used as positive
control and negative control, respectively. Incubation was carried out at different
temperatures (30°C and 37°C) and different times (24 h, 48 h, 72 h). The inhibition zone was
measured as follows:

Inhibition zone (mm) = clear zone diameter (mm) - diameter of the hole (mm)

Inhibition effectiveness parameter was set as follows:
- Diameter of inhibition zone > 20 mm: very strong inhibition activity
- Diameter of inhibition zone > 10-20 mm: strong inhibition activity
- Diameter of inhibition zone > 5-10 mm: moderate inhibition activity
- Diameter of inhibition zone > 0-5 mm: weak inhibition activity

Antibiofilm activity assay

Biofilm inhibition assay was conducted using the microtiter assay method (Ulyah
2015) with a modification. First, the biofilm was formed on the microplate by growing
biofilm forming bacteria for 24 h, then a total 50 yL of papaya leaf extract or stevia leaf
extract was added into the microplate. This assay was conducted at pH (6, 7, 9)),
temperatures (30, 37°C) and incubation times (24, 48, 72 h).

Microplate was rinsed with distilled water three times, then a 125 mL of 0.1% crystal
violet was added, and the microplate was incubated at room temperature for 15 minutes. The
microplate was rinsed again using distilled water three times, and then dried. A total 200 mL
of ethanol was added into the microplate wells and was incubated at room temperature for 15
minutes. After the incubation, the absorbance was measured in the microplate reader at A =
595 nm. The optical density (OD) was calculated as follows:

% biofilm inhibition = 1 — (a corrected sample / a corrected blank) x 100%

Notes:
A corrected sample = fungal extract + plant leaf extract
A corrected blank = DMSO 20% + plant leaf extract
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Results
Molecular identification of biofilm-forming bacteria

The BLAST results of the three bacterial isolates showed that the sequence from
strain SA 1-3 had a close relationship with type sequences of the genus Bacillus (data not
shown). The NJ tree showed that SA 1-3 sequence nested in the same clade with B.
thuringiensis strain ATCC 10792, B. marcorestinctum strain LQQ, B. toyonensis strain BCT-
7112, B. wiedmannii strain FSL W8-0169, B. mycoides strain NBRC 101228, B.
weihenstephanensis strain DSM 11821, and B. cereus strain CCM 2010 with 92% bootstrap

MR 114581 Bacillus thuringiensis strain ATCC 10792

NR 117414 Bacillus marcorestinctum strain LQQ

MR 121761 Bacillus toyonensis strain BCT-7112

561l k198626 Bacillus wiedmannii strain FSL W8-0169

MR 113990 Bacillus mycoides strain NBRC 101228

97 INR. 024697 Bacillus weihenstephanensis strain DSM 11821
NR 115714 Bacillus cereus strain CCM 2010

65
75

Bacillus sp. strain 1-3
26 MR 113991 Bacillus pseudomycoides strain NBRC 101232
53L.JN411109 Bacillus bingmayongensis strain FJAT-13831
MR 125530 Bacillus manliponensis strain BL4-6
L—— MR 074914 Bacillus cytotoxicus strain NVH 391-98
MR 041379 Bacillus panaciterrae strain Gsoil 1517
MR 028624 Bacillus funiculus strain NAF001
MR 109671 Bacillus abyssalis strain SCSIO 15042
MR 125615 Bacillus thaonhiensis strain MHI-38
MR 109443 Bacillus songklensis strain CAU 1033
MR 133973 Bacillus fenggiuensis strain NPK15
NR 136461 Bacillus taiwanensis strain FJAT-14571
NR 025511 Bacillus luciferensis strain LMG 18422
100L NR 043774 Bacillus acidiceler strain CBD 119
MNR. 042286 Bacillus herbersteinensis strain D-15
MR 043268 Bacillus idriensis strain SMC 4352-2
NR 026138 Bacillus cohnii strain DSM 6307
MR 133704 Bacillus tianshenii strain YIM M13235
NR 113070 Bacillus horikoshii strain DSM 8719
NR 026144 Bacillus halmapalus strain DSM 8723
MR 117854 Bacillus zhanjiangensis strain JSM 099021
MR 043084 Bacillus koreensis strain BR030
100 MR 113800 Bacillus flexus strain NBRC 15715
5 NR 024691 Bacillus flexus strain IFO15715
| 99 NR 043401 Bacillus megaterium strain 1AM 13418
a7 |~ NR 117473 Bacillus megaterium strain ATCC 14581
56L MR 115953 Bacillus aryabhattai strain BEW22
a5 MR 109068 Bacillus ginsengisali strain DCY53
—|:JR (041377 Bacillus pocheonensis strain Gsoil 420
K.J866191 Bacillus haikouensis strain C-89
MR 025241 Bacillus aquimaris strain TF-12
NR 118437 Bacillus marisflavi strain TF-11
MR 043083 Bacillus sechaeanensis strain BH724
MR 115933 Bacillus coahuilensis strain md-4
100 MR 044037 Bacillus coahuilensis strain md-4
KP268082 Bacillus solani strain FJAT-18043
NR 044538 Bacillus korlensis strain ZLC-26
MR 108492 Bacillus purgationiresistens strain DS22
NR 041942 Bacillus acidicola strain 105-2
MR 025373 Bacillus shackletonii strain LMG 18435
MR 041378 Bacillus ginsengihumi strain Gsoil 114
MR 118832 Bacillus sporothermodurans strain M215
100 L NR 146819 Bacillus vini strain LAM0415
MR 042083 Bacillus muralis strain LMG 20238
41UD[NR 042136 Bacillus simplex strain DSM 1321

AJ320493 Paenibacillus polymyxa strain DSM 36T

96

B3

Figure 1. A phylogenetic tree generated from the NJ analysis showed a relationship of
Bacillus sp. strain 1-3 with closely related sequences (1000x BS)
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support (BS) (Fig. 1). However, the SA 1-3 sequence was named as Bacillus sp. strain 1-3,
due to formed an independent lineage within this clade.

The BLAST results showed that the nucleotide sequence of strain SA 1-5 showed a
close relationship with type sequences of the genus Enterobacter (data not shown). The
phylogenetic tree generated from the NJ analysis showed that the SA 1-5 sequence nested in
the same clade with E. hormaechei subsp. steigerwaltii strain EN-5624, and E. cloacae strain
ATCC 13047 with 67% BS (Fig. 2). Sequence of SA 1-5 was named as Enterobacter sp.
strain 1-5 strains due to paraphyletic in this clade.

77/ NR 074910 Salmonella enterica subsp. enterica serovar Typhimurium strain LT2
£l 'AFWUWG Salmonella typhimurium fragment STMF1
71 NR 104709 Salmanella enterica subsp. enterica strain LT2
73

MR 116125 Salmonella enterica subsp. arizonae strain DSM 9386

NR 116124 Salmonella bongori strain DSM 13772
CP013447 Kosakonia cowanii strain 888-76

EBEBQ2TE Escherichia hermannii strain NBRC 105704

AB682278 Enterobacter gergoviae strain NBRC 105706

NR 041927 Escherichia wlneris strain ATCC 33821

HQ122932 Enterobacter sp. 247BMC
NR 126208 Enterobacter xiangfangensis strain 10-17

a7

Enterobacter sp. strain 1-5
AJB53890 Enterobacter hormaechei subsp. steigerwaltii strain EN-562T
MR 118568 Enterobacter cloacae strain ATCC 13047
W LC036261 Cedecea lapagei strain JCM 1684
L AB682279 Cedecea neteri strain NERG 105707
CP011863 Enterobacter asburiae strain ATCC 35953
NR 044977 Enterobacter cancerogenus strain LMG 2693
711KF516259 Enterobacter cancerogenus strain DSMZ 17580
MR 146667 Enterobacter tabaci strain YIM Hb-3
NR 145647 Enterobacter muelleri strain JM-458
KT825517 Leclercia adecarboxylata strain CIP 82.92
CP017280 Enterobacter ludwigii strain EN-119
LT547822 Enterobacter kobei partial strain DSM 13645T
MR 104933 Leclercia adecarboxylata strain CIP 82.92
o |NR 111398 Pantoea agglomerans strain JCM1236
591KYB06572 Morganella morganii strain NBRC 3848

’7 NR 117547 Enterobacter soli strain LF7
NR 117683 Klebsiella pneumoniae strain DSM 30104
MR 114737 Enterobacter aerogenes strain NCTC10006
L NR 114108 Kluyvera cryocrescens strain NBRC 102467
NR 104334 Yokenella regensburgei strain CIP 105435
NR 028688 Citrobacter murliniae strain CDC 2970-59
MR 024862 Citrobacter werkmanii strain CDC 0876-58
NR 028687 Citrobacter braakii strain 167
KM515969 Citrobacter freundii ATCC 8090 MTCC 1658 strain CIP 57.32

721 KM515967 Citrobacter braakii strain CIP 104554
MR 112010 Klebsiella oxytoca strain JCM1665

63

n.o0z2

Figure 2. A phylogenetic tree generated from the NJ analysis showed a relationship of
Enterobacter sp. strain 1-5 with closely related sequences (1000x BS)
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Antimicrobial activity assay

The results of the antimicrobial assay showed that stevia leaf extract at 75% and 90%
inhibited biofilm-forming bacterium Enterobacter strain 1-5 at 37°C with 15 mm and 10 mm
inhibition zones, respectively (Table 1). In addition, highest inhibition zones from papaya
leaf extract against Bacillus sp. strain SA 1-3 and Enterobacter sp. strain SA 1-5 were found
at 45% concentration (30°C) and 75% (37°C), respectively (Table 1).

Table 1. The antimicrobial assay of stevia leaf extract and papaya leaf extract at different
concentrations

Clear zone diameter (mm)

Concentration

Bacterial strain (%) Temperature 30°C Temperature 37°C
Stevia Papaya Stevia Papaya
extract extract extract extract

45 - 10
Bacillus sp. strain SA 1-3 75 - 5
90
45 - 25
Enterobacter sp. strain SA 1-5 75 - 15 15 30
90 - 10 10

The antimicrobial assay at different pH conditions (pH 6, 7, and 9) showed that stevia
extract exhibited antimicrobial activities against Enterobacter sp. strain SA 1-5 at 75%
concentration (37°C, pH 7) (Table 2). In addition, the highest antimicrobial activities of the
papaya extract against Bacillus sp. strain SA 1-3 and Enterobacter sp. strain SA 1-5 were
found at 45% (30°C, pH 7) and 45% (30°C, pH 9) (Table 2).

Table 2. The antimicrobial assay of stevia leaf extract and papaya leaf extract at different pH
conditions

Clear zone diameter (mm)

Bacterial strain Extract (%) Temperature (°C)
pH 6 pH7 pH 9

Papaya 45 30 8 25 5
Bacillus sp. strain SA 1-3

Papaya 75 37 8 20

Papaya 45 30 - 8 15
Enterobacter sp. strain SA 1-5

Stevia 75 37 - 10

Antibiofilm activity assay

The microtiter assay showed that the best antibiofilm activities from stevia leaf extract
against Bacillus sp. strain SA 1-3 and Enterobacter sp. strain SA 1-5 were found at 75%
(37°C, pH 6) and 75%/90% (37°C, pH 9), respectively (Table 3, Fig. 3).

In addition, the papaya leaf extract at all concentrations showed a high antibiofilm
activities (Table 4). The microtiter assay showed that the best antibiofilm activities from the
papaya leaf extract against Bacillus sp. strain SA 1-3 and Enterobacter sp. strain SA 1-5 were
found at 45% (37°C, pH 6) and 90% (37°C, pH 9), respectively (Table 3).
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Table 3 An antibiofilm activities of the stevia leaf extracts at different temperatures and pH
conditions

Antibiofilm activity (%6)
Concentration of

:Qﬁ]l:)té?ggﬁre °C) eﬁ;;ct Bacillus sp. strain SA 1-3  Enterobacter sp. strain SA 1-5
pH6 pH7 pH 9 pH 6 pH 7 pH 9
45 48.5 61.7 32.7 54.2 67.4 38.5
30 75 55 41.7 22.6 56.3 53 28
90 17.6 66.7 30.3 26.8 68.3 30
45 82,5 72.2 15 60.8 76.7 97.6
37 75 95 65.9 0 51.4 43 98
90 29.1 79.1 42.2 65.4 67.8 98

B 45%,30°C B 75%, 30°C 90%, 30°C E45%,37°C E75%, 37°C 90%, 37°C

120

100

80

65.4
67.8

60

48.5

i 55

40

17.6

20

pH 6 pH7 pH9 pH 6 pH7 pH9

Bacillus sp. strain SA 1-3 Enterobacter sp. strain SA 1-5

Figure 3. Comparison of the antibiofilm activities of the stevia leaf extracts at different
temperatures and pH conditions

Table 4. An antibiofilm activities of the papaya leaf extracts at different temperatures and pH
conditions

Antibiofilm activity (%)

Incubation Concentration of
temperature extract Bacillus sp. strain SA 1-3  Enterobacter sp. strain SA 1-5
(0 0 PHBH g PR
45 979 975 98.3 98.7 98.3 97.7
30 75 97.3 985 99 97.9 99 98.4
90 935 989 98.5 96.2 99.2 98.4
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Antibiofilm activity (%)

Incubation Concentration of
temperature extract Bacillus sp. strain SA 1-3  Enterobacter sp. strain SA 1-5
v o PHO P g PHOPH g
45 100 993 98.6 98.5 993 99.1
37 75 99.4 995 99.1 989 986 98.6
90 99.1 974 98.4 97.7 989 99.4

E45%, 30°C B 75%, 30°C 90%, 30°C E45%,37°C BE75% 37°C 90%, 37°C

102

100

98
96
94
92
90
pH 6 pH7 pH9 pH 6 pH7 pH9
Bacillus sp. strain SA 1-3 Enterobacter sp. strain SA 1-5

Figure 4. Comparison of the antibiofilm activities of the papaya leaf extracts at differen
temperatures and pH conditions

Discussion

Biofilm is the main mediator of an infection, with an estimated 80% of microbial
infections related to the biofilm formation (Tarver 2009, Archer et al. 2011). This is because
the biofilm can occur on surfaces of the organs of organisms (human, animal, and plant) and
affect the function of the colonized organs. In general, biofilm can be treated using physical,
chemical, and biological methods. The biological methods include application of microbial
and plant metabolites (Hamieh et al. 2015, Sanchez et al. 2016, Bazargani & Rohloff 2016).
Among the plant extracts, papaya and stevia leaves extracts were reported to have
antimicrobial activities (Romasi et al. 2011, Gamboa & Chaves 2012, Miranda-Arambula et
al. 2017). Papaya leaf contains active substances such as carbainine alkaloids, carpaine,
vitamin C and E, choline, proteolytic enzyme (papain), flavonoids, and tannins (Milind &
Gurdita 2011). Meanwhile, stevia leaf contains active substances such as alkaloids, tannins,
flavonoids, and phenol (Lamonthe et al. 2009).

The results of this study showed that both stevia and papaya leaves extracts exhibited
antimicrobial and antibiofilm activities, but the papaya leaf extract showed higher activities
than that of stevia leaf extract (Tables 1-4). This might be due to the activity of the papain
enzyme from the papaya leaf extract. Papain is the proteolytic enzyme in the papaya leaves
that has an antibiofilm and antimicrobial activities (Cynthya et al. 2014, Blanchette & Wenke
2018, Mohamed et al. 2018). Another important antimicrobial compound from papaya is the
carpaine alkaloid (Julianti et al. 2014). Alkaloid compounds can inhibit bacterial cell wall
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synthesis through lysis activities of the bacterial cell wall. In addition, alkaloid compounds
can interfere with the formation of peptidoglycan constituents in the bacterial cells, causing
failure in the bacterial cell wall layer formation.

In the mechanism of antibiofilm formation by natural compounds such as papain, the
biofilm degradation usually occurs in the Extracellular Polymeric Substance (EPS) layer. The
EPS composition varies between microbial species and growth conditions (Borlee et al.
2008). This study showed that the bacterial biofilm responses to the stevia and papaya leaves
extracts varies at different temperatures and pH conditions (Tables 3-4). Biofilm degradation
ability of metabolites is related to their ability to penetrate into the EPS layer or the mucous
layer that envelops the bacteria. Many antimicrobial compounds fail to penetrate biofilms
because EPS, which acts as a barrier, protects bacterial cells inside. The formation of EPS is
signaled by the secretion of Quorum Sensing (QS) (Tan et al. 2014). The QS is a mechanism
used by the bacterial cells to determine the condition of their extracellular environment and
takes a major role in the biofilm formation (Borlee et al. 2008). Therefore, disrupting the
secretion of QS and preventing the formation of EPS is the main concern to prevent the
biofilm formation (Ardani et al. 2010).

Conflict of Interest
The authors state no conflict of interest from this manuscript.

Acknowledgment
Seta Situ Ringgit (Padjadjaran University) is thanked for the laboratory assistance.

References

Archer NK, Mazaitis MJ, Costerton JW, Leid JG, Powers ME, Shirtliff ME. 2011.
Staphylococcus aureus biofilms properties, regulation and roles in human disease.
Virulence 2, 445-459. DOI: 10.4161/viru.2.5.17724

Ardani M, Pratiwi SUT, Hertiani T. 2010. Efek campuran minyak atsiri daun cengkeh dan
kulit batang kayu manis sebagai antiplak gigi. Majalah-Farmasi-Indonesia. 21(3): 191-
200. (In Indonesian language)

Barba FJ, Criado MN, Belda-Galbis CM, Esteve MJ, Rodrigo D. 2014. Stevia rebaudiana
Bertoni as a natural antioxidant/antimicrobial for high pressure processed fruit extract:
Processing parameter optimization. Food Chemistry 148, 261-267. DOI:
10.1016/j.foodchem.2013.10.048

Bazargani MM, Rohloff J. 2016. Antibiofilm activity of essential oils and plant extracts
against Staphylococcus aureus and Escherichia coli biofilms. Food Control 61, 156-
164. DOI: 10.1016/j.foodcont.2015.09.036

Blanchette KA, Wenke JC. 2018. Current therapies in treatment and prevention of fracture
wound biofilms: why a multifaceted approach is essential for resolving persistent
infections. J. Bone Joint Infect. 3(2), 50-67. DOI: 10.7150/jbji.23423

Borlee BR, Geske GD, Robinson CJ, Blackwell HE, Handelsman J. 2008. Quorum-sensing
signals in the microbial community of the cabbage white butterfly larval midgut. The
ISME Journal. 1-11.

Bridson EY. 1998. The Oxoid Manual Eight Edition. Oxoid Limited, England.

Cynthya M, Prabhawathi V, Mukesh D. 2014. Papain immobilized polyurethane film as
antimicrobial food package. World Academy of Science, Engineering and Technology
International Journal of Bioengineering and Life Sciences 8(12), 1367-1370.

Edgar RC. 2004. MUSCLE: Multiple Sequence Alignment with High Accuracy and High
Throughput. Nucleic Acids Research 32(5), 1792-1797. DOI: 10.1093/nar/gkh340

27



Gamboa F, Chaves M. 2012. Antimicrobial potential of extracts from Stevia rebaudiana
leaves against bacteria of importance caries. Acta Odontol. Latinoam 25, 171-175.
Hamieh A, Olama Z, Holail H. 2015. Biological treatment of bacterial biofilms from drinking

water distribution system in Lebanon. Int. J. Curr. Microbiol. App. Sci 4(6), 176-186.

Julianti T, Oufir M, Hamburger M. 2014. Quantification of the antiplasmodial alkaloid
carpaine in papaya (Carica papaya) leaves. Planta Med 80, 1138-1142. DOI:
10.1055/s-0034-1382948

Kishta-Derani M, Neiva GF, Boynton JR, Kim YE, Fontana M. 2012. The antimicrobial
potential of stevia in an in vitro microbial caries model. American Journal of Dentistry
29(2), 87-92.

Lamonthe RG, Mitchell G, Gattuso M, Diarra MS, Malouin F, Bouarab K. 2009. Plant
antimicrobial agent and their effect on plant and human pathogens. International
Journal of Molecular Sciences 10, 3400-3419.

Mali AB, Joshi M, Kulkarni V. 2015. Phytochemical screening and antimicrobial activity of
Stevia rebaudiana leaves. Int. J. Curr. Microbiol. App. Sci 4(10): 678-685.

Mathur T, Singhal S, Khan S, Upadhyay DJ, Fatma T, Rattan A. 2006. Detection of biofilm
formation among the clinical isolates of Staphylococcus: an evaluation of three
different screening methods. Indian J Med Microbiol. 24(1), 25-29.

Miranda-Arambula M, Olvera-Alvarado M, Lobo-Séanchez M, Pérez-Xochipa |, Rios-Cortés
AM, Cabrera-Hilerio SL. 2017. Antibacterial activity of extracts of Stevia rebaudiana
Bertoni against Staphylococcus aureus, Staphylococcus epidermidis and Pseudomonas
aeruginosa. Journal of Medicinal Plants Research 11(25), 414-418. DOI:
10.5897/JMPR2017.6373.

Mohamed SH, Mohamed MSM, Khalil MS, Mohamed WS, Mabrouk MI. 2018. Antibiofilm
activity of papain enzyme against pathogenic Klebsiella pneumoniae. Journal of
Applied Pharmaceutical Science 8, 163-168. DOI: 10.7324/JAPS.2018.8621

Milind P, Gurditta. 2011. Basketful benefits of papaya. IRJP 2(7), 6-12.

Ortiz- Viedma J, Romero N, Puente L, Burgos K, Toro M, Ramirez L, Rodriguez A,
Barros- Velazquez J, Aubourg SP. 2017. Antioxidant and antimicrobial effects of
stevia (Stevia rebaudiana Bert.) extracts during preservation of refrigerated salmon
paste. European Journal of Lipid Science and Technology 119(10), 1600467 (1 of 9).
DOI: 10.1002/ej1t.201600467

Sichani MM, Hosseinabadi FA, Karbasizade V, Reza MM. 2012. The effect of Stevioside
and Stevia rebaudiana on the growth of Streptococcus mutans. Journal of Medicinal
Plants Research 6(32), 4731-4734. DOI: 10.5897/JMPR11.1622

Prakash B, Veeregowda BM, Krishnappa G. 2003. Biofilms: A survival strategy of bacteria.
Current Science 85, 1299-1307.

Romasi EF, Karina J, Parhusip AJN. 2011. Antibacterial activity of papaya leaf extracts
against pathogenic bacteria. MAKARA, TEKNOLOGI 15(2), 173-177.

Sanchez E, Garcia-Becerra L, Morales CR, Castillo S, Martinez DMO, Leos-Rivas C. 2016.
Antibacterial and antibiofilm activity of methanolic plant extracts against nosocomial
microorganisms. Evidence-Based Complementary and Alternative Medicine, Article ID
1572697, 8 pages. DOI: 10.1155/2016/1572697

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGAG6: Molecular
evolutionary genetics analysis version 6.0. Molecular Biology Evolution 30, 2725—
2729.

Tan CH, Koh KS, Xie C, Tay M, Williams R, Ng WJ, Rice SA, Zhou Y, Kjelleberg S. 2014.
The role of quorum sensing signalling in EPS production and the assembly of a sludge
community into aerobic granules. The ISME Journal 8, 1186-1197.

28



Tarver T. 2009. Biofilms a thread to food safety. Institute of Food Technologists 46-52.
Accessed 11 June 2019
(http:/www.ift.org/~/media/Knowledge%20Center/Science%20Reports/Scientific%20
Status%20Summaries/Editorial/editorial_0209 feat biofilms.pdf).

Ulyah H, Ulfa EU, Puspitasari E. 2015. Uji aktivitas antibakteri dan antibiofilm minyak atsiri
rimpang bengle (Zingiber purpureum Roscoe) terhadap bakteri Staphylococcus
epidermidis. E-Jurnal Pustaka Kesehatan 3(2), 267-271. (In Indonesian language)

Viju N, Satheesh S, Vincent SGP. 2013. Antibiofilm activity of coconut (Cocos nucifera
Linn.) husk fibre extract. Saudi Journal Biology Science 20, 85-91. DOI:
10.1016/j.sjbs.2012.11.002

Vuong QV, Hirun S, Roach PD, Bowyer MC, Phillips PA, Scarlett CJ. 2013. Effect of
extraction conditions on total phenolic compounds and antioxidant activities of Carica
papaya leaf aqueous extracts. Journal of herbal medicine 3, 104-111. DOI:
10.1016/j.hermed.2013.04.004

29



