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Abstract
The aim of this study was to assess the potential of Candida species and Pichia species to adhere 

to stainless steel (AISI 304) material with different degrees of surface roughness and polystyrene as most 
frequently used contact materials. Cell surface hydrophobicity (CSH) of Candida and Pichia strains was 
determined in order to assess correlation between the cell surface hydrophobicity and yeast adhesion to pol-
ystyrene. Candida albicans showed a higher ability to adhere to both surfaces compared with non-albicans 
Candida species. Regarding Pichia species, P. membranifaciens strains were less adherent to stainless steel 
than P. pijperi. Surface roughness of stainless steel was found to affect the adhesion of Candida and Pichia 
strains, whereas cell surface hydrophobicity was not correlated with adhesion. We also investigated the 
antimicrobial and antibiofilm activity of plant extracts such as Humulus lupulus, Alpinia katsumadai and 
Evodia rutaecarpa against C. albicans, C. glabrata and P. membranifaciens. According to the MIC values, 
all plant extracts were effective in  inhibiting yeast strains. It was observed that biofilms of C. glabrata were 
more resistance to plant extracts as compared to C. albicans. However, extracts of A. katsumadai and E. 
rutaecarpa  promoted the growth and development of a preformed biofilm of P. membranifaciens. 
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Резюме
Щамове Candida albicans показват по-висока способност да се прилепват към двете 

повърхности в сравнение с не-albicans видове Candida. Що се отнася до видовете Pichia, щамовете 
на P. membranifaciens са по-слабо прикрепени към неръждаемата стомана, отколкото P. pijperi. Ус-
тановено е, че повърхностната грапавост на неръждаема стомана оказва влияние върху адхезията 
на щамовете Candida и Pichia, докато хидрофобността на клетъчната повърхност не е свързана с 
адхезията. Изследвана е и антимикробната и антибиофилмната активност на растителни екстракти 
като Humulus lupulus, Alpinia katsumadai и Evodia rutaecarpa срещу C. albicans, C. glabrata и P. 
membranifaciens. Според стойностите на MIC, всички растителни екстракти са ефективни за инхи-
биране на щамове дрожди. Биофилмите на C. glabrata са по-устойчиви на растителни екстракти в 
сравнение с тези на C. albicans. Въпреки това, екстрактите на A. katsumadai и E. rutaecarpa насърчават 
растежа и развитието на предварително оформен биофилм от P. membranifaciens.

* Corresponding author: raspor2013@gmail.com

Introduction
Yeasts are used in food and drink fermen-

tation, but they can also cause spoilage in a wide 
range of fermented and non-fermented foods. Food 
spoilage is a serious sensorial and economic prob-
lem for the food industry as microbial contami-

nation can occur during processing, storage, and 
consumption of the end products (Bokulich and 
Bamforth, 2013). Pichia, Candida, Saccharomyces 
and Rhodotorula are the genera mainly involved 
in spoilage of products in the beverage industry 
(Loureiro and Malfeito-Ferreira, 2003). These con-
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taminating microorganisms can form biofilms  on 
food contact surfaces, being difficult to eradicate, 
increasing the probability of microbial survival 
and further dissemination during food process-
ing (Brugnoni et al., 2012). It is well known that 
biofilms are more resistant to antimicrobial agents 
compared to planktonic cells (Simões et al., 2010; 
Tomičić et al., 2016) and this makes them difficult 
to eliminate.  

Among all of the strategies that have been ex-
ploited to overcome resistance to antifungal drugs 
and preservatives, the use of natural substances 
has shown particular promise, and many natural 
substances have been detected to show antifungal 
properties. Natural products, such as plant extract, 
provide unlimited opportunities for control of mi-
crobial growth owing to their chemical diversity 
(Negi, 2012; Nawrot et al., 2013). Plants such as 
hop (Humulus lupulus Linneus; Cannabinaceae), 
Alpinia katsumadai Hayata (syn. A. katsumadae 
Hayata; Zingiberaceae) and Evodia rutaecarpa 
Benth. (Chinese name, Wu zhu yu) have been used 
since ancient times for flavouring foods and bever-
ages as well as for medicinal purposes with vary-
ing success to cure and prevent diseases or spoil-
age (Gröblacher et al., 2012; Wang et al., 2013; 
Kramer et al., 2014). Data on the antifungal effect 
of these plants on Candida spp. and Pichia spp. is 
still scarce. 

Microbial adhesion to surfaces is considered 
a multifactorial process. Many studies suggest that 
microbial cell surface hydrophobicity (CSH) and 
surface properties of materials such as surface 
roughness (Ra) significantly influence microbial 
adhesion (Li, 2003; Brugnoni et al., 2007; Tomičić 
and Raspor, 2017). However, the relationship be-
tween these factors and microbial adhesion still re-
mains controversial. 

The aim of this study was to assess the po-
tential of Candida and Pichia species to adhere to 
stainless steel (AISI 304) material with different 
degrees of surface roughness (Ra = 25.20 – 961.90 
nm) and polystyrene, typical materials for the food 
processing industry. Cell surface hydrophobicity 
(CSH) of the tested strains was determined in order 
to test for a possible correlation between this phys-
icochemical property and the ability to adhere to the 
polystyrene surface. In this study, we also evaluat-
ed the antimicrobial activity of plant extracts such 
as H. lupulus, A. katsumadai and E. rutaecarpa 
against Candida albicans, Candida glabrata and 
Pichia membranifaciens and investigated whether 
these plant extracts can interfere with biofilm for-

mation as well as acting on preformed biofilms. 
Thus, the knowledge of how these microorganisms 
adhere and which factors affect this phenomenon 
proves to be of great importance in order to avoid 
their colonization.
Materials and methods
Strains and growth conditions

A total of eight Candida strains and three 
Pichia strains were used to study the cell surface 
hydrophobicity and adhesion to polystyrene and 
stainless steel surfaces. Candida and Pichia strains 
were obtained from the Collection of Industrial Mi-
croorganisms (ZIM) at the Biotechnical Faculty, 
Slovenia (Table 1). 

The strains were preserved in Yeast Peptone 
Dextrose medium (Sigma-Aldrich, St. Louis, USA) 
(YPD) supplemented with 40% glycerol at −80°C 
and revitalized from frozen stocks by cultivation on 
Malt Extract agar for microbiology (MEA) (Merck-
KGaA, Darmstadt, Germany) for 24 h at 37°C 
(Candida strains) or 27°C (Pichia strains).
Stailess steel surfaces

Five types of stainless steel (type AISI 304) 
discs (5.0 mm in diameter and 1.0 mm in thickness) 
with different degrees of surface roughness (Ra = 
25.20 – 961.90 nm) were obtained from Iskra Pio 
(Ljubljana, Slovenia) (Table 2). 

Atomic force microscopy (AFM, VEECO Di-
mension 3100, Town of Oyster Bay, NY, USA) was 
used for the characterization of the surface topogra-
phy of the material on a sub-micrometer scale, and 
a parameter such as roughness (Ra) was measured. 
All the stainless steel discs were cleaned with 96% 
ethanol, rinsed with distilled water and autoclaved 
at 121°C for 15 min before use.  
Extracts 

The plant extracts used in this study, A. kat-
sumadai seeds (Cat. no. 680381, Plantasia, Obern-
dorf/ Salzburg, Austria) and E. rutaecarpa dried 
unripe fruits, that is, follicles including seeds (Plan-
tasia; Cat. No. 040377, Oberndorf, Austria) were 
purchased from a commercial source and extracted 
with 96% ethanol for 24 h at room temperature to 
obtain extracts rich in phenolic compounds which 
were dried by gradual pressure decrease at 45°C 
using a rotavapor (Kovač et al., 2014). H. lupulus 
extract was derived from the brewery Laško, Lju-
bljana, Slovenia.   
Determination of minimal inhibitory concentra-
tions (MICs).

The minimal inhibitory concentrations 
(MICs) of plant extracts were determined using a 
broth microdilution method in accordance with the 
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Table 1 Yeast strains used in the study and their origin
Species (strain) Origin

C. albicans (ATCC 10261)
C. glabrata (ZIM 2367)
C. glabrata (ZIM 2369)
C. glabrata (ZIM 2382)
C. parapsilosis (ATCC 22019)
C. parapsilosis (ZIM 2014)
C. parapsilosis (ZIM 2234)
C. krusei (ATCC 6258)
P. pijperi (ZIM 1368)
P. membranifaciens (ZIM 2302)
P. membranifaciens (ZIM 2417)

Man, nail, of case of paronychia
Tracheal aspiration
Bronchoalveolar wash (BAL)
Urine from indwelling catheter
Man, case of sprue
Sputum
Fruit juice concentrate
Man, sputum of bronchitic convict
Must of Refošk
Spoiled wine
White cheese of  cow’s milk

Table 2 Surface roughness of each type of stainless steel disc
Disc type 3D polished brushed 3C electropolished brushed (240)
Average roughness, 
Ra (nm)

25.20 71.90 160.88 592 961.90

guidelines of the Clinical and Laboratory Stan-
dards Institute (CLSI), standard M27-A3 (CLSI, 
2008).  Briefly, the extracts were dissolved 
in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, 
St. Louis, USA) before dilution in the Malt Extract 
Broth for microbiology (MEB) medium (Merck, 
KgaA, Darmstadt, Germany). Serial dilutions were 
then performed and the extracts were tested at ten 
concentrations that varied from 800 to 1.5625 μg/
mL. The final concentration of DMSO in microtiter 
wells did not exceed 1%. After inoculation of yeast 
strains, plates were incubated for 48 h at 37°C for 
Candida strains or 27°C for Pichia strain and the 
absorbance (A) was measured at 650 nm using a 
microplate reader (Tecan, Mannedorf/Zurich, Swit-
zerland). The MIC was defined as the lowest ex-
tract concentration with 50% reduction in opacity 
compared with the extract-free control. The neg-
ative control, growth control and DMSO control 
were included. 
Cell surface hydrophobicity (CSH) 

The relative cell surface hydrophobicity of 
yeast strains was determined using the Microbial 
Adhesion To Hydrocarbon (MATH) test of Rosen-
berg (Rosenberg, 1984) with modifications. The 
yeasts were cultivated in 6 mL of the MEB medium 
for 48 h at 37°C (Candida strains) or 27°C (Pichia 
strains). After cultivation, cells were centrifuged at 
1500 × g for 3 min and washed twice with phos-
phate-buffered saline (PBS) (Oxoid, Hampshire, 

UK). Yeasts were then resuspended in 6 mL of 4 M 
an Ammonium sulfate (Merck KGaA, Darmstadt, 
Germany) in PBS, which increased the hydrophilic-
ity of the aqueous phase and adjusted to an absor-
bance of 0.7-0.8 at 650 nm (A0). Subsequently, a 
volume of 0.2 mL of xylene (Merck KGaA, Darm-
stadt, Germany) was added to assay tubes contain-
ing 1.4 mL of yeast suspension. A tube without 
the addition of xylene was used as a control. The 
tubes were vortexed for 1 min and left for 15 min 
at room temperature in order to obtain separation of 
the phases. After incubation, a volume of 300 µL 
of the lower aqueous layer was gently removed and 
the absorbance of samples (A) and control (A0) was 
measured at 650 nm. The CSH was assessed using 
the formula: CSH (%) = (1 – A/A0) × 100. The as-
says were performed in triplicates.  
Adhesion assay 

Adhesion assay was performed as previously 
described with a few modifications (Tomičić and 
Raspor, 2017). Prior to testing, strains were grown 
on MEA plates at 37°C (Candida strains) or 27 °C 
(Pichia strains) for 24 h. After the incubation, a 
loopful of actively growing cells was suspended 
in the MEB medium and the concentration of cells 
was determined and adjusted to 1 × 107 cells/mL by 
using the Bürker-Türk counting chamber (Brand, 
Wertheim, Germany). The assay to polystyrene 
surface was initiated by the addition of 200 μL cell 
suspensions into a flat-bottomed 96-well polysty-
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rene microtiter plate (Non-treated, catalog number: 
266120, Nunc, Roskilde, Germany). For adhesion 
assay to stainless steel, five types of discs (5.0 mm 
in diameter and 1.0 mm in thickness) with different 
degrees of surface roughness were used. The discs 
of each type stainless steel were placed on the bot-
tom of Petri plates (30 mm in diameter) and 2 mL 
of cell suspensions prepared as above were pipet-
ted into each plate, covering the discs. The plates 
were incubated for 24 h at 37°C (Candida strains) 
or 27°C (Pichia strains). In all experiments, a pos-
itive (assay medium with yeast strains) and a nega-
tive control (growth medium without yeast strains) 
were included. The experiments were performed 
with twelve replicates.

For adhesion assay with plant extracts, the 
three most adhesive yeast strains were used. Bi-
ofilm was formed on stainless steel (Ra=592 nm) 
discs which were placed on the bottom of Petri 
plates. The assay was initiated by the addition of 2 
mL standardized cell suspensions with or without 
the presence of plant extracts into selected plates, 
which were then incubated for 24 h at 37°C (Can-
dida strains) or 27°C (Pichia strain). In the first 
part of the experiment, in order to investigate the 
presence of inhibitory activity on the first steps of 
biofilm formation, yeast cells were exposed to  dif-
ferent extract concentrations (1/2 × MIC and 1 × 
MIC). In the second part of the experiment, follow-
ing the biofilm formation after 24 h of incubation, 
the medium was aspirated and non-adherent cells 
were removed by washing three times with sterile 
the PBS. Extracts in MEB at different concentra-
tions (1/2 × MIC and 1 × MIC) were added to the 
adherent cells and the plates were incubated for 3 
h. A positive control (assay medium without ex-
tracts and with yeast strains) and a negative con-
trol (growth medium without yeast strains) were 
included in all experiments.  

An amount of yeast cells adhered to the poly-
styrene and stainless steel surfaces was measured 
using the crystal violet (CV) staining method. After 
the incubation period, the cell suspensions were as-
pirated from a 96-well polystyrene microtiter plate 
and Petri plates (30 mm in diameter) with the stain-
less steel discs. The plates were then gently washed 
three times with sterile distilled water to remove 
non-adherent cells and dried with a hair drier for 
10 min. Subsequently, 200 μL of a crystal violet 
(CV, Merck KGaA, Darmstadt, Germany) solu-
tion (0.5%) was added to all wells of polystyrene 
microtiter plate, whereas discs in Petri plates were 
stained with 1 mL of 0.5% CV. After 20 min, the CV 

solution was removed and the plates were gently 
washed three times with sterile distilled water and 
dried for another 10 min with a hair drier. The discs 
from Petri plates were then transferred to a clean 
96-well microtitre plate and 100 µL of 33% acetic 
acid added into each well to release the dye. The 
plates were shaken for 3 min and the contents of the 
walls without stainless steel discs were transferred 
into a new 96-well microtiter plate. The amount of 
adhered cells, that is, the concentration of the re-
leased crystal violet was determined by measuring 
the absorbance (A) at 584 nm using a microplate 
reader (Tecan, Mannedorf/Zurich, Switzerland). 
Statistical analysis

Descriptive statistical analyses for calculat-
ing the means and the standard error of the mean 
were performed using Microsoft Excel software 
(Microsoft Office 2013). All obtained results were 
expressed as the mean ± standard deviation (±SD). 
Statistical analysis was performed using StatSoft 
Statistica, ver. 10 (IBM, Armonk, NY, USA). The 
effect of various factors on yeast adhesion was an-
alysed and the statistical significance determined 
using Analysis of variance (ANOVA) and the post 
hoc Tukey‘s HSD test. For correlations between 
hydrophobicity and adhesion to polystyrene sur-
faces, the regression model was used. A P-value of 
<0.05 was considered statistically significant.

 
Results and Discussion

In the present study, we strictly followed the 
aim to assess the potential of Candida species and 
Picha species to adhere to polystyrene and stain-
less steel surfaces and examined the influence of 
factors such as the cell surface hydrophobicity and 
surface roughness of stainless steel, as well as plant 
extracts on the adhesion of selected yeasts.
Candida spp. and Pichia spp. hydrophobicity and 
its relation with adhesion to polystyrene

Many studies have shown that cell surface 
properties, such as hydrophobicity, play an import-
ant role in the initial phase of microbial adhesion 
(Li, 2003; Brugnoni et al., 2007). The cell sur-
face hydrophobicity (CSH) of Candida and Pichia 
strains was determined by the water-hydrocarbon 
(xylene) biphasic assay (Rosenberg, 1984) in order 
to understand the connection between adhesion and 
hydrophobicity.

The results showed a wide distribution of 
the Candida and Pichia strains over the range of 
hydrophobicity from 10 to 90% as presented in Fig. 
1 (P < 0.05). 

According to the classification suggested by
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Fig. 1. The cell surface hydrophobicity (CSH) of Candida spp. and Pichia spp. (*) was measured according 
to the microbial adhesion to hydrocarbon (MATH) test. Data represent means ± standard deviation of three 
replicates. Different letters (a, b, c, d) mark significant differences among strains (P < 0.05).

Fig. 2. Adhesion of Candida spp. and Pichia spp. (*) to polystyrene was measured using the crystal violet 
test. The experiments were performed with twelve replicates and the arithmetic mean of the absorbance (A) 
values are presented. Different letters (a, b, c, d...) mark significant differences among strains (P < 0.05). 

Li and McLandsborough (1999), the tested strains 
were classified into three groups. The majority of 
strains were strongly hydrophobic (CSH values 
higher than 55%), while C. parapsilosis (ATCC 
22019 and ZIM 2234) and P. membranifaciens ZIM 
2302 were moderately hydrophobic showing CSH 
values between 30% and 54%. On the other hand, 
only the reference strain C. albicans ATCC 10261 
was moderately hydrophilic. Interestingly, the 

highest number of adhered cells was found for C. 
albicans (Fig. 2), which actually had the lowest val-
ue of CSH, these opening the question ofwhether CSH 
is primarily responsible for the potential of adhesion. 

In the present study, CSH is not significant-
ly correlated with the amount of cells adhered to 
polystyrene, highlighting that CSH cannot be con-
sidered as a single predictor for adhesion. Regard-
ing the correlation between CSH and adhesion to 
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polystyrene, the findings of other authors are incon-
sistent (Li, 2003; Silva-Dias et al., 2015). Different 
rankings of hydrophobicity among Candida spe-
cies were already influenced by different quantifi-
cation methodologies, different growth conditions, 
or different temperatures (Gallardo-Moreno et al., 
2003; Silva-Dias et al., 2015). In our research, cell 
surface hydrophobicity (CSH) was demonstrated 
using microbial adhesion to hydrocarbon (MATH) 
test, which is today considered as the method of 
choice for this type of measurements. 

In this part of the study, we also evaluated the 
potential of adhesion of Candida and Pichia strains 
to a polystyrene surface. The results of the extent 
of adhesion of Candida and Pichia strains to poly-
styrene obtained by using the crystal violet staining 
method are presented in Fig. 2. It was evident that 
all Candida and the majority of Pichia strains were 
able to adhere to polystyrene, although differences 
were observed according to species and strains. We 
verified that C. albicans showed the highest extent 
of adhesion to polystyrene and stainless steel sur-
faces followed by the other tested species: C. gla-
brata, C. krusei and C. parapsilosis. Comparatively 
to non-albicans Candida strains, C. albicans was 
already characterized as displaying higher adhe-
sion ability and efficiency of infection (Hawser and 
Douglas, 1994; Kuhn et al., 2002), which has been 
connected to adhesins like Als1, Als3, and Hwp1 
(Nobile and Mitchell, 2006; Tronchin et al., 2008). 
Regarding Pichia species, only strain P. membrani-
faciens ZIM 2302 was completely non-adhesive. It 
has also been observed that strains of C. glabrata, 
C. parapsilosis and P. membranifaciens showed a 
high degree of heterogeneity within the species in 
their ability to adhere to polystyrene. With this, we 
confirmed intraspecies variation by C. glabrata and 
C. parapsilosis regarding adherence to different 
biomaterials (Luo and Samaranayake, 2002; Silva 
et al., 2010). 
Adhesion of Candida spp. and Pichia spp. to stain-
less steel is influenced by surface roughness 

Figure 3 presents the results of the adhesion 
of Candida spp. and Picha spp. to stainless steel 
(type AISI 304) with different degrees of surface 
roughness (Ra = 25.20 – 961.90 nm), obtained by 
using the crystal violet staining method. It was ob-
served that different species showed variation in 
their adhesion ability. The strongest adhesion abili-
ty showed C. albicans followed by C. glabrata, C. 
krusei and C. parapsilosis (P < 0.05), which is in 
agreement with the results of adhesion on the poly-
styrene surface shown in Fig. 2. Regarding Pichia 

species, P. membranifaciens were less adherent to 
stainless steel in comparison with P. pijperi (P < 
0.05). High intraspecies variability was also indi-
cated. 

Fig. 3. Adhesion of Candida spp. and Pichia spp. 
to stainless steel with different degrees of surface 
roughness (Ra) was measured using the crystal 
violet test. The experiments were performed with 
twelve replicates and the arithmetic mean of the ab-
sorbance (A) values are presented. Different letters 
(a, b, c, d...) mark significant differences among 
Ra for each strain, while different letters (A, B, C, 
D…) indicate that there is a significant difference 
among Candida species at the same Ra. The aster-
isks (*) mark significant differences among Pichia 
strains at the same Ra (P < 0.05). Unmarked terms 
are not significant.

One of the important factors for adhesion 
is surface roughness as shown in this study (Fig. 
3), which is also observed by others (Ortega et al., 
2008; Bohinc et al., 2014). The results showed that 
the surface roughness of stainless steel  influenced 
the adhesion of the majority of strains, which was 
especially evident for C. albicans ATCC 10261, C. 
glabrata ZIM 2382 and all strains of the genus Pi-
chia (P < 0.05), while on the strains ZIM 2367 and 
ZIM 2014 did not have any impact (P > 0.05). This 
indicates that some irregularities on the surface can 
provide protection to the cells, and may also be as-
sociated with problems in surface cleaning (Korber 
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et al., 1997), resulting in rapid re-growth of a bio-
film.
Antimicrobial activity of plant extracts 

The abundance of unwanted yeast growth 
in food processing plants can lead to problems in 
quality and safety with significant economic loss-
es. Contamination of food and spoilage by yeast is 
a problem that needs to be controlled adequately 
(Loureiro, 2003; Querol and Fleet, 2006), therefore 
searching for new agents that can inhibit the growth 
and development of yeast biofilms are needed. 
The use of plant extracts with known antimicrobi-
al properties can be of great significance in food 
preservation. Taking this into account, this part of 
the study was carried out to assess the antifungal 
properties of plant extracts such as H. lupulus, A. 
katsumadai and E. rutaecarpa against C. albicans, 
C. glabtata and P. membranifaciens and its biofilm.  

The in vitro antimicrobial activity of plant ex-
tracts against yeasts was determined according to 
the CLSI method. The Minimal inhibitory concen-
tration (MIC) was defined as the lowest concentra-
tion of plant extract that inhibited the visible growth 
of test yeast by 50% compared to positive control. 

As presented in Fig. 4., the MIC values varied from 
100 to 400 μg/mL. 

The potential for antimicrobial activity of H. 
lupulus, A. katsumadai and E. rutaecarpa extracts 
has hardly been investigated, with studies reported 
only for bacteria (Bezek et al., 2016; Klančnik et 
al., 2012; Kramer et al., 2014). With specific refer-
ence to C. albicans, C. glabrata and P. membrani-
faciens, no antimicrobial activities have been previ-
ously reported for these extracts. According to the 
MIC values (Fig. 4), H. lupulus, A. katsumadai and 
E. rutaecarpa extracts were effective in the inhibi-
tion of tested yeasts, which indicates that H. lupu-
lus, A. katsumadai and E. rutaecarpa are promising 
plants with antifungal activities against C. albicans, 
C. glabrata and P. membranifaciens.  
The effect of plant extracts on yeasts C. albicans, C. 
glabrata and P. membranifaciens biofilm

Based on the results of the antimicrobial ac-
tivity of plant extracts, concentrations correspond-
ing to 1/2 × MIC and 1 × MIC were selected in 
order to examine their effect on the initial phase of 
biofilm formation and preformed biofilms. 

Fig. 4. Antimicrobial activity of the extracts H. lupulus (A), A. katsumadai (B) and E.  rutaecarpa (C) 
against C. albicans ATCC 10261, C. glabrata ZIM 2369 and P. membranifaciens ZIM 2417. The exper-
iments were performed with eight replicates and the arithmetic mean of the absorbance (A) values were 
used. The asterisks (*) mark the value of the minimal inhibitory concentration (MIC).
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According to our knowledge, no study has 
been performed so far on the extracts of H. lupulus, 
A. katsumadai and E. rutaecarpa that may inhibit 
biofilm formation of C. albicans, C. glabrata and P. 
membranifaciens to stainless steel surfaces. There-
fore, this part of the study was initiated to evaluate 
the effect of these extracts on biofilm formation by 
adding different concentrations (1/2 × MIC and 1 
× MIC) of the extracts immediately at the start of 
the experiment or after 24 h of biofilm formation 
for 3 h. The effect of extracts on the initial phase of 
biofilm formation and preformed biofilms was de-
termined using the crystal violet staining method.  

Based on the findings in this part of the study, 
the extracts of H. lupulus, A. katsumadai and E. ru-
taecarpa exhibited the highest antibiofilm activity 
against C. albicans (Fig. 5). This suggests that ac-
tive components of these extracts have strong po-
tential to affect C. albicans biofilm formation. As 
reported before by Bezek et al. (2016) (Bezek et 
al., 2016), E. ruticarpa fruit ethanol extract (EREE) 
and its fractions had the ability to inhibit Campylo-
bacter jejuni adhesion and biofilm formation with 
the most visible effect of the quinolinone alkaloid 
fraction. Pogačar et al. (2015)  showed that a chem-
ically characterized extract (seed ethanol extract, 
SEE) and its residual material of hydrodistillation 
(hdSEE-R) from A. katsumadai seeds had the most 
significant antiadhesion activity against C. jejuni to 

the PSI cl 1 cells. In our contribution, A. katsuma-
dai was also effective in the initial phase of biofilm 
formation of C. glabrata (Fig. 5), which is not the 
case with the preformed biofilm. 

This highlights that the yeast cells in a biofilm 
are more resistant to antimicrobial agents compared 
to planktonic cells. The inability of antimicrobial 
agents to remove established biofilms has been ob-
served previously (Sandasi et al., 2010; Adukwu et 
al., 2012). In general, our results clearly demon-
strate that plant extracts were the most effective 
against C. albicans in comparison to C. glabrata. 
Regarding P. membranifaciens, it was found that A. 
katsumadai and E. rutaecarpa extracts significant-
ly increased biofilm formation at a concentration of 
1/2 × MIC. A. katsumadai extract also had a slight 
stimulative effect on the preformed 24 h biofilms 
after 3 h exposure. These results are supported by 
the study of Sandasi et al. (2010), in which some 
extracts promote the growth and development of a 
preformed L. monocytogenes biofilm in vitro. The 
enhanced biofilm development observed upon ex-
posure to some extracts in this study may be be-
cause of the presence of certain compounds within 
the extracts that favor the development of these bio-
films. Some natural compounds have been reported 
to promote microbial adhesion (Ofek et al., 2003; 
Sandasi et al., 2008).

Fig. 5. The antibiofilm activity of plant extracts against C. albicans ATCC 10261, C. glabrata ZIM 2369 
and P. membranifaciens ZIM 2417 to the surface of stainless steel. The effect of plant extracts at different 
concentrations (1/2 × MIC and 1 × MIC) on the initial phase of biofilm formation (A) and preformed 24 h 
biofilms with a 3 h exposure (B). The extent of biofilm formation was measured by the Crystal violet assay. 
The experiments were performed with ten replicates and the arithmetic mean of the absorbance (A) values 
were used. Each bar represents the mean ± standard deviation (SD). * P < 0.05 versus control.
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Conclusions
In conclusion, this work demonstrates that 

the tested Candida and Pichia strains were able to 
adhere to the polystyrene and stainless steel surfac-
es (type AISI 304). This is of significance with re-
spect to food quality and safety because it indicates 
that the attachment of Candida spp. and Pichia spp. 
to food-contact surfaces may play an important 
role in their enhanced persistence through adequate 
machinery and devices in food and medical envi-
ronment. Our results also emphasize the significant 
potential of A. katsumadai, E. rutaecarpa and H. 
lupulus extracts as antifungal agents. The results 
show that plant extracts were efficient to inhibit the 
initial stage of biofilm formation as well as already 
preformed biofilm of C. albicans. Although A. kat-
sumadai was able to inhibit cell attachment of C. 
glabrata, the inhibition of growth in a preformed 
biofilm was not as efficient as expected. We found 
that P. membranifaciens tolerates well extracts in 
biofilm formation, and although from the MIC pro-
file we expected biofilm reduction, to our surprise 
the extract even stimulated the biofilm formation 
and growth. The reason why P. membranifaciens 
tolerates much better the same extracts which inhib-
it C. albicans may be connected to the natural sur-
roundings of P. membranifaciens, which is still in 
the nature exposed to those compounds. Although 
a preventive effect of the tested plant extracts has 
been shown, further studies would be needed for 
the purpose of isolation and identification of the 
constituents which exhibit antibiofilm properties 
that might be essential to include as alternatives in 
the control of biofilms.
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