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Abstract

Table olives, particularly traditionally fermented cracked-style green olives, rely on natural
microbial activity without chemical debittering, with fungi playing key roles; in contrast,
arbutus berry fermentation remains less characterized in terms of microbial functionality.
This study investigated the enzymatic and antibacterial potential of fungal isolates from
both systems. A total of 84 isolates belonging to Aureobasidium, Candida, Cryptococcus,
Saccharomyces, Pichia, Issatchenkia, Torulaspora, and Sporobolomyces were screened for hy-
drolytic enzymes (pectinases, amylases, cellulases, xylanases, lipases, proteases, tannases,
and β-glucosidases) using selective media, and for antibacterial activity against major
foodborne pathogens. Isolates from arbutus fermentation showed no relevant enzymatic
or antibacterial ability. In contrast, several isolates from olive fermentation exhibited sig-
nificant functional traits. Aureobasidium pullulans demonstrated broad enzymatic capacity,
producing amylases, esterases, and tannases, along with lipid hydrolysis, but also ex-
pressed cellulase, pectinase, and protease abilities. Cryptococcus spp. displayed interesting
profiles, with low cellulolytic and pectinolytic capacity and higher phenolase, esterase, and
lipase capacities. Antibacterial activity was observed exclusively against Gram-positive
bacteria, particularly Staphylococcus aureus and Listeria monocytogenes, mainly among Can-
dida membranifaciens, Cryptococcus spp., and A. pullulans. Overall, table olive fermentation
isolates showed promising biotechnological potential for food preservation and quality
enhancement, whereas arbutus isolates appeared to have limited functional relevance.

Keywords: table olives; arbutus berry; anti-Staphylococcus aureus; anti-Listeria monocytogenes;
Aureobasidium pullulans; Cryptococcus spp.; Candida membranifaciens

1. Introduction
Ensuring food preservation remains a major challenge for the food industry, especially

given the need to inhibit the growth of spoilage and pathogenic microorganisms while
preserving product quality and safety throughout their shelf life [1,2]. Conventional strate-
gies typically rely on thermal processing and low concentrations of chemical preservatives.
However, rising microbial resistance to these agents, growing consumer demand for min-
imally processed foods, stricter regulations on the use of preservatives, and the sensory
and nutritional losses caused by heat treatments have all driven the search for safer, more
natural alternatives [3,4].
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In this context, biopreservation has emerged as a promising strategy that uses microor-
ganisms or their metabolites to inhibit undesirable microbiota. This approach is particularly
relevant in foods with reduced levels of salt, sugar, fat, or acid, where traditional preserva-
tion hurdles are less effective. Among bioprotective agents, lactic acid bacteria (LAB) have
been extensively studied due to their ability to produce organic acids, hydrogen peroxide,
and bacteriocins, as well as to compete for nutrients, thereby inhibiting pathogenic and
spoilage microorganisms. These mechanisms often act synergistically, creating an envi-
ronment unfavorable to undesirable microbes while preserving sensory and nutritional
attributes [1,5].

In contrast, yeasts have received less attention for their antibacterial properties against
pathogenic bacteria, even though their antagonistic effects against other yeasts and fungi
have been known since the 1960s [6]. These effects are largely mediated by killer toxins,
proteinaceous or glycoprotein compounds secreted by specific yeast strains that inhibit or
kill susceptible yeasts, molds, and even bacteria, while being harmless to the producing
organism due to intrinsic immunity mechanisms. Due to their biochemical diversity and
broad spectrum of activity, killer toxins have attracted growing interest across multiple
fields, from food preservation and fermentation control to medical and biotechnological
applications [7–10].

Despite these promising attributes, the antibacterial potential of yeasts remains limited
to specific strains and conditions, highlighting an important gap in current knowledge.
Classic studies such as Goerges et al. [11] and Waema, Maneesri, and Masniyon [8] show
that only a subset of food-derived yeasts inhibit pathogens, including Escherichia coli,
Salmonella enterica serovar Typhimurium, Staphylococcus aureus, Listeria monocytogenes, and
Bacillus cereus. Gil-Rodríguez and Garcia-Gutierrez [12] reported that only 8.7% of 103 wine
yeasts exhibited antibacterial activity. Merchán et al. [13] highlighted that among 54 cheese
isolates, only 16 showed inhibition, with no effect on Listeria monocytogenes and positive
results confined to species, such as Pichia fermentans. Collectively, these studies suggest
that antibacterial activity is highly strain-dependent and influenced by environmental
conditions, reinforcing the need for targeted screening of yeast biodiversity.

Table olives, especially the traditionally fermented cracked-style green olives in Portu-
gal, are produced without chemical debittering and depend on microbial activity, with fungi
playing key roles. These microorganisms contribute to flavor development by producing
volatile compounds (e.g., alcohols, aldehydes, esters), promote the growth of LAB by de-
grading phenolic compounds, and enhance microbial stability [14,15]. Certain yeast species
have also demonstrated technological potential, including Yarrowia lipolytica, which can
inhibit spoilage molds [16], and Wickerhamomyces anomalus and Kluyveromyces lactis, which
combine β-glucosidase activity with tolerance to high salt concentrations, contributing to
both debittering and fermentation control [17,18].

Moreover, the functional relevance of wild yeasts in olive fermentation has been
increasingly recognized. Selected strains of K. lactis and W. anomalus not only contribute
to debittering and microbial control but also enrich the volatilome of fermented olives by
producing desirable aromatic compounds such as esters, higher alcohols, and aldehydes,
without compromising phenolic content [18]. Moreover, W. anomalus exhibits strong biofilm-
forming capacity on olive surfaces, a trait associated with stable colonization and sustained
metabolic activity during fermentation [19]. These findings underscore the relevance of
strain-specific metabolic traits in shaping both microbiological safety and sensory profiles
of fermented foods.

Beyond table olive fermentation, similar functional diversity has been reported in other
natural fermentation systems. Indigenous Saccharomyces and non-Saccharomyces yeasts iso-
lated from natural grape fermentations have been shown to exhibit high enzymatic activity
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(including esterases and β-glucosidases), as well as robust ethanol production and aro-
matic compound synthesis, reinforcing their value in natural or guided fermentations [20].
This supports the view that yeast communities from traditional fermentations represent
reservoirs of biotechnologically valuable traits.

In parallel, the fermentation of arbutus berry (Arbutus unedo L.) represents an arti-
sanal process driven by indigenous microbiota, yet still poorly characterized. The arbutus
berry, fruit of the strawberry tree, is native to the Mediterranean and especially common
in Portugal’s Algarve region. The fruit is fleshy, red when ripe, and rich in sugars and
phenolics, making it suitable for fermentation. In Portugal, arbutus berries are tradition-
ally used in the artisanal production of arbutus brandy, which has been recognized by
the European Union since 1989. This fermentation is associated with high variability
in product quality, partly due to the lack of controlled starter cultures and the presence
of diverse microbial populations during early stages [21]. Although fungi diversity in
this system has been described, including Aureobasidium, Candida, Cryptococcus, Hansenias-
pora, Lachancea, Issatchenkia, Metschnikowia, Pichia, Saccharomyces, and Torulaspora [21], their
functional roles—particularly regarding antimicrobial and enzymatic capacities—remain
largely unexplored.

Considering the diversity of fungi present in fermented foods and their metabolic
potential, this study aimed to perform an exploratory screening of the enzymatic and an-
tibacterial potential of fungal isolates from table olive and arbutus berry fermentations. The
study focused on identifying hydrolytic capacities of biotechnological relevance, includ-
ing proteolytic, lipolytic, esterase, xylanolytic, pectinolytic, and phenolase activities, and
assessing the inhibitory capacity of these isolates against Listeria innocua (L. innocua) and
some major foodborne pathogens, such as Escherichia coli (E. coli), Salmonella enterica serovar
Typhimurium (S. Typhimurium), Cronobacter sakazakii (C. sakazakii), Listeria monocytogenes
(L. monocytogenes), and Staphylococcus aureus (S. aureus). A comprehensive understanding of
their physiological profiles may support the selection of strains with potential applications
in food preservation, quality enhancement, and consumer health promotion.

2. Materials and Methods
2.1. Microorganisms and Maintenance

A total of 84 fungal strains were included in this study, comprising 37 fungi isolated
from olive fermentations [22] and 47 from arbutus berry fermentations [21]. The isolates
from olive fermentations were taxonomically distributed as follows: Pichia guilliermondii
(Meyerozyma guilliermondii) (n = 2), Cryptococcus sp. (n = 5), Cryptococcus carnescens (n = 4),
Aureobasidium pullulans (n = 7), Candida fermentati (n = 1), Candida membranifaciens (n = 17),
and Sporobolomyces odoratus (n = 1). And the isolates from arbutus berry fermentations
were: Pichia membranifaciens (n = 9), Saccharomyces cerevisiae (n = 33), Issatchenkia orientalis
(Pichia kudriavzevii) (n = 4), and Torulaspora delbrueckii (n = 1).

In addition, seven bacterial strains were used as target pathogens in antibacterial
assays: E. coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), L. monocytogenes (UAlg
Collection), S. Typhimurium (ATCC 14028), S. aureus (ATCC 25923), C. sakazakii (ATCC
BA894), and L. innocua (CECT 910). Fungi were routinely cultured on yeast malt agar (YM)
(Himedia, Mumbai, India) at 25 ◦C for 48 h, while bacteria were grown on tryptic soy agar
(TSA) (Scharlau, Barcelona, Spain) at 37 ◦C for 24 h. Fresh cultures (48 h for fungi and 24 h
for bacteria) were used for all experiments.

2.2. Antibacterial Activity

The antibacterial activity of fungi against pathogenic bacteria was assessed using a
modified version of the method described by Santo et al. [21]. Bacterial suspensions were
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prepared from 24-h cultures incubated at 37 ◦C and adjusted in Ringer’s solution (Oxoid,
Basingstoke, UK) to a turbidity equivalent to the 0.5 McFarland standard, corresponding to
approximately 1.5 × 108 CFU/mL. These suspensions were then evenly spread onto tryptic
soy agar (TSA) (Scharlau) plates supplemented with 1% glucose (Himedia) and 1% yeast
extract (Biokar Diagnostics, Adana, Turkey), and containing total NaCl (Merck, Darmstadt,
Germany) concentrations of 0.8%, 4%, and 6%, using sterile swabs.

Onto the freshly inoculated bacterial lawn, portions of fungal biomass obtained from
48-h cultures grown at 25 ◦C were transferred using a sterile inoculation loop (Figure 1). The
plates were incubated in two stages: initially for 24 h at 25 ◦C to support the growth of both
microorganisms, followed by incubation at 20 ◦C to favor the production of antibacterial
compounds by the fungi. The antibacterial activity results were evaluated after 24, 48, and
120 h of incubation. All assays were performed in triplicate.

 
Figure 1. Example of the antibacterial assay procedure: fungi biomass inoculated over a bacterial lawn.

Antibacterial activity was classified using predefined qualitative inhibition thresholds
as part of an exploratory screening approach intended to categorize isolates according to
inhibitory potential rather than to quantitatively compare halo diameters among strains. To
ensure reproducibility, only inhibitory effects consistently detected in all three independent
replicates were recorded as positive. The influence of salt concentration (0.8%, 4%, 6%) and
incubation time on the qualitative antibacterial activities of fungi strains isolated from olive
and arbutus berry fermentations was monitored throughout the assay period.

2.3. Enzymatic Capacity

The extracellular enzymatic capacities of each fungal isolate used in this study were
determined according to the specific enzymatic capacity under investigation. The pH of
all culture media was adjusted to 5.5 ± 0.25. Each culture medium was radially streak-
inoculated with fungal from 48-h cultures incubated at 25 ◦C, and the plates were then
incubated at 25 ◦C for 6 days.

2.3.1. Amylase Capacity

• Starch Medium: It contained 0.2% (w/v) soluble starch (Riedel-de Haën, Seelze, Ger-
many), 2% (w/v) agar (JMVP, Sintra, Portugal), and 0.67% (w/v) Yeast Nitrogen
Base (YNB) (Remel, Lenexa, KS, USA). Starch and agar were autoclaved; YNB was
filter-sterilized and aseptically added before pouring. After 6 days of incubation, the
medium was flooded with Lugol’s iodine solution (Riedel-de Haën) (1% (w/v) iodine
and 2% (w/v) potassium iodide) for 1 min and then drained. Starch degradation was
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indicated by the formation of a yellowish halo around the colonies, while the intact
starch in the medium turned dark blue [23].

2.3.2. β-glucosidase Capacity

• Arbutin Medium: It contained 0.5% arbutin (Sigma-Aldrich, Steinheim, Germany), 2%
(w/v) agar, 0.67% (w/v) YNB, and 2% (w/v) of a 1% (w/v) ferric ammonium citrate
solution (Fluka, St Louis, MO, USA). YNB and the citrate solution were filter-sterilized
and added after autoclaving. Strains capable of hydrolyzing the substrate produced a
dark brown coloration around their colonies [24].

2.3.3. Cellulase Capacity

• Cellulose Medium: It contained 0.5% (w/v) carboxymethylcellulose (CMC) (Fluka),
2% (w/v) agar, and 0.67% (w/v) YNB. CMC and agar were autoclaved; YNB was
filter-sterilized and added aseptically. After 6 days of incubation, the medium surface
was soaked with sterile deionized water for 1 min, drained, and then flooded with
a 0.03% (w/v) Congo Red (Sigma-Aldrich) solution for 15 min. After removing the
dye, the medium was flooded with 1 M NaCl solution for 15 min and drained again.
Hydrolysis zones appeared as pale-yellow halos, while the presence of non-degraded
CMC was indicated by the red coloration of the medium [25].

2.3.4. Pectinase Capacity

• Pectin Medium: It contained 0.5% (w/v) pectin (Fluka), 2% (w/v) agar, and 0.67%
(w/v) YNB. Pectin and agar were autoclaved; YNB was filter-sterilized and added
aseptically. After incubation, plates were stained with 0.05% (w/v) Ruthenium Red
(Sigma-Aldrich) at 4 ◦C for 2 h. The dye was then removed, and the surface rinsed
with cold distilled water for 15 min. Decolorization around colonies indicated pectin
lyase activity [25].

2.3.5. Xylanase Capacity

• Xylan Medium: It contained 0.5% (w/v) xylan (Sigma-Aldrich), 1.5% (w/v) malt extract
(Scharlau), and 2% (w/v) agar. The mixture was autoclaved and poured into Petri
dishes. Transparent halos indicated enzymatic degradation of xylan [24].

2.3.6. Phenolase Capacity

• Tannic Acid Medium: It consisted of 1.5% (w/v) malt extract (Scharlau), 2% (w/v) agar,
and 0.5% (w/v) tannic acid (Merck). Malt extract and agar were autoclaved; tannic
acid was filter-sterilized and added aseptically. Clear halos around colonies indicated
hydrolysis [26].

• Oleuropein Medium: It contained 0.5% (w/v) oleuropein (Sigma-Aldrich) and 0.67%
(w/v) YNB. Both components were filter-sterilized and distributed into sterile tubes.
Strains capable of utilizing the substrate for growth cause turbidity in the liquid
medium, as YNB alone is not sufficient to support growth [27].

2.3.7. Esterase Capacity

• Tween 80 Medium: It contained 1% (w/v) peptone (Biokar Diagnostics), 0.5% (w/v) NaCl,
0.01% (w/v) CaCl2 (Riedel-de Haën), 2% (w/v) agar, and 1% (w/v) Tween 80 (Scharlau).
Tween 80 was pre-boiled and added aseptically to the autoclaved medium. Precipitate
formation around colonies indicated esterase activity, as fatty acids were released.
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2.3.8. Lipase Capacity

• Olive Oil Medium: It consisted of 1% (w/v) peptone (Biokar Diagnostics), 0.5% (w/v)
NaCl, 0.1% (w/v) glucose, 2% (w/v) agar, and 5% (w/v) low-acidity olive oil. Olive oil
was boiled, agitated, and added aseptically after autoclaving. After incubation, plates
were flooded with saturated copper sulfate (Merck) solution for 15 min and chilled for
1 h. Dark blue colonies indicated lipid hydrolysis [27].

2.3.9. Protease Capacity

• Milk Agar: It consisted of 4% (w/v) TSA and 10% (w/v) skimmed powdered milk. TSA
was autoclaved at 121 ◦C for 15 min; milk was autoclaved at 118 ◦C for 10 min. Both
were aseptically mixed and poured into plates. Transparent halos indicated casein
degradation [24].

• Gelatin Medium: It contained 2.3% (w/v) nutrient agar (Oxoid) and 0.5% (w/v) gelatin
(Condalab, Madrid, Spain). Both solutions were autoclaved separately and mixed
aseptically before pouring. After incubation, plates were flooded with saturated
ammonium sulfate for 2 min. Transparent zones indicated proteolytic activity [28].

The reagents used in the study were analytical grade and obtained from various
commercial sources.

3. Results
3.1. Antibacterial Activity

The results of the antibacterial activity assay of fungal isolates against pathogenic
bacteria were evaluated at 24, 48, and 120 h and classified as follows: negative (−), when
no inhibition halo was observed; weak (+/−), when the halo diameter was less than
13 mm; moderate (+), when the halo diameter ranged between 13 and 16 mm; and strong
(++), when it exceeded 16 mm. Fungal isolates obtained from arbutus berry fermentation
exhibited no antibacterial activity against any of the tested pathogenic bacteria. In contrast,
fungal isolates from olive fermentation showed inhibitory effects exclusively against Gram-
positive bacteria (L. monocytogenes, L. innocua, and S. aureus). Notably, only two out of seven
Aureobasidium pullulans strains (strains 7 and 20) inhibited L. monocytogenes and L. innocua,
and both exhibited strong (++) activity (Figure 2).

 
Figure 2. Representative result of the antibacterial assay: strong activity (halo diameter > 16 mm) of
A. pullulans against L. monocytogenes at 6% NaCl.

Anti-S. aureus activity was the most frequently observed antibacterial effect among
isolates from olive fermentation (Table 1), although none of the strains exhibited strong
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inhibition. Specifically, three out of five Cryptococcus sp. strains (12, 15, and 16) and 16 out
of 17 Candida membranifaciens strains (except strain T) inhibited S. aureus. A distinct time-
and concentration-dependent inhibition pattern (i.e., +, +/−, and −) at 0.8% NaCl was
exclusively observed in A. pullulans strains (7 and 20), and consistently across all susceptible
target bacteria (S. aureus, L. monocytogenes, and L. innocua).

Table 1. Antibacterial activity of isolates from table olive fermentation against Staphylococcus aureus *.

Fungi Strain
Code

0.8% NaCl 4% NaCl 6% NaCl

24 h 48 h 120 h 24 h 48 h 120 h 24 h 48 h 120 h

Cryptococcus sp. A − − − − − − − − −
Aureobasidium pullulans B − − − − − − − − −

Candida fermentati C − − − − − − − − −

Candida membranifaciens

D, G-Q,
22–24,
26–27,
29–31

+ + + + + + + + +/−

Sporobolomyces odoratus F − − − − − − − − −
Candida membranifaciens T − − − − − − − − −
Cryptococcus carnescens 1 − − − − − − − − −
Aureobasidium pullulans 2 − − − − − − − − −
Cryptococcus carnescens 3–4 − − − − − − − − −
Aureobasidium pullulans 5 − − − − − − − − −
Aureobasidium pullulans 7 + +/− − + + + + + +/−

Cryptococcus sp. 8 − − − − − − − − −
Aureobasidium pullulans 10 − − − − − − − − −

Cryptococcus sp. 12, 15, 16 + + + + + + + + +/−
Aureobasidium pullulans 18 − − − − − − − − −
Aureobasidium pullulans 20 + +/− − + + + + + +/−
Cryptococcus carnescens 32 − − − − − − − − −

Pichia guilliermondii 34–35 − − − − − − − − −
* Symbols denote antibacterial activity as follows: (−) no inhibition halo was observed; (+/−) weak, when the halo
diameter was less than 13 mm; (+) moderate, when the halo diameter ranged between 13 and 16 mm < 13 mm.

Regarding the effect of salt concentration and incubation time, the growth of the target
bacteria was strongly influenced by NaCl levels. E. coli failed to grow in media containing
6% NaCl, whereas Pseudomonas aeruginosa exhibited growth only after 48 h at 25 ◦C in 4%
NaCl and was completely inhibited at 6%. Similarly, S. Typhimurium, L. monocytogenes, and
L. innocua only showed detectable growth after 48 h in the presence of 6% NaCl, indicating
a clear delay or suppression of growth under high-salt conditions.

In terms of antibacterial activity, inhibition of L. monocytogenes and L. innocua increased
with salt concentration, being classified as weak at 0.8% NaCl, moderate at 4%, and strong
at 6%. In contrast, against S. aureus (Table 1), moderate inhibition was consistently observed
across all salt concentrations and incubation times, except at 6% NaCl after 120 h, where a
reduction in the inhibition halo was detected.

3.2. Enzymatic Capacity

The results of the enzymatic capacity of isolates obtained from table olive or arbutus
berry fermentations were categorized as follows: negative (−), when no substrate utiliza-
tion was observed; weak (+/−), when substrate degradation by the yeast was minimal;
and positive (+), when there was clear evidence of substrate utilization. Yeast isolates
from arbutus berry fermentation exhibited enzymatic activity only for the hydrolysis of
arbutin and cellulose. Among them, only 2 of 33 Saccharomyces cerevisiae strains and 1 of 4
Issatchenkia orientalis strains exhibited β-glucosidase activity by hydrolyzing arbutin. Cellu-
lose hydrolysis was observed in just 4 strains of S. cerevisiae. However, all detected activities
were classified as weak (Figure 3).
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Figure 3. Representative detection of (a) β-glucosidase and (c) cellulase activities in yeast isolates from
arbutus berry fermentation, showing weakly positive reactions (a,c) compared to strong reactions
(b,d) in arbutin and cellulose media, respectively.

No enzymatic activity was observed in gelatin and xylan media for any of the tested
isolates. Additionally, as yeast isolates from arbutus berry fermentation exhibited little to
no detectable enzymatic activity overall, Table 2 summarizes only the results obtained for
the remaining culture media and for isolates derived from table olive fermentation. Marked
variability in enzymatic profiles was observed among the olive-derived isolates. A. pullulans
strains consistently exhibited the broadest range of capacities, including amylolytic (starch),
β-glucosidase (arbutin), cellulolytic, pectinolytic, phenolytic (tannic acid), oleuropeinolytic,
and proteolytic (milk) activities, as well as esterase activity (Tween 80) and, in some strains,
lipolytic activity in olive oil. In contrast, C. membranifaciens strains showed no detectable
enzymatic activity in any of the tested media.

Intermediate and more variable profiles were observed for other genera. Cryptococcus
spp. and Cryptococcus carnescens showed limited activity, with some strains displaying
oleuropein hydrolysis and lipid-related activities, while cellulolytic activity was weak or
absent. Sporobolomyces odoratus showed only weak pectinolytic activity, whereas Candida
fermentati and Pichia guilliermondii were characterized by restricted enzymatic profiles, with
activity mainly limited to oleuropein hydrolysis. Overall, the results indicate that enzymatic
capabilities among the isolates were species- and strain-dependent, with a predominance
of activities related to phenolic compound transformation and lipid metabolism, while
polysaccharide- and protein-degrading activities were less widespread.

Figure 4 provides an integrated heatmap overview of the antibacterial and enzymatic
profiles of the isolates from olive fermentation, enabling comparative visualization of
multifunctional traits across taxa. Considerable interspecific variability was observed. A.
pullulans exhibited the broadest functional profile, combining antibacterial activity against
L. monocytogenes and L. innocua with multiple enzymatic abilities, including amylase,
β-glucosidase, esterase, lipase, and pectinase.
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Table 2. Enzymatic capacity profiles of isolates from table olive fermentation based on substrate hydrolysis *.

Fungi Strain
Code Starch Arbutin Cellulose Pectin Tannic

Acid Oleuropein Tween
80

Olive
Oil Milk

Cryptococcus sp. A − − +/− − − + + + −
Aureobasidium pullulans B + + + + + + +/− − +

Candida fermentati C − − − − − + − − −

Candida
membranifaciens

D, G-T,
22–24,
26–27,
29–31

− − − − − − − − −

Sporobolomyces odoratus F − − − +/− − − − − −
Cryptococcus carnescens 1 − − + − − − + + −
Aureobasidium pullulans 2 + + + + + + +/− − +
Cryptococcus carnescens 3–4 − − +/− − − + + + −
Aureobasidium pullulans 5 + + + + + + +/− + +
Aureobasidium pullulans 7 + + + + + + +/− + +

Cryptococcus sp. 8 − − − − − + + + −
Aureobasidium pullulans 10 + + + + + + +/− + +

Cryptococcus sp. 12, 15, 16 − − − − − − − − −
Aureobasidium pullulans 18 + + + + + + +/− − +
Aureobasidium pullulans 20 + +/− + + + + +/− − +
Cryptococcus carnescens 32 − − − +/− − + + + −

Pichia guilliermondii 34–35 − − − − − + − − −
* Symbols denote substrate degradation as follows: (−) no activity detected; (+/−) weak activity; (+) clear
substrate degradation.

 

Figure 4. Heatmap summarizing the antibacterial and enzymatic profiles of fungal species isolated
from olive fermentation. The number of isolates for each species is given in parentheses. Color
intensity represents the proportion (%) of isolates within each species exhibiting positive activity for
the corresponding antibacterial or enzymatic trait. Percentages were calculated based on the total
number of isolates belonging to each species.
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In contrast, C. membranifaciens showed high antibacterial activity against S. aureus (94%
of strains) but no detectable enzymatic activity under the tested conditions. Other species
displayed more restricted profiles. Cryptococcus spp. and C. carnescens exhibited enzymatic
activities mainly related to lipid and phenolic compound transformation, with limited or
no antibacterial activity. Likewise, S. odoratus, C. fermentati, and P. guilliermondii showed
narrow enzymatic profiles and no antibacterial effects.

Additionally, the heatmap highlights the distinct functional specialization patterns
among the fungal taxa, suggesting that antibacterial and enzymatic traits were not uni-
formly distributed across species. While some taxa exhibited predominantly antagonistic
behavior (e.g., C. membranifaciens), others displayed mainly metabolic and hydrolytic ca-
pacities with limited antibacterial effects (e.g., Cryptococcus spp. and C. carnescens). This
functional compartmentalization reinforces the ecological diversity of olive-associated
fungi and suggests that different taxa may contribute to fermentation through complemen-
tary mechanisms, including pathogen suppression, substrate biotransformation, and the
release of aroma precursors.

4. Discussion
4.1. Antibacterial Activity

The antibacterial activity observed in the present study reinforces the recognized
multifunctional role of yeasts in table olive fermentations. Previous studies have demon-
strated that yeast populations significantly influence microbial community dynamics and
volatilome composition during spontaneous fermentations, ultimately affecting product
quality and safety [29]. Moreover, wild yeast starters have been shown to modulate pheno-
lic compounds and volatile profiles, contributing to microbial inhibition and fermentation
stability [18]. Selected yeast strains have also been identified as effective biopreservative
agents that inhibit foodborne pathogens and promote microbial stability during olive
fermentation [19]. In this context, the antibacterial activity exhibited by isolates, such as
Aureobasidium pullulans and Candida membranifaciens (Figure 4), supports their potential as
natural starter cultures to improve food safety and quality.

Importantly, the antibacterial activity detected in this study was restricted to Gram-
positive bacteria, with no inhibition observed against Gram-negative species. This pattern
supports a Gram-specific mode of action, as previously described by Bilinski, Innamorato,
and Stewart [30], who reported that Gram-positive bacteria are generally more susceptible
to yeast antagonism than Gram-negative organisms. This differential susceptibility is
commonly attributed to structural differences in the bacterial cell envelope, particularly
the presence of an outer membrane in Gram-negative bacteria that can act as a barrier to
antibacterial compounds produced by yeasts [31].

The observed inhibitory effects, particularly against L. monocytogenes and S. aureus,
may be partially explained by competitive interactions. Yeasts are known to compete with
bacteria for essential nutrients such as nitrogen, iron, and carbon sources, especially under
nutrient-limited or stressful environmental conditions. This mechanism has been described
as a key antagonistic strategy in microbial ecosystems. For instance, A. pullulans exhibited
strong inhibition of Parvularugoglobigerina extensa on apple fruit, but the inhibition rate
decreased significantly when external nitrogen sources were supplied, highlighting the
importance of nutrient competition [4]. A similar mechanism may be involved in the
present study, particularly under high-salt conditions (e.g., 6% NaCl), where competition
for limited resources may be intensified.

Salt concentration plays a central role in shaping both microbial growth and antimi-
crobial interactions. High concentrations of solutes such as NaCl reduce water activity and
impose osmotic stress, thereby limiting microbial growth and metabolic activity [5,32]. In
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fermented foods such as table olives, salt also acts as a selective ecological factor, inhibiting
salt-sensitive microorganisms, such as Gram-negative bacteria, and favoring the growth
of halotolerant yeasts [33]. Traditional Portuguese fermentations, for example, employ
NaCl concentrations around 8%, which promote yeast dominance while restricting lactic
acid bacteria (LAB) and Gram-negative populations, contributing to product stability and
shelf life [32,34]. These ecological conditions help explain the limited or delayed growth of
several bacterial strains observed in this study under high-salt conditions.

The increase in inhibition halos against Listeria spp. with increasing NaCl concentra-
tion is also consistent with previous findings. The study of Llorente et al. [35] reported
that salt does not necessarily enhance the production of antimicrobial compounds, but
can increase the sensitivity of target microorganisms. Similarly, Hernández et al. [36]
observed that the proportion of yeast strains exhibiting antibacterial activity increased at
intermediate salt concentrations (5–8% NaCl), although activity declined at higher levels
(10% NaCl), except for Debaryomyces. Larger inhibition zones at higher salt concentrations
may therefore reflect increased susceptibility of the target bacteria rather than enhanced
antibacterial performance of the yeast strains. This interpretation is supported by the con-
sistent inhibition patterns observed for L. monocytogenes and L. innocua across the different
NaCl concentrations evaluated (0.8%, 4%, and 6%).

Environmental factors such as pH may also influence antibacterial activity. Since pH
was not controlled in the present assays, interactions between salt concentration and pH
may have affected the stability or diffusion of antibacterial compounds [36,37]. This may
explain the reduction in inhibition halos observed against S. aureus after prolonged incubation
(120 h) at 6% NaCl (Table 1). Similar inconsistencies have been reported by Llorente et al. [35],
suggesting that antibacterial responses may vary with environmental conditions.

The temporal stability of antibacterial activity is another relevant factor. Musmanno,
Di Maggio, and Coratza [38] and Ullivarri et al. [39] demonstrated that only yeasts with
strong killer phenotypes, isolated from natural wine fermentations, maintain consistent an-
timicrobial activity over time. In their study, inhibition halos remained stable for extended
periods, regardless of salt concentration or target organism. In contrast, the present results
suggest that antibacterial activity may be both time- and condition-dependent, as observed
for A. pullulans strains 7 and 20, which lost activity at low salt concentration (0.8% NaCl)
after 48 h but remained active under higher salt conditions.

From an ecological perspective, the antibacterial activity of fungi must also be inter-
preted within the context of the natural microbiota of plant-based fermentations. The natu-
ral microbiota of plant-based substrates includes filamentous fungi and yeasts—especially
Candida, Saccharomyces, Hansenula, Pichia, and Rhodotorula, as well as bacteria, such as
Pseudomonas, Flavobacterium, Bacillus (aerobes), and Enterobacter, E. coli, Klebsiella (facul-
tative anaerobes), in addition to lactic acid bacteria (LAB) from the genera Lactobacillus,
Pediococcus, Streptococcus, and Enterococcus. The fermentation of green olives typically
begins with a dominance of Gram-negative enterobacteria, followed by the growth of LAB
and yeasts, which progressively suppress undesirable microorganisms [40]. Therefore,
the antimicrobial activity of yeasts, together with LAB metabolism, may contribute to the
natural stabilization of the fermentation process.

Overall, the absence of antibacterial activity in yeasts isolated from arbutus berry
fermentation, in the experimental conditions tested, contrasts with the clear inhibitory
effects observed in table olive-derived isolates. Furthermore, the activity detected was
restricted to Gram-positive bacteria, with no inhibition of Gram-negative species. This
suggests that yeasts alone may not be responsible for controlling Gram-negative pathogens
during olive fermentation, a role more likely associated with LAB. Nevertheless, the an-
tibacterial potential demonstrated by specific fungal strains, particularly A. pullulans and C.
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membranifaciens, underscores their relevance for biotechnological applications, particularly
in the development of natural biopreservative strategies.

4.2. Enzymatic Capacity

The enzymatic profiles observed in the present study further reinforce the multifunc-
tional role of yeasts in table olive fermentations. The intrinsic composition of olives, typi-
cally comprising 59–62% water, 6–8% carbohydrates, 1–2% protein, and 26–27% lipids [40],
provides an important framework for interpreting these results. The relatively low carbo-
hydrate content may partly explain the limited occurrence of amylolytic activity among the
isolates, with only A. pullulans exhibiting starch degradation in the present study (Figure 4).
In contrast, the high lipid content is consistent with the more frequent detection of lipolytic
and esterase activities, suggesting that yeast metabolism is aligned with the predominant
substrates available in the olive matrix.

A key finding was the limited occurrence of polysaccharide-degrading enzymes, which
may be considered advantageous for maintaining olive tissue integrity. Cellulose and hemi-
cellulose are the main structural polysaccharides of plant cell walls, with xylan representing
the predominant hemicellulosic fraction; therefore, cellulase and xylanase activities are
considered undesirable in this context, as they can cause tissue softening [25,41,42]. The low
frequency of cellulase—restricted to A. pullulans and some strains of Cryptococcus spp. and
C. carnescens (Figure 4)—and the absence of xylanase activity suggest a reduced capacity
for structural degradation of plant cell walls. This pattern is consistent with previous
observations that yeast strains from olive brines tend to exhibit lower polysaccharolytic
activity compared to those isolated from fresh plant materials [43]. From a technological
perspective, this indicates a selective adaptation of table olive-associated yeasts toward
metabolic functions that do not compromise fruit texture, which is essential for product
quality [19].

In contrast, the detection of β-glucosidase activity exclusively in A. pullulans, accord-
ing to a study of Strauss et al. [25], highlights a potentially important functional trait
among carbohydrate-active enzymes. This enzyme plays a central role in the hydroly-
sis of oleuropein, contributing to debittering and improving the sensory acceptability of
olives. Moreover, β-glucosidase is involved in the breakdown of cellobiose and short-chain
oligosaccharides, linking phenolic metabolism with carbohydrate utilization [24,42]. The
restricted distribution of this activity suggests a species-dependent metabolic specialization
that may be exploited for targeted starter culture selection.

Pectinolytic activity, although not widespread, was detected in selected isolates, including
A. pullulans, C. carnescens, and S. odoratus. This result contrasts with studies reporting the
absence or low expression of pectinases in olive-associated yeasts [34] but aligns with findings
that certain species may retain the ability to degrade pectic substances [43]. This variability
suggests that pectinolytic potential is highly strain-dependent and may represent a critical
factor in determining whether a yeast contributes positively (e.g., facilitating metabolite
diffusion) or negatively (e.g., promoting tissue softening) to the fermentation process.

The detection of lipolytic activity is generally considered beneficial in olive fermentations
due to their role in releasing free fatty acids, such as propanol and 2-butanol, which serve as
precursors for volatile aroma compounds [24,34,43]. Therefore, the presence of lipase capacity
in selected isolates supports their potential contribution to flavor development.

Proteolytic activity was limited, being observed only in A. pullulans in milk medium,
while no gelatin degradation was detected. This restricted protease expression may be
advantageous, as excessive proteolysis has been associated with texture degradation and
reduced product quality [24]. Together with the low polysaccharolytic activity, this finding
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suggests that the majority of the isolates are better suited for preserving the structural
integrity of olives during fermentation.

The ability to degrade phenolic compounds, including oleuropein and tannins, was
more widely distributed among the isolates. This trait is particularly relevant, as oleuropein
is responsible for the characteristic bitterness of olives and may inhibit the development
of lactic acid bacteria [34,40]. Thus, yeast-mediated phenolic degradation not only im-
proves sensory properties but may also facilitate LAB growth, contributing to the overall
progression and stability of the fermentation process.

Various studies have demonstrated that wild yeast populations significantly influence
phenolic composition and volatilome development, directly impacting sensory quality
and microbial stability [18,29]. In this context, the enzymatic activities detected here,
particularly those related to phenolic transformation and lipid metabolism, support the
contribution of yeasts to both biochemical modification of the substrate and ecological
balance during fermentation.

Importantly, the enzymatic variability observed among strains within a species high-
lights the need for strain-level selection rather than species-level generalization. This agrees
with previous studies showing significant intra-species diversity in enzymatic expression
among yeasts from fermented products [25]. Such variability underscores the importance
of screening individual isolates when developing functional starter cultures.

Fungal activity during table olive processing can have both positive and negative
impacts. Benefits include the production of volatile compounds, sensory-enhancing metabo-
lites, antioxidants, vitamins, amino acids, purines, support for LAB growth, antibacterial
activity, and phenolic biodegradation. Drawbacks include CO2 gas formation, which can
lead to packaging rupture, tissue softening, brine turbidity, and the production of off-
flavors [44]. Thus, β-glucosidase, phenolase, esterase, and lipase activities are considered
desirable for olive fermentation due to their roles in flavor development and debittering. In
contrast, undesirable enzymatic activities include those targeting structural polysaccharides
(cellulase, pectinase, xylanase) and proteins, as they can compromise fruit texture. Amylase
activity is not considered relevant to this type of fermentation [42]. Overall, the enzymatic
profile identified in this study reflects a balance between desirable and undesirable ac-
tivities. This balance is critical for successful olive fermentation, particularly in natural
processes that rely on endogenous microbiota. Nevertheless, all enzymatic properties
observed here have strong biotechnological potential.

Finally, when combined with the antibacterial properties previously discussed, the
enzymatic traits of isolates such as A. pullulans and C. carnescens highlight their potential as
multifunctional starter cultures. These yeasts can simultaneously contribute to microbial
control, phenolic transformation, and aroma development, reinforcing their relevance for
biotechnological applications in fermented foods [14,15,45].

5. Conclusions
This study highlighted the distinct functional potential of fungal isolates from tra-

ditional fermentations of table olives and arbutus berries. While yeasts from arbutus
berry fermentation did not exhibit significant antibacterial or enzymatic activity, those
isolated from olive fermentation demonstrated relevant biofunctional properties. Notably,
strains of Aureobasidium pullulans, Cryptococcus spp., and Candida membranifaciens showed
inhibitory effects against Gram-positive pathogens, along with enzymatic profiles favorable
for fermentation processes and food preservation.

The multifunctionality of these yeasts, particularly the combination of antibacterial
and enzymatic activities, underscores their biotechnological potential for biopreservation
and the enhancement of fermented food quality. However, the presence of enzymes that
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may compromise product integrity, such as cellulases and proteases, emphasizes the need
for careful evaluation before practical application.

Future studies should validate the performance of the most promising multifunctional
isolates, particularly Aureobasidium pullulans, in model olive fermentation systems to con-
firm their technological behavior under real fermentation conditions. Such validation will
be essential to assess strain competitiveness, persistence, metabolic activity, and overall
impact on fermentation dynamics and final product quality.

Overall, this study contributes to understanding fungal functional diversity in natural
fermentations, reinforcing the importance of selecting specific strains to optimize industrial
processes and promote natural alternatives for food preservation that align with current
safety and quality demands.
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