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Abstract: To learn about the yeast biodiversity of Hungarian honeys and to isolate osmotol-
erant yeasts, fifteen different honey varieties, beeswax, and bee bread were purchased, and
samples of another, but highly osmotic material, tree sap (cherry, sour cherry, and plum),
were collected from the northeastern region of the country. In total, 60 yeast strains were iso-
lated and their taxonomic positions were determined by barcode sequences using ITS1-NL4
primers. The honey products contained mostly Zygosaccharomyces and Starmerella species.
In addition, Hanseniaspora uvarum, Rhodotorula mucilaginosa and diobovata, Sporobolomyces
roseus, Filobasidium magnum, Naganishia sp., and Aureobasidium pullulans were also present
in smaller numbers. In contrast, tree saps contained Metschnikowia and Pichia fermentas
cells. Further results suggest that some of the yeasts in honey can only “survive”, while
others can propagate at high sugar levels, generally between 600 and 700 mg/g, with a
predominance of fructose. Properties important for pathogenicity, such as invasive hyphae
production, gelatin melting ability, and growth at 37 °C, were also examined. Hanseniaspora
uvarum and Pichia fermentans representatives seemed to be negative for gelatin hydrolysis,
while the other strains were able to melt gelatin. Although some of the strains could
produce hyphae-like structures at 25 °C, none of them could grow at 37 °C.

Keywords: yeast; honey; osmotolerance; GRAS; biodiversity

1. Introduction

Honey is a natural sweetener that has been widely consumed and used by mankind
since ancient times due to its high nutritional value and health-related properties. Honey is
made by several species of bees. The vast majority of commercialized honey is produced
by the best-known species, the western honeybee (Apis mellifera), but interest has increased
for honeys made by stingless bees as well [1-3]. According to the Codex Alimentarius, honey
is produced from nectar or honeydew, which honeybees collect, transform, and combine
with specific substances of their own, store, and leave in their honeycombs to ripen and
mature [4].

Honey is an aromatic, sweet food with considerable nutritional value. Surveys of
honey composition have long revealed that the three major components of honey are fruc-
tose, glucose, and water [5] and that the sugar composition as well as the fructose/glucose
ratio may show significant differences between different honey types [6]. In most types
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of honey, fructose is the predominant carbohydrate [7]. The sugar composition of hon-
eys depends mainly on its botanical and geographical origin and is affected by climate,
processing, and storage [7,8]. In addition to the high carbohydrate content that makes
honey an excellent source of energy, honeys contain proteins, amino acids, organic acids,
vitamins, minerals, phenolic compounds, and volatile compounds. Several of these nutri-
tional components have been proven to possess various beneficial properties [9,10]. Honey
has long been appreciated for its positive health effects. Traditionally, it was mainly used
to treat wounds and various gastrointestinal diseases. More recently, antioxidant, anti-
inflammatory, antimicrobial, and anticancer effects have been linked to honey consumption,
increasing interest in this food. Studies attribute these beneficial effects of honey to its
content of phenolic compounds [11,12].

Honeys may contain microorganisms, which influence the quality and safety of the
product. Microbial contamination may originate from primary sources such as pollen, the
digestive tracts of honeybees, and the environment, or from the post-harvest processing of
honey [13,14]. Studies using traditional microbiological assays and modern DNA-based
analysis agree that the most common microorganisms in honey are spore-forming bacteria
and yeasts [13,15]. Due to its low water activity, honey provides a special environment for
microbial growth. Some yeast species, termed sugar-tolerant or osmophilic, can survive
and grow in this environment of high sugar content and high osmotic pressure [16-18].
Sugar-tolerant/osmotolerant yeasts are a problem in the honey industry, as they can cause
fermentation of honey and thereby a significant economic loss to the honey producers.
Species of the Zygosaccharomyces genus are often responsible for spoilage in honey [19,20].
On the other hand, high osmotolerance can be an advantage in special biotechnological
processes; thus, yeasts isolated from honey can be well-suited for use in the biotechno-
logical industry. Yeast strains with high sugar tolerance are therefore searched for and
tested, e.g., for high-concentration ethanol fermentation or for the production of special
compounds [21-23].

Honey production is a significant economic activity in Hungary; with 25,000 tons,
Hungary was the fifth largest producer of honey in the European Union in 2022 [24]. A
wide variety of different monofloral, multifloral, and honeydew honeys are available in
Hungary; some of the most commonly sold are acacia (Robinia pseudoacacia), linden (Tilia
spp.), rape (Brassica napus), and sunflower (Helianthus annuus). In recent years, interest
has increased in the investigation of Hungarian honeys. Most studies have focused on
the examination of the floral origin and nutritional properties of different Hungarian
honey types or their potential medical applications. Several investigations have combined
pollen spectrum analysis with antioxidant capacity, physicochemical, and element analysis
to demonstrate the quality and botanical origin of honeys [25-29]. Other studies have
been related to detecting the effect of different treatments on honeys or revealing honey
adulteration [30-32]. Analysis of the mineral content of different honey types has been
carried out to ensure food quality and safety or to demonstrate that mineral content can
serve as an indicator of environmental changes [33-36]. Studies on the potential medical
application of honeys have mostly investigated their antibacterial and antibiofilm effects.
The antibacterial activity of different monofloral honeys has been tested against respiratory
tract pathogens [37,38], wound-associated bacteria [39], and food-borne pathogens [40].

Studies on the microbiological analysis of Hungarian honeys are scarce. Except for the
study of Cade and co-workers [18], who isolated the osmophilic species Zygosaccharomyces
favi from Hungarian honey and bee bread, we have no knowledge of any studies on the
detailed microbial analysis of Hungarian honeys. Therefore, we decided to analyze mono-
and multifloral honey samples from the northeastern region of Hungary. In this study, we
focused on the isolation and identification of yeast strains, as they can reveal the yeast



Diversity 2025, 17, 325

30f13

flora of honeys and can be used for further biotechnological applications in subsequent
studies. In addition, we examined the propagation ability of the yeast isolates under certain
conditions and their potential pathogenicity. Moreover, the sugar content of certain honey
varieties was also determined.

2. Materials and Methods
2.1. Source of Yeast Strains

We acquired different types of honey (rape, acacia, sunflower, linden, multifloral,
buckwheat, apple, forest, pine, wild raspberry, goldenrod (Solidago gigantea), bastard indigo
(Amorpha fruticose), dandelion (Taraxacum officinale), honey flavored with blackberries,
sea buckthorn, propolis black walnut, bee bread, and beeswax from honey producers
or markets. We collected the sap of fruit trees (cherry, sour cherry, and plum), as well.
A total of 52 samples were collected, all from the northeastern region of Hungary (Figure 1).
The geographical coordinates of the sampling sites in larger cities were obtained from
https:/ /www.maps.ie/coordinates.html (accessed on 13 February 2025).

Tiszaujvaros . ., "
@ Nyiregyhaza
@ Hajdunanas, = |
) Mariapocs

Figure 1. The geographical locations of the sampling sites. Coordinates of larger cities: Debre-
cen: Latitude—47.531399, Longitude—21.6259782; Nyiregyhdza: Latitude—47.9557802, Longitude—
21.7167982; Tiszaujvaros: Latitude—47.9280341, Longitude—21.0467056; Miskolc: Latitude—
48.1030643, Longitude—20.7900429.

2.2. Isolation of Yeast Strains

Honey samples were streaked on the surface of a complex medium (YPA) (1% yeast
extract, 2% peptone, 2% glucose, and 2% agar) (VWR International Ltd., Debrecen, Hun-
gary), or a modified YPA medium with elevated glucose (5%), or placed in the same liquid
medium (YPL) prepared without agar (5 mL). The cultures were incubated at room tem-
perature for two weeks. Yeast colonies with different colors and/or morphologies were
randomly isolated and spread on a fresh medium to obtain pure cultures from single cells.
This step was repeated three times. The samples were aseptically treated, and the final
isolates were cryopreserved at —80 °C. Their origin is shown in Table S1.
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2.3. Amplification of DNA Barcoding Sequences

A colony PCR technique was used to amplify the barcoding sequences [41]. When
this method was unsuccessful, genomic DNA (extracted from overnight cultures grown
in YPL) was used as a template for PCR reactions [42]. The barcoding sequences (chromo-
somal segments corresponding to rDNA genes) were amplified using Dream Taq DNA
Polymerase (Thermo Fisher Scientific) and ITS1 (5-TCCTCCGCTTATTGATATGC-3') [43]
and NL-4 (5-GGTCCGTGTTTCAAGACGGR-3') primers [44]. These primers amplify a
region containing ITS1-5.85 rDNA-ITS2 and a partial region from 285 rDNA. The PCR
conditions were as follows: after an initial denaturation step (94 °C for 30 s), the DNA was
amplified in 30 cycles (95 °C for 30 s, 55 °C for 1 min, and 72 °C for 1 min), which was
followed by a final elongation step (72 °C for 10 min). The PCR products were checked
on a 1% agarose gel (1 x TBE, 120 V, 45 min), purified with a PCR purification KIT (VWR
International Ltd., Debrecen, Hungary), and sequenced with either the ITS1 or the NL4
primer (Microsynth AG, Vienna, Austria).

2.4. Sequence Analyses

Sequences were analyzed with the NCBI BLASTn program (https:/ /blast.ncbi.nlm.
nih.gov, accessed on 21 February 2025) (megablast, core nucleotide database, sequences
from type material [45]). In certain cases, the sequences were also aligned to sequences
of non-type material. These data are marked with (*) in Table S2. In general, we accepted
the results with the highest Max Scores, Query covers of 99-100%, and E values of 0. The
results were cross-validated in the 285 rDNA and ITS RefSeq databases [46] and in the Unite
database [47,48]. Conflict between the results of NCBI and Unite searches was resolved
with phylogenetic analyses. For species-level identification, 99-100% sequence identity
was accepted. In cases of two or more identical search results, lower sequence identity, or
lower coverage, only the genus was determined, except for Metschnikowia species. Due to
the high intragenomic diversity of Metschnikowia barcoding sequences (two nucleotides
alternate in certain positions) [49] and unclear species boundaries [50], Metschnikowia
sequences were accepted with 98% sequence identity and designated Metschnikowia aff.
pulcherrima. Synonyms of species names were collected from https:/ /www.ncbi.nlm.nih.
gov/Taxonomy/Browser/wwwtax.cgi (accessed on 21 February 2025).

2.5. Phylogenetic Analyses

285 rDNA and ITS sequences were searched in the RefSeq database, and the 10 most
similar sequences of type strains from the concerned genera were downloaded. A phyloge-
netic workflow was assembled using the Phylogeny.fr platform [51] for phylogenetic tree
constructions. The collected and sequenced DNA sequences were aligned with MUSCLE
v3.8.31 (full mode, maximum iteration: 16) [52], and the ambiguous regions were removed
with GBLOCKS v0.91b [53]. The PhyML v3.0 [54] algorithm, either with the GTR or with
the HKY85 substitution model, was used for the phylogenies. The number of substitu-
tion rate categories was adjusted to 4. Gamma distribution parameters, proportions of
invariable sites, and transition/transversion ratios were all estimated. Branch support was
estimated with the approximate likelihood ratio test [55]. The trees were displayed with
FigTree v1.4.4 (http:/ /tree.bio.ed.ac.uk/software/figtree/, accessed on 21 February 2025)
or with TreeDyn v198.3 at the website of Phylogeny.fr [51].

2.6. Survival Ability of Yeasts at High Sugar Levels

Drop tests were used to reveal the cell propagation abilities of selected yeast strains at
high sugar levels.
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Certain yeast strains isolated from a particular acacia honey were tested on YEA (1%
yeast extract, 2% glucose, and 2% agar) (VWR International Ltd., Debrecen, Hungary) and
modified YEA, which had similar sugar contents to the acacia honey from which they were
derived (Bank) (379 g/L fructose and 239 g/L glucose, pH 4).

Cell suspensions were prepared in sterile MQ water from yeast cells (cultured for
one day on YEA at 25 °C). A total of 20 uL of cell suspension (ODsgs5: 0.2) and its serial
dilutions (10x, 100x, and 1000x) were dropped onto the surface of agar plates, which
were incubated at 25 °C, and the growth was monitored for two weeks. The experiment
was repeated three times.

2.7. Pathogenicity Tests of Yeast Strains

To examine the potential pathogenicity of the isolated yeast strains, three virulence
factors were investigated: the propagation ability at human physiological temperature
(~37 °C), invasive hyphal growth, and substrate hydrolyzing ability [56,57].

One representative of each species (Zygosaccharomyces mellis: 11-2311, Metschnikowia
aff. pulcherrima: 11-2294, Rhodotorula mucilaginosa: 11-2330, Naganishia sp.: 11-2328,
Sporobolomyces rosea: 11-2331, Hanseniaspora uvarum: 11-2309, Starmerella magnoliae: 11-
2374, Filobasidium magnum: 11-2326, Aureobasidium pullulans: 11-2322, and Pichia fermentans:
11-2296) was selected for testing. Yeast strains cultured on YEA for three days were used to
prepare cell suspensions in sterile MQ water. A total of 15 pL of cell suspension (ODsgs: 0.2)
and its serial dilutions (10x, 100, and 1000 x) were dropped onto the surface of YEA and
modified YEA (solidified with 8% gelatin (WVR) instead of agar). To determine whether
yeast cells are able to grow at 37 °C or not, the agar plates (YEA) were incubated at 37 °C
and 25 °C as controls. For testing substrate hydrolyzing we used gelatin plates incubated
at 25 °C. Growth at 37 °C and melting of gelatin around the yeast cells were monitored
for two weeks. In addition, hyphae production of the yeasts was also monitored. The
experiments were repeated two times.

2.8. Sample Preparation and Determination of Fructose and Glucose Contents of Honeys

For each honey sample, 200 &+ 1 mg was weighed and dissolved in 10 mL of deionized
water. The samples were filtered using 0.22 um PTFE syringe filters (Lab-Ex Ltd., Budapest,
Hungary) and diluted tenfold with deionized water. Two independent weightings and
sugar content determinations were performed from each sample. A Shimadzu LC-20
Prominence HPLC system equipped with an evaporative light scattering detector (ELSD)
(Shimadzu, Kyoto, Japan) was used for the separation and determination of fructose
and glucose contents of honey samples. The compounds were separated on a Supelco
apHera NH2 Polymer column (150 mm X 4.6 mm i. d. 5 um) thermostated at 30 °C
(£1 °C). Acetonitrile (A) and water (B) (both from VWR International Ltd., Debrecen,
Hungary) were used as eluents. The flow rate was maintained at 700 uL/min. The gradient
elution was performed as follows: 0—-1 min: 80% of mobile phase A; 1-13 min: — 63% A;
13-14 min: — 80% A; 14-18 min: 80% A. Retention time of fructose—6.2 min; retention
time of glucose—7.4 min. The ELSD detector was thermostated at 35 °C (£1 °C), and
the pressure of nitrogen gas (Linde 5.0) was set to 350 kPa. Standard solutions with
the following concentrations were used to determine the calibration curves: 250 pug/mL,
500 pg/mL, 1000 pg/mL, and 1500 pg/mL. The injection volume was 10 pL for both
standards and samples.

3. Results and Discussion

To learn about the yeast biodiversity of Hungarian honeys and isolate osmotolerant
yeasts, 52 samples of 15 different honey varieties were purchased (see materials and
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methods). All honey came from the northeastern region of the country (Figure 1). In
addition, beeswax, bee bread, and a completely different substance, the sap of fruit trees,
were also examined.

To obtain information on the yeast biodiversity of our samples, we streaked them
on a complex medium that allowed living cells to divide. There were 22 samples which
contained viable yeast cells, so we were able to isolate 49 yeast strains from rape, acacia,
bastard indigo, sunflower, linden, multifloral honey, beeswax, and bee bread and 11 strains
from tree saps (Table S1). In contrast, although several attempts have been made to isolate
yeast cells from certain samples, no yeasts have been isolated from buckwheat, apple, forest,
pine, wild raspberry, goldenrod (Solidago gigantea), dandelion (Taraxacum officinale) honey,
and honey flavored with blackberries, sea buckthorn, propolis, or black walnut. As the
latter honey varieties originated from different locations and apiaries, we assume that this
negative result is not necessarily due to the honey-making process but also to the antifungal
activity of these honeys. This may be supported by results indicating strong antimicrobial
properties of propolis and some honeys [38,40,58-63].

Later, the taxonomic position of the isolated strains was determined by barcode
sequencing using the ITS1-NL4 primers [43,44]. The amplified rDNA regions included ITS1-
5.85 rDNA-ITS2 and partial 285 rDNA (D1/D2 region). The PCR products were sequenced
(Table S2), and the sequences were analyzed using BLASTn in different databases [45-48].
Various yeasts were identified (Tables S3 and S4). However, many times we observed
conflict between the NCBI Type Material and UNITE search results (Tables S3 and S4). The
reason for this phenomenon could be the different approaches and data availability in the
used databases. Furthermore, certain species could be delineated rather by their D1/D2
region, while others by their ITS regions. To resolve the conflict between the different
results, we used phylogenetic-based taxonomic approaches in certain cases (Figures 2 and
51-56) [64]. For example, a BLASTn search using the Type Material database at NCBI
resulted in Starmerella vacinii as the best hit, while the UNITE search showed S. magnoliae
as the most probable hit in the case of strain 11-2391. However, the phylogenetic analysis
of the Starmerella-like strains indicated that all those strains most probably belong to the
species S. magnoliae (Figure 2A).

The honey products contained mostly Starmerella magnoliae species (21 strains)
(Figure 2A, Table S5) and Zygosaccharomyces (17 strains: Z. mellis, Z. rouxii, and other
Zygosaccharomyces spp.) (Figure 2B, Table S5). They were found in different honey varieties
and sugar concentrations, indicating that they may be well-adapted species. In addition,
Hanseniaspora uvarum, Rhodotorula mucilaginosa and diobovata, Sporobolomyces roseus, Filoba-
sidium magnum, Naganishia sp., and Aureobasidium pullulans were also present in smaller
numbers (Figures S1-56, Table S5). These data correlate well with the results of Sinacori [65]
or Echeverrigaray [3], where Zygosaccharomyces species were among the most frequently
isolated microbes, although these honeys were made by different bees: honeybees [65]
or stingless bees [3]. As Zygosaccharomyces species have been isolated from honey from
different countries, such as Canada [66], Portugal [67], or China [21], they tend to be
widespread yeasts in honey. However, their presence may not be beneficial, as these species
are often referred to as food and beverage spoilage yeasts [21,68-72]. Starmerella magnoliae
(synonyms: Torulopsis magnoliae and Candida magnoliae), which has also been isolated from
Polish [23], Italian [73], and Portuguese honey [67], may also be widespread.
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100]

11-2385 Rape honey Tiszaujvaros
Starmerella magnoliae CBS 166
11-2327 Bastard indigo honey Mariapocs
11-2343 Bee bread Debrecen-Jozsa
11-2352 Sunflower Bank
11-2359 Sunflower Bank
11-2358 Rape honey Debrecen-Jozsa
11-2390 Acacia Tiszaujvaros

11-2381 Linden Tiszaujvaros

11-2339 Bee bread Debrecen-Jozsa

11.2342 Bee bread Debrecen-Jozsa
11-2348 Bee bread Debrecen-Jozsa

11-2370 Acacia Mariapocs
11-2349 Acacia Mariapocs
11-2325 Bastard indigo honey Mariapocs
11-2374 Bastard indigo honey Tiszaujvaros
11-2391 Acacia Tiszaujvaros
11-2386 Rape honey Tiszaujvaros
11-2380 Linden Tiszaujvaros
11-2376 Bastard indigo honey Tiszaujvaros
11-2366 Rape honey Debrecen-Bank
11-2360 Sunflower Bank
11-2334 Rape honey Bank
11-2353 Sunflower Bank
11-2346 Bee bread Debrecen-Jozsa
| 71-2367 Rape honey Debrecen-Bank
11-2332 Acacia honey Debrecen-Bank
Starmerella sorbosivorans CBS 8768
Starmerella apis CBS 2674

11-2336 Rape honey Debrecen-Jozsa
Zygosaccharomyces mellis NRRL Y-12628
11-2314 Rape Hajdunanas
11-2337 Rape honey Debrecen-Jozsa

= 11-2443 Acacia Debrecen-Apafa
11-2338 Rape honey Debrecen-Jozsa
11-2452 Raw honey Mikepercs

= 11-2444 Acacia Debrecen-Apafa

11-2335 Rape honey Bank

11-2453 Raw honey Mikepercs
91

95

81

11-2447 Multifioral Mikepercs

11-2448 Multifioral Mikepercs
11-2442 Rape honey Debrecen-Apafa
11-2441 Rape honey Debrecen-Apafa

Zygosaccharomyces rowi IFO 1130

k= Starmerella geochares CBS 6870

Zygosaccharomyces kombuchaensis NRRL YB-4811

10d— Starmerella riodocensis CBS 10087

Starmerella gropengiesseri CBS 156

Zygosaccharomyces lentus CBS 8574

Starmerella khaoyaiensis CBS 10839
Starmerella bombicola NRRL Y-17069
62, Starmerella kuoi NRRL Y-27208
Starmerella jinningensis CBS 11864

0.02

Zygosaccharomyces bailii ATCC 58445

Zygosaccharomyces bisporus CBS 702

0.005

Figure 2. Phylogenetic trees of selected species of the genera Starmerella (A) and Zygosaccharomyces (B).
The strains isolated in this study are listed in black letters, while the selected type strains of the
genera are indicated with blue and red letters. (A) The isolated strains most probably belong to the
species S. magnoliae. However, to evaluate the exact taxonomic position of some bee bread-originating
species (11-2342 and 11-2348), further studies are needed. (B) Most of the isolated strains belong to
the species Z. mellis (indicated with red letters), while a small portion of the isolated strains belong to
the species Z. rouxii (also indicated with red letters). Two strains (11-2443 and 11-2444) of the isolated
strains showed some sequence divergence compared to the Z. mellis-like strains, but to evaluate
whether the exhibited difference is species- or strain-level diversity needs further studies. Four
sequences from the isolated Zygosaccharomyces-like strains were not included in the phylogenetic
analysis because of insufficient sequence length. The trees were created with PhyML 3.0 [54] at the
website of Phylogeny.fr [51] and based on 285 rDNA sequences (297 and 134 selected nucleotide sites,
respectively) of the type strains. Branch support was estimated with aLRT [55]. aLRT values lower
than 50% are not shown.

Interestingly, the yeasts identified from tree sap were very different from the honey
samples. Tree saps contained mainly Metschnikowia isolates and two Pichia fermentas, which
were not detected in honey (Table S5). The sequences of Metschnikowia were most similar
to M. pulcherrima (Tables S3 and S4). However, their species-level identification is some-
what uncertain due to their high intragenomic diversity and unclear species boundaries
(Figure S7) [49,50].

Since honey samples are a special habitat for microorganisms due to their high os-
molarity [74], the question was also raised whether living yeast cells can “just” tolerate
the high osmolarity of honey or whether they can divide under such hard conditions.
To answer this question, we determined the exact sugar content of the honey samples
from which the yeast cells were isolated using HPLC analyses. As shown in Table 1, the
fructose + glucose concentrations were generally between 600 and 700 mg/g, which is
slightly lower than those of honey collected in, for example, Tanzania or China [58,75]. In
general, fructose dominated, as in many other honeys [29,58,75-77]. Most acacia honey
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had a fructose/glucose ratio of 1.6, similar to acacia honey collected in other regions of
the country (F/G: 1.55) [29]. The lowest F/G ratio was in rape honey (0.8), similar to, for
example, the results of Estonian or Romanian samples [78,79], while the highest (2.4) was
in sunflower honey.

Table 1. Sugar content of the selected honeys.

. . Fructose Glucose Fructose .
Sample Origin (mg/g) ! (mg/g) ! + Glucose (mg/g) 1 F/G Ratio
Acacia Debrecen-Apafa 397.9 243.2 641.1 1.6
Acacia Debrecen-Bank 379.8 239.6 619.4 1.6
Acacia Tiszatjvaros 400.2 243.8 644.0 1.6
Acacia Mariap6cs 421.7 249.7 671.4 1.7
Bastard indigo Debrecen-J6zsa 427.1 270.7 697.8 1.6
Bastard indigo Mariap6cs 405.5 294.6 700.1 14
Rape Debrecen-J6zsa 378.0 240.2 618.2 1.6
Rape Miskolc 405.4 203.5 608.9 2
Rape Debrecen-Apafa 361.4 337.6 699.0 1.1
Rape Derecske 299.9 358.2 658.1 0.8
Rape Debrecen-Bank (raw) 412.7 207.5 620.2 2
Linden Miskolc 354.2 246.5 600.7 1.4
Raw Mikepércs 440.3 221.8 662.1 2
Multifloral Mikepércs 3721 287.8 659.9 1.3
Sunflower Debrecen-Bank 4741 200.4 674.5 2.4

1 Average of data from two samples.

Thereafter, we performed a drop test with four strains isolated from a certain acacia
honey (11-2330, 11-2331, 11-2332, 11-2333). As shown in Figure 3, the cell propagation
abilities of the selected strains were different on the high sugar-containing medium (379 g/L
fructose and 239 g/L glucose). The Starmerella magnoliae strain 11-2332 could divide
both on the control medium (YEA prepared with 2% glucose, pH 4) (Figure 3A) and
under high osmolarity (Figure 3B). In contrast, cells of Rhodotorula diobovata (11-2333) and
Sporobolomyces roseus (11-2331) did not propagate under high sugar levels (Figure 3D), only
on the control medium (Figure 3C). Thus, it can be assumed that some of the yeasts in
honey only “survive”, while others are also able to propagate at high sugar levels.

Considering the fact that honey is generally consumed without heat treatment, it
is important to know whether the yeast strains inhabiting the honey exhibit potential
pathogenicity. To test that eventuality, we examined the strains” ability to undergo cell
division at 37 °C, hydrolyze gelatin, and produce invasive hyphae. These features are
important in the assessment of GRAS status (generally recognized as safe). Therefore,
representatives of species were cultured on gelatin-solidified medium and agar plates
(YEA). According to our data, Hanseniaspora uvarum (11-2309) and Pichia fermentans (11-2296)
seemed to be negative for gelatin hydrolysis; however, they formed hyphae (Figures 3E
and S8). While the other strains were able to melt gelatin around the droplets to different
extents, Filobasidium magnum (11-2326) and Rhodotorula mucilaginosa (11-2330) slightly
melted the gelatin and were submerged in the culture medium (Figure S9A). In contrast,
Starmerella magnoliae (11-2374) completely melted the gelatin-containing medium around
itself (Figures 3E and S9B). Although some strains could produce hyphae, while others
melted gelatin, none of them grew on YEA at 37 °C. Thus, it might be easily concluded that
the yeast flora of the tested honey products is safe for human consumption.
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Figure 3. Drop tests for growth at high sugar content and gelatin melting capacity. The Starmerella
magnoliae strain (11-2332) could propagate both on the control medium (YEA) (A) and a high sugar-
containing medium (B). In contrast, Rhodotorula mucilaginosa (11-2330) cells could only propagate on
the control (C) and not on high sugar content (D). (Sporobolomyces roseus (11-2331) and Rhodotorula
diobovata (11-2333) yielded similar results.) Top to bottom: ODsg5:0.2 and its 10, 100, and 1000 x
dilutions. Growth on gelatin-containing media and gelatin hydrolysis (E). Some strains did not,
while others melted gelatin to varying degrees. (From left to right: Hanseniaspora uvarum (11-2309)
did not melt the gelatin but produced hyphae (Pichia fermentans 11-2296 was similar)). Filobasidium
magnum (11-2326) slightly melted gelatin (marked with a blue arrow) and submerged in the medium.
Rhodotorula mucilaginosa (11-2330) produced red droplets with a cave in the middle (marked with
a black arrow), indicating that gelatin in the middle region of the droplet had melted. Starmerella
magnolie (11-2374) completely melted the gelatin (marked with a red arrow).

Taken together, this study provides an insight into the yeast biodiversity of Hungarian
honeys from the northeastern region. In addition, the capacity for cell propagation at high
sugar content and some GRAS conditions were also investigated. The isolated strains can
be used for biotechnological applications after further testing.

4. Conclusions

Certain yeast species, such as Starmerella magnoliae, Zygosaccharomyces spp., Hanseni-
aspora wvarum, Rhodotorula mucilaginosa and diobovata, Sporobolomyces roseus, Filobasidium
magnum, Naganishia sp., and Aureobasidium pullulans are able to maintain their viability
in honey despite high osmolarity. Starmerella magnoline and Zygosaccharomyces may be
well adapted species, as they have been isolated in larger numbers from different honey
varieties and different sugar concentrations. Some yeasts only “survive”, while others can
divide at a sugar content similar to honey. The presence of these yeasts seems to be safe for
human consumption as the yeast strains tested failed to grow at 37 °C.
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