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Abstract

Mycological studies focusing on fungal species thriving on honey related products have a series of critical applications ranging from the
expansion of basic scientific knowledge, the exploration of their industrial utilization, understanding their contributions to food spoilage and
even environmental pathogen monitoring. During the last two decades, several works dealing with the isolation and characterization of fungal
species thriving on honey have been published. Nonetheless, a thorough summarization of these results has not yet been compiled. This work
analyses and compiles a checklist of fungi isolated and identified/described from honey nectar, honey blossom and honeydew between the years
2000 and 2022. Based on this assessment, we detected that over one hundred and thirty entries have been reported from honey samples
worldwide. Consequently, this work provides a checklist of such fungi, that will be of interest to mycologists, microbiologists, food scientists

working on the topic, and also beekeepers.
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Introduction

Beekeeping (or apiculture) is a zootechnical activity that aims
to sustain and exploit, economically and rationally, the domes-
tic bee Apis mellifera, in an effort to obtain their direct products
and by-products. Goods such as honey, propolis, pollens, royal
jelly, bee bread, waxes and apitoxins (bee venoms) have a wide
and diverse range of applications, including in the cosmetic,
food, pharmacological and therapeutical industries (Pasupuleti
et al. 2017). This is noted, for instance, in the expansion of
apitherapy (an alternative therapy that uses products coming
directly from honeybees) in Western cultures in the last few
yearsl'. Moreover, beekeeping is also considered a valuable
example of an environmentally sustainable production system,
with notorious positive impacts on global biodiversity and agri-
culture. Overall, this activity is mainly characterized by three
advantageous outcomes, namely: (1) a confluence of economic
interests (by the production of honey and by-products of the
hive, which can provide financial gains), (2) social impact (since
it contributes to the fixation of the rural population in territo-
ries where other economic activities are hard to be develop or
maintain), and (3) a contribution to environmental conserva-
tion, sustainability and health (through pollination of culti-
vated and wild fields)i2,

According to the European Union and Portuguese legisla-
tion (Decree-Law 179/2004) and the Codex Alimentarius (CODEX
STAN 12-1981), honey is a natural sweetener produced by
honey bees from: (1) flower nectars (blossom honey or nectar
honey), or (2) carbohydrate-rich secretions of plants or even
excretions of plant-sucking phytophagous aphids (honeydew),
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after combination with the animal specific molecules, place-
ment, dehydration, and storage in the honey comb (to ripen
and mature)i-5. Honey is composed by sugars turned into a
super saturated solution containing mainly the monosaccha-
rides (fructose and glucose, in a concentration not lower than
60%) and by a much lesser amount of oligosaccharides, organic
acids, enzymes (amylases and a-glucosidase) and colloidal
particlest3!,

The quality of honey is mainly determined by its sensorial,
chemical, physical and microbiological characteristics. From a
microbiological perspective, honey can have two sources of
contamination by microorganisms: (1) primary sources: includ-
ing pollen, the digestive tracts of honey bees, dust, air, soil and
nectar (more difficult to control), and (2) secondary sources:
arising from human honey manipulation, while also including
risks related to air quality, food handlers, cross-contamination
and the sanitary state of the equipment and buildings used in
the process (more easily controlled by good manufacturing
practices)®®. And though the European Commission sets maxi-
mum levels of mycotoxins for various types of food products,
they are often incomplete when considering bee products!”.

Honey spoilage is not an often-reported phenomenon,
mainly due to their associated antimicrobial properties, which
result from several different factors. These include contribu-
tions from the formation of hydrogen peroxide (H,0,), floral
source, low pH, low moisture content, low redox potential, low
protein content, high osmolarity, high viscosity and limitations
to oxygen penetration®-111, On the other hand, an important
physicochemical property that can affect the development of
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Nectar Honey!"”.,

Rhizopus stolonifer (Ehrenb.) Vuill..

Note: Peronosporaceae sp. de Bary and Pythium sp. Pringsh., have also been isolated, identified and noted as fungi, from Honey Blossom and Honeydew samples!'7.,

Studies in
Fungi

microorganisms in honey is the substrate low water activity (a,), which
inhibits the growth of almost all organisms!''l. Nonetheless, if the moisture
content is high enough (above 21%), xerotolerant and xerophile microorgan-
isms can develop causing honey fermentation and spoilagel'"l. The
microbes of interest in honey are primarily yeasts, fungi and spore-forming
bacteria, since their presence can influence the products stability and sani-
tary quality. Since bees collect pollens and nectars, yeast and fungi presence
in honey is unavoidable!*¢! and examples of filamentous fungi usually found
in honey encompass Aspergillus, Penicillium, Mucor and Monascus, along with
some osmophile yeasts such as Saccharomyces'®'?l. Moreover, additional
common fungal contaminants of honey are the obligate xerophiles
Ascosphaera apis and Bettsia alvei, several xerotolerant species], various
species of plant pathogenic fungi’3!, mycotoxin-producing species!'4, and
fungi commonly found in pollens and the digestive tract of bees!'>l.

During the last two decades, several studies focusing on the isolation and
characterization of fungal species thriving in honey have been published.
However, a thorough summary of these results has not been compiled so far.
With this in mind, the aim of this work is to elicit a checklist of fungi isolated
from honey, honey blossom and honeydew, during the time period of 2000
to 2022. As such, this work provides critical information that can be helpful to
mycologists, beekeepers and the industrial sector to improve honey and
quality and production levels.

Materials and methods

The present checklist is based on a. survey of scientific papers using
morphological and/or molecular methods to identify fungal taxa isolated
from honey, honey blossom and honeydew, during the time period of 2000
to 2022B-61214-281 Moreover, the checklist was annotated to contain
currently accepted fungal 'names according to the Index Fungorum
(www.indexfungorum.org) to provide an up-to-date analysis and facilitate
future knowledge sharing:

Results

Checklist

Conclusions

So far, more than one hundred and thirty entries have been reported from
honey samples worldwide. Overall, the most represented genera are Penicil-
lium (23 species), Aspergillus (17 species), Zygosaccharomyces (7 species) and
Talaromyces (6 species). Consequently, most representative fungal families
isolated from honey are Aspergillaceae, Saccharomycetaceae and Trichoco-
maceae. Aspergillus, Penicillium and Talaromyces species are considered to
hold important industrial and pharmacological applications, but also to be
associated with food spoilage, mycotoxins production, and human and plant
diseases (e.g., Houbraken et al. 2020). Due to the ability of various of the iden-
tified species to produce both mycotoxins and other extracellular enzymes
and organic acids, their study is also of significant industrial interest (Silva et
al. 2017). Indeed, the industrial applications of Saccharomycetaceae and their
ability to act as food spoilage yeasts is well known. Moreover, the detection of
common bee pathogens (e.g., Monascus mellicola) also highlights the impor-
tance of such studies to monitor bee pathogens and, consequently, maintain
or improve ecosystem balance and biodiversity.
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