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Abstract: In light of the phenomenon of colony collapse disorder, there has been a growing interest
in finding natural and ecological ways for improving honeybee health. The aim of this scientific
research was the isolation and characterization of LAB, which in the future could show the potential
to construct a protective preparation for honeybees. After performing MALDI-TOF analysis, of a total
of 76 bacterial strains isolated from flowers and honeybee products, 31 were identified as Pediococcus
pentosaceus, 26 as Pediococcus acidilactici, and 19 as Lactiplantibacillus plantarum. The characterization
of the isolated LAB displayed that CO, production was present in 52 strains. The highest biomass
productivity was observed in the case of strain 9/1 isolated from red clover (Trifolium pratense L.) with
biomass productivity equal to 2.100. All isolated bacterial strains showed the ability to produce lactic
acid. The strain 13/3 isolated from small-leaved lime (Tilia cordata L.) displayed the highest lactic acid
production capacity in 100 mL of culture, i.e., 1.903 g of lactic acid. The carbohydrate assimilation
pattern was examined using API 50 CH tests. All isolated strains were able to utilize esculin, D-ribose,
D-galactose, D-glucose D-fructose, and D-mannose. It was also noted that the reduction of sugars is a
strain-dependent ability and is specific for individual strains.

Keywords: probiotics; lactic acid bacteria; honeybee; Apis mellifera L.; flowers; honeybee products;
isolation; MALDI-TOF; carbohydrate fermentation; characteristics

1. Introduction

Lactic acid bacteria (LAB) form a diverse and common bacterial group, which are
naturally present in milk, plants, fermented dairy and vegetable products, and the gastroin-
testinal tract (GIT) of humans and animals, as well as in water and soil. Typical LAB do
not form spores, are nonmotile, catalase-negative, cytochrome-free, anaerobic, and most
commonly in the form of Gram-positive cocci and rods [1]. These bacteria are especially
known for their ability to produce lactic acid, which is the final product of carbohydrate
fermentation [2]. LAB classified as homofermentative produce 2 mols of lactic acid out
of 1 mole of glucose, whereas LAB classified as heterofermentative produce lactic acid,
acetic acid, carbon dioxide, and lactate acid. Heterolactic fermentation is associated with
LAB which lack the enzyme fructose-1,6-biphosphate aldolase and, therefore, are unable
to metabolize hexoses via the Embden-Mayeroff pathway. Heteronormative bacteria are
also able to utilize pentoses, whereas not all homofermentative LAB are able to perform
such a reaction [3]. Particular attention has recently been paid to nondairy LAB due to
their metabolic activities [4]. Lactobacillales bacteria consists of the families Lactobacillaceae,
Aerococcaceae, Enterococcaceae, Streptococcaceae, Leuconostocaceae, and Arnobacteriaceae. The
most common LAB genera are Weissella, Lacticaseibacillus, Lactococcus, Pediococcus, Carnobacterium,
Streptococcus, Oenococcus, Enterococcus, and Leuconostoc [5].

Many LAB strains are considered as probiotics [6]. Probiotics are microorganisms that
are characterized by their beneficial properties when consumed in appropriate amounts.
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The International Scientific Association for Probiotics and Prebiotics” consensus proposed
a more correct definition of probiotics as “live microorganisms that, when administered
in adequate amounts, confer a health benefit on the host” [7]. This definition applies to
many microorganisms and at the same time emphasizes the importance of probiotics [8].
They regulate systemic immunity and ensure a nourishing balance in the digestive tract.
Probiotic microorganisms should have the ability to withstand acidic pH, enzymes, and bile
salts in the gastrointestinal environment of the host [9]. An important feature of probiotic
microorganisms is their ability to adhere to epithelial cells in order to avoid the possibility
of being excreted from the body [10]. The probiotic properties of LAB are determined by
their metabolism related to the utilization of carbohydrates to acids, which lower the pH
of the GIT [11]. Some LAB show bacteriostatic properties due to the secretion of lactocins
(e.g., lactacin, nisin, lactocidin), and H,O,, which inhibit the growth of pathogens [12]. In
humans, LAB show therapeutic properties such as managing antitumor activity, possibly
preventing cancer, and improving the balance of the host microbiota [13]. The proteolytic
activity of the LAB on caseins may result in an elevation of the antimicrobial peptide
(e.g., k-casecidin) obtained by hydrolysis of the k-casein oligopeptide [3]. LAB can also
produce bacteriocins, proteinaceous molecules that interfere with the growth of most
bacteria [14]. Due to their potential, probiotics have been used for hundreds of years, but
gained economic importance in the XX century [15].

LAB also inhabit bee bodies, making up a significant part of their GIT microbiota.
In the honeybee GIT, microaerophilic conditions dominate with the temperature of 35 °C
and presence of flower nectar sugars, which is the ideal niche for LAB [16]. Along with
Snodgrassella alvi, Gilliamella apicola, and Bifidobacterium spp., LAB represent the typical
core-bacteria inhabiting honeybee GIT [16]. LAB that populate the GIT of bees prefer
fructose as the substrate needed for their growth. As a result, they are more likely to inhabit
the fructose-rich niches [17]. The metabolic properties of microbiota provide bees with
a barrier against pathogens, and, therefore, play a key role in the immunity and health
of these insects [18]. Lactic acid produced by LAB also reduces the environmental pH of
wounds, which prevents the spread and multiplication of pathogens that threaten bees [19].
The importance of LAB for bees is a relatively recent and prominent topic, and research
conducted on strains inhabiting the bodies of the bees suggests that LAB increase the
bees’ resistance to pathogens and insecticides [20,21]. For example, Forsgren et al., in their
study, demonstrated that feeding bee larvae with a cell suspension consisting of the 11
hbs-LAB (honeybee-specific LAB) mixture (apart from Bombilactobacillus mellifer Bin4N
and Apilactobacillus apinorum Fhon13N) reduced the mortality of larvae infected with the
pathogen Paenibacillus larvae [22]. Lamei et al. presented that most of the inhibitory effect
on pathogens was related to the extracellular fraction and hbs-LAB secretome blocked the
vegetative development of P. larvae [23].

Over the last two decades, there has been a significant decline in the number of
honeybees and, related to it, honeybee colonies. This phenomenon is called “Colony
Collapse Disorder” (CCD) and was first observed during the winter of 2006/2007 in the
United States and Europe [24,25]. It is suspected that the main factors contributing to CCD
include bee pathogens, pesticides, GMO, antibiotics, viruses, air pollution, and mites. Due
to the positive impact of pollinators on the economy and ecology, the decline in their life
span is disquieting [26]. Improving the condition and health of bees is an urgent matter as
is providing them with additional immunity against factors adversely affecting them.

Due to the above, increasing interest in searching for new natural methods to improve
the condition and immunity of honeybees is observed worldwide. One of the alternatives
can be LAB, which, as natural inhabitants of the honeybee GIT, fulfill a number of beneficial
functions in their body, such as, for example, the digestion of complex compounds from
flower pollen, saccharides fermentation to lactic and short-chain fatty acids (SCFA), and
antagonistic activity towards honeybee pathogens or xenobiotics detoxification [27,28].

The main purpose of this research was to isolate and characterize the LAB derived
from the bee environment and honeybee products, thus basing it on the research material
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with which bees have direct contact. In order to characterize the isolated LAB, their ability
to produce carbon dioxide, biomass, and lactic acid was checked, and their ability to utilize
carbohydrates was determined using API 50 CH tests. The novelty of this study was
its attempt to identify and isolate LAB directly from the bee environment and honeybee
(Apis mellifera L.) products (such as bee bread, royal jelly, bee pollen, flower and honeydew
honeys, fermented honey). To the best of our knowledge, while there are some studies
on the isolation of LAB from flowers [29,30], there are few past studies involving LAB
isolation from honeybee products, such as honey [31,32]. Addressing this topic may prove
important in future research on honeybees and their environment.

Characterization of the isolated LAB will enable the selection of appropriate LAB
for further research due to the unique properties exhibited by individual strains. In the
future, attempts will be made to find LAB strains with specific probiotic properties. An
example is the detoxification of insecticides, including neonicotinoids or LAB strains
(or their metabolites) showing antagonistic activity against honeybee pathogens such as
Paenibacillus larvae or Melissococcus plutonius.

Although this is a preliminary study and focuses only on a few research procedures,
this first stage of the research is very intense and important in the construction of later
probiotic preparations, because the preparation cannot be created without such basic
research. After this stage of the research, in vitro and in vivo tests may be conducted.

2. Materials and Methods
2.1. Research Material

The research material that was used to isolate the LAB consisted of various elements of
flowers (pistils, stamens, petals, and receptacles) and honeybee products (e.g., 17 different
honey types, bee pollen, bee bread, and royal jelly). Nineteen species of flowers were
harvested between May and September 2019 and in May 2020. All flower samples were
collected in sterile plastic tubes, and immediately transported to the laboratory for analyses.
Honeybee products were purchased between May and August 2019 from apiaries and
beekeeping farms. Fermented multiflora honey (freshly harvested) was a gift from a beekeeper
from Hajnowka. All biological materials and their place of origin are listed in Table 1.

Table 1. Place of origin of the research material.

Research Material Place of Origin

Flanders poppy (Papaver rhoeas L.)
Red clover (Trifolium pratense L.)
Mock orange (Philadelphus coronaries L.)
Elderberry (Sambucus nigra L.)
Wild mustard (Sinapis arvensis L.)
Brown knapweed (Centaurea jacea L.)

Przedborski Landscape Park

Catalpa (Catalpa Scop.)
Rape (Brassica napus L.)
Common lavender (Lavandula augustifolia L.)
Weigela (Weigela florida DC.) Bukowiec
Peony (Peonia officinalis L.)
European smoke tree (Cotinus coggygria L.)
Black locust (Robinia pseudoaccacia L.)

Small-leaved lime 1 (Tilia cordata L.) Wielkopolska National Park

Common lavender (Lavandula augustifolia L.)
Butterfly bush (Buddleja davidii L.)
Small-leaved lime 2 (Tilia cordata L.)
Indian cress (Tropaeolum majus L.)

Lodz Hills Landscape Park

Heather (Calluna vulgaris L.) Lagiewnicki Forest in L.odz

Phacelia honey Gospodarstwo Pszelarskie in Stara
Forest honey Bar¢
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Table 1. Cont.

Research Material Place of Origin
Clover honey
Goldenrod honey . .
Melilotus meadow honey Bartnik Mazurski in Ketrzyn
Hawthorn honey
Honey with the addition of other honeybee products
Bee pollen Sadecki Bartnik company
Bee bread
Freshly harvested fermented honey (multiflora) Hajnéwka
Royal jelly Bartpol company
Meadow marsh honey Pasieka u Alfreda
Sorine hone Gospodarstwo Pasieczne Kaszubskie
Pring y Miody in Brusy
. Gospodarstwo Pasieczne “Koészka II”
Lime honey - .
in Czaplinek
Nectar honey Pasieka Czerlonka in Hajnéwka

Coniferous honeydew honey Gospodarstwo Pasieczne Ceremuga

in Skawica
Honeydew honey Sadziejowice Pasieka z Tradycjami
Heather-nectar honey Pasieka Gaudynki in Orzysz

Pasieka Rodzinna Grycukéw in

Cornflower honey Hajnéwka

Dandelion honey Bratoszewice

2.2. Isolation of Lactic Acid Bacteria Strains

Two methods of isolation were performed to isolate LAB strains, depending on the
research material. The first method involved the use of a stomacher and was mainly
intended for material derived from flowers. The biological material (the perianth, i.e., the
calyx, corolla, petals, stamens, and pistils) was introduced into a stomacher bag along
with 50 mL of sterile PBS (pH 7.2), and the samples were then subjected to treatment in
the stomacher twice. The next step was to pour 0.1 and 1 mL sample suspensions onto
Petri dishes with deMan-Rogosa-Sharp (MRS) (Merck Life Science, Warsaw, Poland) agar
medium supplemented with 3% nystatin (100U, Merck Life Science, Warsaw, Poland).
In parallel, 1 mL of samples was added to the liquid MRS medium supplemented with
3% nystatin (100U) in aseptic plastic tubes. Plates and test tubes were incubated under
anaerobic conditions at 30 °C for 48-72 h. Then, the mixture of isolates from the test
tubes was plated on Petri dishes with MRS agar as described above and incubated for a
further 48-72 h. The next step was to select the colonies from the plates considering their
morphology, consistency, shape, and color, and transfer them to the liquid MRS medium
using the sterile loop (in order to propagate the isolates). Samples were incubated under
anaerobic conditions at 30 °C for 48-72 h.

The second method of isolating LAB was applied to the samples of honey and hon-
eybee products. The initial step was to mix approx. 10 mL of sterile PBS (7.2 pH) with
1 spoon of biological material and grind it in a mortar (all in aseptic conditions). Then,
the same procedure was applied as for the first isolation method. Plates and test tubes
were incubated under anaerobic conditions at 37 °C for 48-72 h (plates) and up to 10 days
(test tubes). The next step was to select the colonies, taking into account their morphology,
consistency, shape, and color, and transfer them to the liquid MRS medium using the sterile
loop. Finally, the test tubes were incubated under anaerobic conditions at 37 °C for 24-96 h
until a visible growth (biomass) was achieved.
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2.3. Cultivation of Isolated Strains of LAB, Propagation, Freezing, and Storage

Bacterial strains isolated from flowers were incubated for 24 h at 30 °C, while strains
derived from honeybee products were incubated for 24 h at 37 °C. All strains were cul-
tivated under anaerobic conditions using MRS broth medium, which ensured optimal
conditions for growth and multiplication of bacteria. LAB that were subjected to long-term
storage were centrifuged after 24 h of cultivation (8694 x g, 15 min, 22 °C), and then were
stored in Cryobanks™ (Copan Diagnostics Inc., USA, Jefferson Avenue, Murrieta, CA,
USA) at —20 °C.

Before experiments, the strains were activated, passaged 2-3 times, and then cultured
(8% inoculum) in MRS broth for 24 h at 30 or 37 °C (depending on the origin).

2.4. Assessment of Carbon Dioxide Production Ability

The ability to produce carbon dioxide was assessed by macroscopic observation of air
bubbles produced by LAB cultured in a liquid MRS medium. The results were assessed as
to whether the carbon dioxide production for a given strain was present or absent.

2.5. Assessment of Biomass Productivity

Bacterial strains were cultured at 30 °C for strains isolated from flowers and at 37 °C
for strains isolated from honeybee products. Bacteria were subcultivated by inoculating
a 3% inoculum into liquid MRS medium. The above procedure was repeated three times.
After 24 h of cultivation and immediately after inoculation, the biomass productivity was
assessed by spectrophotometric measurement (wavelength 540 nm) using a Spectroquant®
Prove 300 spectrophotometer. The control sample was a sample of a clean, liquid MRS
medium, set to 100% light transmittance.

2.6. Assessment of Lactic Acid Production

Bacterial strains isolated from flowers were incubated at 30 °C, while strains isolated
from honeybee products at 37 °C. A 0.1M sodium hydroxide solution was prepared and
poured into the burette. Then, 2 drops of phenolphthalein were added to the 24 h bacterial
culture prepared in advance. Finally, the prepared cultures were titrated with a sodium
hydroxide solution until the color turned pink.

2.7. API 50 CH Biochemical Tests

API 50 CH biochemical tests were purchased from the bioMerieux company in order
to assess the ability of LAB to utilize carbohydrates and create an individual biochemical
profile for an individual strain. Sterile PBS buffer was introduced into the API 50 CH wells
to provide suitable conditions for the test. Bacterial strains were cultivated for 24 h in
liquid MRS medium and then centrifuged (3864 x g, 10 min). The centrifuged biomass was
suspended in API 50 CHL medium. The turbidity of the resulting suspension was adjusted
to the McFarland 2.0 standard, and then, it was introduced into 50 test wells. Sterile mineral
oil was added to maintain anaerobic conditions. After 24 and 48 h of incubation at 30 °C
(for strains isolated from flowers) and 37 °C (for strains isolated from honeybee products),
the results of the tests were read. A change in the color of bromocresol purple to yellow
indicated a positive test result causing acidification. In the case of esculin (contained in
well no. 25), a positive test result was demonstrated by a color change to black. Negative

“uo,n

results were marked as “—", positive results as “+”.

2.8. MALDI-TOF Mass Spectrometry Analysis

First, the isolated bacteria were Gram-stained to ensure that each strain was gram-
positive. The cell morphology of the bacteria was assessed under a phase-contrast micro-
scope (Nikon Eclipse Ci H600L, Tokyo, Japan).

MALDI-TOF MS analysis was performed in order to identify the isolated bacterial
strains to the genus and species. The initiation step was the incubation of the isolates at
30 °C (for strains isolated from flowers) and at 37 °C (for strains isolated from honeybee
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products). The cultivated bacteria were then transferred onto Petri dishes containing MRS
agar medium using a sterile loop. Simultaneously, 300 uL of sterile HPLC purity water
was transferred to an Eppendorf tube. The isolated bacterial colonies were transferred
from the culture plate to water using a sterile loop. Then, 900 uL of sterile ethanol was
added to the test tube and mixed thoroughly. The microbial material was centrifuged in
a tabletop centrifuge (20,879 g, 2 min). The supernatant was removed with a pipette
(avoiding contact with microbial material). The microbial material was then recentrifuged
in a tabletop centrifuge (20,879 x g, 2 min) and the residual ethanol was removed with a
sterile pipette. The pellet was allowed to air dry for 5 min at room temperature. Then,
25 pL of a 70% aqueous formic acid solution was added, and the pellet was dissolved by
pipetting the solution and discharging it several times. The next step was to add 25 pL
of 100% acetonitrile to the test tube. The tube was centrifuged in a tabletop centrifuge
(20,879 x g, 2 min). Subsequently, 1 puL of the supernatant was applied to the empty sample
position on the cleaned MALDI plate. The MALDI plate was allowed to air dry at room
temperature. Then, 1 puL of x-cyano-4-hydroxycinnamic acid matrix solution was applied
to each sample position. The samples with the matrix applied were allowed to air dry at
room temperature for 5 min. MALDI plate was placed on a mass spectrometer to collect
the MALDI-TOF spectrum and identify isolated bacteria.

3. Results and Discussion
3.1. LAB Isolates Obtained from Flowers and Honeybee Products

Flowers and honeybee products constitute a significant niche of sources of LAB due
to the high concentration of carbohydrates and slightly acidic pH, thus creating a suitable
environment for the development of these bacteria [2]. Most likely, the LAB found in
plants come from the surrounding environment or thanks to pollinators and animals. Thus,
flower nectar may also contain trace amounts of LAB, resulting in the later content of these
bacteria in honeybee products [33]. It is estimated that the LAB population in flowers
is in the range of 10? to 10* CFU/g [34]. In order to carry out this study, 27 species of
flowers and 12 honeybee products were used. After cultivation on MRS agar medium and
careful macroscopic evaluation, it was possible to isolate 76 LAB strains, 51 of which came
from flowers and 25 from honeybee products. A greater variability was noticed in the
case of LAB isolated from flowers. In the case of honeybee products, bee pollen was the
richest in LAB differentiation, from which 6 strains were isolated. The LAB isolation results
are shown in Tables 2 and 3. LAB have been isolated from flowers and honeybee prod-
ucts in previous studies [2,32,35]. Teneva-Angelova and Beshkova (2015), after screening
400 microbial isolates from flowers and after performing confirmation tests, isolated
98 strains that showed a phenotypic LAB identity. Additionally, after conducting these
experiments, it was proved that flowers and honeybee products are a natural habitat for
microbes, including potentially probiotic LAB [30].

Table 2. LAB strains were isolated from flowers from which honeybees most often collect nectar.
Species of flowers were harvested between May and September 2019 and in May 2020.

The Symbol . Number of
of IsolatZd Strain Research Material Isolates

1/4 Large Indian cress (Tropaeolum majus L.) 1
2/1,2/2,2/3 Peony (Peonia officinalis L.) 3
3/1 European smoketree (Cotinus coggygria L.) 1
4/1 Black locust (Robinia pseudoaccacia L.) 1
5/1,5/2,5/4 Weigela (Weigela florida DC.) 3
6/1,6/2,6/3,6/4,6/5 Brown knapweed (Centaurea jacea L.) 5
7/1,7/2,7/3 Flanders poppy (Papaver rhoeas L.) 3
8/1,8/2,8/3,8/4,8/5 Wild mustard (Sinapis arvensis L.) 5
9/1,9/2,9/3,9/4 Red clover (Trifolium pratense L.) 4
10/1,10/2 Elderberry (Sambucus nigra L.) 2
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Table 2. Cont.
The Symbol . Number of
of Isolated Strain Research Material Isolates
11/1,11/2,11/3,11/4,11/5 Mock orange (Philadelphus coronaries L.) 5
12/1,12/2 Small-leaved lime 1 (Tilia cordata L.) 2
13/2,13/3 Small-leaved lime 2 (Tilia cordata L.) 2
14/1,14/2,14/3,14/4 Common lavender (Lavandula augustifolia L.) 4
15/1,15/2,15/3 Catalpa (Catalpa Scop.) 3
17/1,17/2,17/3,17/4 Common lavender (Lavandula augustifolia L.) 4
18/1 Butterfly bush (Buddleja davidii L.) 1
19/1 Heather (Calluna vulgaris L.) 1
39/1 Rape (Brassica napus L.) 1

Table 3. LAB strains isolated from honeybee products (harvested from May to August 2019).

of };T;:g?g; lain Research Material Number of Isolates
16/1,16/2,16/3,

16/4,16/5,16/6 Bee pollen 6
20 Honey with the addition of other

/1 1

honeybee products

21/1 Freshly harvested fermented honey 1

22/1 Royal jelly 1

23/1 Bee bread 1

24/1 Honeydew honey 1

25/1 Heather-nectar honey 1

26/1 Cornflower honey 1

27/1 Dandelion honey 1

28/1 Phacelia honey 1

29/1 Hawthorn honey 1

30/1 Forest honey 1

31/1 Meadow marsh honey 1

32/1 Spring honey 1

33/1 Clover honey 1

34/1 Lime honey 1

35/1 Goldenrod honey 1

36/1 Nectar honey 1

37/1 Coniferous honeydew honey 1

38/1 Melilotus meadow honey 1

As flowers and honeys of different origins are rich sources of D-fructose, in the current
study, the attempt to isolate fructophilic lactic acid bacteria (FLAB) was undertaken by
the authors according to Sakandar et al. [36]. The isolation media (fructose yeast peptone
FYP) contained 1% and 30% D-fructose (and nystatin to inhibit the growth of fungi) and
the incubation time was prolonged up to 21 days. Simultaneously, glucose yeast peptone
(GYP) was also used. No bacteria were isolated in the case of FYP on the contrary to GYP,
where some growth was observed. Unfortunately, the isolates were not able to grow on
different agar media in order to receive pure cultures.

3.2. Characteristics of Isolated LAB

Based on the macroscopic observations of LAB strains grown in the liquid MRS
medium (presence of gas bubbles), the ability of the LAB to produce carbon dioxide was
determined. After analyzing the results, CO, production was present for 52 bacterial strains.
In the remaining 24 strains, gas bubble production was absent. In the case of LAB, the
presence of carbon dioxide indicates that they carry out heterolactic fermentation, where
glucose is decomposed into lactic acid, ethanol, and CO; through the phosphoketolase
pathway [37,38].
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The analysis of the biomass production capacity of LAB was based on the assessment
of whether the bacteria displayed the ability to multiply after the next 2 passages.
The production of biomass was calculated according to the formula:

A =Axyn — Agh

where Ap4 corresponds to the absorbance measured in the sample after 24 h of cultivation
and Ag corresponds to the absorbance of the sample immediately after inoculation.

The mean biomass productivity (Amean) of the triplicate sample was then calculated
to determine which of the strains showed the most efficient multiplication ability after
repassage. This step was carried out in order to check the ability of the strains to proliferate
after many passages, which is necessary for their potential use in the industry for the
construction of probiotic preparations. The highest biomass productivity was observed in
the case of strain 9/1 isolated from red clover (Trifolium pratense L.). This strain showed a
biomass productivity equal to 2.100. The lowest biomass productivity was observed for the
strain 12/1, isolated from small-leaved lime 1 (Tilia cordata L.), which was equal to 1.196.
Berisvil and cowriters (2020), in their research, noted a significant fact about individual
LAB requirements depending on their metabolic properties [39]. Microorganisms such as
LAB may need various essential nutrients such as purines, vitamins, and amino acids. To
ensure optimal biomass production, it is recommended to use an appropriate medium that
ensures the conditions for growing a given strain. The similarity in the results of the study
may indicate similar conditions for the growth of these bacteria and the application of the
MRS medium may then be continued for the purpose of their cultivation.

The amount of produced lactic acid was determined by titration with NaOH against
the reagent (phenolphthalein). The content of the produced acid was calculated using the
following equation:

1 mL of 0.1M NaOH = 0.00906 g of lactic acid

All isolated bacterial strains showed the ability to produce lactic acid. The strain 13/3
isolated from small-leaved lime (Tilia cordata L.) displayed the highest lactic acid production
capacity in 100 mL of culture, i.e., 1.903 g of acid. The lowest lactic acid production capacity
in 100 mL of the tested sample was displayed by strain 6/1 isolated from brown knapweed
(Centaurea jacea L.), and it was equal to 0.604 g of lactic acid. Lactic acid is a safe organic
acid often used as a fermentation agent, decontaminant, and antioxidant. This organic
molecule is the product of fermentation carried out by various microorganisms with the
use of various sources of carbohydrates. Lactic acid production depends on nutrients, pH,
temperature, and the LAB strain [40]. In their research, Kyld-Nikkil4 et al. demonstrated
high productivity and acid tolerance in Lactobacillus strains, thus emphasizing their eco-
nomic importance in the fermented food industry [41]. The amount of produced acid may
also affect the survival of LAB, many species of which do not grow in an environment
where the pH is lower than 4 [40]. The highest productivity yields of lactic acid and its
purity (>99%) are shown by homofermentative bacteria [42]. The ability to produce lactic
acid by LAB may, in the future, be important in the study of the antimicrobial activities of
these bacteria towards honeybee pathogens.

All the results of the short characteristics of the isolated bacteria are presented in Table 4.
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Table 4. The results of the characterization of lactic acid bacteria isolated from flowers and honeybee
products in terms of their ability to produce carbon dioxide, biomass, and lactic acid.

. Amount of Lactic
Biomass

The Symbol of Carbon Dioxide Productivit Acid Produced [g of
Isolated Strain Production (A ) y Lactic Acid/100 mL
mean of Culture]
1/4 Absent 1.412 1.560
2/1 Absent 1.409 0.840
2/2 Absent 1.457 1.390
2/3 Present 1.440 1.190
3/1 Absent 1.460 0.990
4/1 Present 1.387 1.576
5/1 Present 1.995 2.165
5/2 Present 1.900 1.726
5/4 Present 1.859 1.555
6/1 Present 1.453 0.604
6/2 Present 1.550 1.067
6/3 Absent 1.498 1.560
6/4 Present 1.433 1.320
6/5 Present 1.407 1.087
7/1 Present 1.968 1.745
7/2 Present 1.788 1.392
7/3 Present 1.960 1.860
8/1 Absent 1.758 1.510
8/2 Absent 1.847 1.510
8/3 Absent 1.772 1.208
8/4 Present 1.841 1.258
8/5 Absent 1.786 1.107
9/1 Present 2.100 1.640
9/2 Present 1.972 1.745
9/3 Present 1.935 1.478
9/4 Present 1.924 1.812
10/1 Absent 1.736 1.579
10/2 Absent 1.901 1.786
11/1 Present 1.909 1.721
11/2 Absent 1.813 1.721
11/3 Present 1.829 1.178
11/4 Absent 1.814 1.649
11/5 Present 1.855 1.359
12/1 Present 1.196 1.576
12/2 Present 1.239 1.649
13/2 Absent 1.314 1.450
13/3 Present 1.453 1.903
14/1 Absent 1.838 1.605
14/2 Present 1.841 1.527
14/3 Absent 1.884 1.786
14/4 Present 1.818 1.812
15/1 Present 1.695 1.208
15/2 Present 1.736 1.611
15/3 Absent 1.826 1.208
16/1 Present 1.295 1.540
16/2 Present 1.362 1.558
16/3 Present 1.395 1.830
16/4 Absent 1.394 1.667
16/5 Present 1.409 1.794
16/6 Present 1.299 1.613
17/1 Present 1.725 1.208
17/2 Present 1.723 1.117
17/3 Present 1.682 1.208
17/4 Absent 1.720 1.208

18/1 Absent 1.743 1.006
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Table 4. Cont.

. Amount of Lactic
Biomass

The Symbol of Carbon Dioxide Productivit Acid Produced [g of
Isolated Strain Production (A ) y Lactic Acid/100 mL
mean of Culture]
19/1 Present 1.679 1.319
20/1 Absent 1.707 1.611
21/1 Absent 1.886 1.651
22/1 Present 1.804 1.812
23/1 Present 1.801 1.767
24/1 Present 1.676 1.076
25/1 Present 1.683 1.201
26/1 Present 1.957 1.812
27/1 Present 1.544 1.869
28/1 Present 1.715 1.529
29/1 Present 1.828 2.265
30/1 Present 1.903 1.812
31/1 Present 1.689 2.295
32/1 Absent 1.831 1.755
33/1 Present 1.775 1.472
34/1 Present 1.708 1.872
35/1 Present 1.633 2.718
36/1 Absent 1.634 1.611
37/1 Present 1.691 1.510
38/1 Present 1.941 2.164
39/1 Present 1.515 1.963

3.3. Identification of Isolated LAB Strains

Isolated LAB strains were initially identified with the use of MS-MALDI TOF anal-
ysis. Of a total of 76 bacterial strains, 31 have been identified as Pediococcus pentosaceus,
26 as Pediococcus acidilactici, and 19 as Lactiplantibacillus plantarum. The identification index
values were interpreted according to the MALDI Biotyper system by Bruker. The scope
of the interpretation was as follows: samples with the identification index >2.00 showed
high-confidence identification, the identification index 1.70-1.99 displayed low-confidence
identification. On the other hand, the identification index within the range of 0.00-1.69 showed
that the organism could not be identified. In addition, the shape of the identified bacteria
was examined with microscopic observation. The identification index showed a significant
majority of high-confidence identification, except for strains 2/2,6/1,6/2,8/1,8/2,9/4,
13/2, and 17/2, where the identification index suggested low-confidence identification.
LAB identification using mass spectrometry was also used in the case of fruits, and it was
possible to identify strains such as Pediococcus pentosaceus, Lactiplantibacillus plantarum or
Levilactobacillus brevis, which confirmed the presence of these bacterial species in plants [43].

Genetic-based methods would be ideal to identify and classify isolated strains, but
these are preliminary studies and only the most effective strains in relation to probiotic
properties, after screening in many future tests, will be selected for the analysis.

The results of the identification of the isolated bacteria are presented in the Table 5
and Figure 1.
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Table 5. Identification of LAB strains from honeybee environment and honeybee products using
MALDI-TOF mass spectrometry analysis.

The Symbol Bacterial Cell Identification i . .
of IsolatZd Strain Shape Index Value Identified Bacterial Strain
1/4 coccus 2.12 Pediococcus acidilactici
2/1 coccus 227 Pediococcus acidilactici
2/2 bacillus 1.80 Lactiplantibacillus plantarum
2/3 bacillus 2.16 Lactiplantibacillus plantarum
3/1 bacillus 2.06 Lactiplantibacillus plantarum
4/1 coccus 2.15 Pediococcus acidilactici
5/1 bacillus 2.20 Lactiplantibacillus plantarum
5/2 coccus 2.10 Pediococcus acidilactici
5/4 coccus 2.26 Pediococcus acidilactici
6/1 coccus 1.93 Pediococcus acidilactici
6/2 coccus 1.81 Pediococcus acidilactici
6/3 coccus 2.24 Pediococcus pentosaceus
6/4 coccus 2.16 Pediococcus acidilactici
6/5 coccus 2.20 Pediococcus acidilactici
7/1 coccus 2.13 Pediococcus acidilactici
7/2 coccus 2.30 Pediococcus acidilactici
7/3 coccus 225 Pediococcus acidilactici
8/1 coccus 191 Pediococcus acidilactici
8/2 coccus 1.95 Pediococcus pentosaceus
8/3 coccus 2.26 Pediococcus pentosaceus
8/4 bacillus 2.05 Lactiplantibacillus plantarum
8/5 coccus 2.09 Pediococcus pentosaceus
9/1 coccus 221 Pediococcus acidilactici
9/2 coccus 2.10 Pediococcus acidilactici
9/3 coccus 2.31 Pediococcus pentosaceus
9/4 coccus 1.82 Pediococcus acidilactici
10/1 coccus 2.12 Pediococcus pentosaceus
10/2 bacillus 222 Lactiplantibacillus plantarum
11/1 bacillus 2.19 Lactiplantibacillus plantarum
11/2 bacillus 2.06 Lactiplantibacillus plantarum
11/3 coccus 217 Pediococcus pentosaceus
11/4 bacillus 2.05 Lactiplantibacillus plantarum
11/5 coccus 2.19 Pediococcus pentosaceus
12/1 coccus 2.26 Pediococcus pentosaceus
12/2 coccus 227 Pediococcus pentosaceus
13/2 coccus 1.99 Pediococcus pentosaceus
13/3 coccus 2.23 Pediococcus pentosaceus
14/1 coccus 2.20 Pediococcus pentosaceus
14/2 coccus 2.10 Pediococcus pentosaceus
14/3 bacillus 211 Lactiplantibacillus plantarum
14/4 coccus 2.00 Pediococcus pentosaceus
15/1 coccus 221 Pediococcus pentosaceus
15/2 bacillus 2.25 Lactiplantibacillus plantarum
15/3 coccus 222 Pediococcus pentosaceus
16/1 coccus 221 Pediococcus pentosaceus
16/2 coccus 2.08 Pediococcus pentosaceus
16/3 coccus 2.26 Pediococcus pentosaceus
16/4 coccus 2.27 Pediococcus acidilactici
16/5 coccus 2.00 Pediococcus pentosaceus
16/6 coccus 2.04 Pediococcus acidilactici
17/1 bacillus 1.99 Lactiplantibacillus plantarum
17/2 bacillus 1.76 Lactiplantibacillus plantarum
17/3 coccus 2.19 Pediococcus pentosaceus
17/4 bacillus 2.22 Lactiplantibacillus plantarum
18/1 bacillus 2.16 Lactiplantibacillus plantarum
19/1 coccus 2.23 Pediococcus pentosaceus

20/1 bacillus 2.16 Lactiplantibacillus plantarum
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Table 5. Cont.

The Symbol Bacterial Cell Identification - . .
of IsolatZd Strain Shape Index Value Identified Bacterial Strain
21/1 bacillus 2.29 Lactiplantibacillus plantarum
22/1 coccus 2.27 Pediococcus acidilactici
23/1 coccus 2.29 Pediococcus acidilactici
24/1 coccus 2.26 Pediococcus acidilactici
25/1 coccus 2.29 Pediococcus acidilactici
26/1 coccus 2.14 Pediococcus pentosaceus
27/1 coccus 2.05 Pediococcus acidilactici
28/1 coccus 2.05 Pediococcus pentosaceus
29/1 bacillus 221 Lactiplantibacillus plantarum
30/1 coccus 211 Pediococcus pentosaceus
31/1 coccus 2.26 Pediococcus pentosaceus
32/1 coccus 221 Pediococcus pentosaceus
33/1 bacillus 211 Lactiplantibacillus plantarum
34/1 coccus 2.25 Pediococcus pentosaceus
35/1 coccus 2.13 Pediococcus acidilactici
36/1 coccus 2.07 Pediococcus acidilactici
37/1 coccus 2.33 Pediococcus acidilactici
38/1 coccus 227 Pediococcus pentosaceus
39/1 coccus 2.24 Pediococcus pentosaceus
A
C
E
100pm

Figure 1. Example microphotographs of lactic acid bacteria isolates from honeybee environment.
(A,CE)—wet mount (40 x); (B,D,F)—Gram staining (100x). (A,B)—Pediococcus acidilactici 4/1 iso-
lated from Robinia pseudoaccacia L.; (C,D)—Pediococcus pentosaceus 16/1 isolated from bee pollen;
(E,F)—Lactiplantibacillus plantarum 11/1 isolated from Philadelphus coronarius L. Observed under
phase-contrast microscope (Nikon Eclipse Ci H600L, Tokyo, Japan) attached to a digital camera (Nikon
Digital Sight DS-U3, Tokyo, Japan) and imaging software (NIS-elements BR 3.0, Nikon, Tokyo, Japan).
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3.4. Carbohydrate Assimilation Pattern

The sugar utilization ability of the bacteria was tested using the API 50 CH tests.
After testing, it was noticed that all isolated strains were able to utilize esculin, D-ribose,
D-galactose, D-glucose, D-fructose, and D-mannose. It was also noted that the reduction
of sugars is a strain-dependent ability and is specific for individual strains. The results
of the biochemical tests also showed that none of the isolated bacterial strains displayed
the potential to utilize glycerol, D-arabinose, L-xylose, D-adonitol, L-sorbose, L-thamnose,
dulcitol, inositol, inulin, D-raffinose, starch, glycogen, xylitol, gentiobiose, D-lyxose, D-fucose,
L-fucose, D-arabitol, L-arabitol, gluconate, 2-keto-gluconate, and 5-keto-gluconate (Figure 2).

Due to the presence of unique biochemical features in the isolated LAB, it was pos-
sible to notice differences in the utilization of carbohydrates by the LAB depending
on their origin (Figure 3). Bacteria were divided into two groups, referring to the re-
search material from which they were isolated: flowers and honeybee products. LAB
isolated from flowers more often displayed the ability to utilize carbohydrates such as
D-sorbitol, methyl-D-glucopyranoside, D-lactose, D-melibiose, D-melezitose, D-raffinose,
D-turanosel, and D-tagatose. LAB isolated from honeybee products more often uti-
lized methyl-D-mannopyranoside, N-acetylglucosamine, amygdaline, arbutin, salicin,
D-maltose, D-saccharose, D-trehalose, gentiobiose, and gluconate. However, in the case of
carbohydrates such as D-xylose, D-mannitol, D-cellobiose, inulin, and D-xylose, the origin
of the bacteria did not significantly affect the result. The highest dissimilarities were noted
in the case of D-sorbitol, D-melibiose, and D-tagatose, where the differences between the re-
sults were greater than 63% (Figure 2). Enzymatic activities related to the microbiota of the
digestive pathway of honeybees break down complex sugars belonging to the diet of these
insects. Honeybees collect pollen rich in carbohydrates to provide food and support the
entire colony [44]. Buron-Moles et al. (2018) conducted a study on 56 LAB strains and, simi-
lar to the studies presented above, all strains were able to degrade D-galactose, D-fructose,
D-mannose, and D-glucose. In the case of D-tagatose, the results conducted there differed
significantly from the results of our study, indicating the differentiation in LAB metabolism
due to the strain and the origin of the isolate [44]. Reduction of monosaccharides and
disaccharides was variable and was a strain-dependent trait. D-melezitose was the most
degradable polysaccharide among 41 strains, while 6 strains utilized D-raffinose, and
2 isolates reduced inulin. The tested LAB displayed a low ability to metabolize polyols,
except for D-mannitol and D-sorbitol, where the number of LAB strains demonstrating the
ability to reduce them was 43 and 33 isolates, respectively. The greatest reduced salt was
potassium 2-ketogluconate, where 11 LAB strains showed the ability to degrade it. Previous
studies also demonstrated the low ability of LAB to metabolize salts and polyols [44,45].
Additionally, the obtained results were divided into two clusters according to the research
material from which the isolates were obtained: LAB strains isolated from flowers and
strains isolated from honeybee products. The acquired results were compared to each other,
and it was noticed, inter alia, that LAB strains isolated from flowers more often degraded
polyols such as D-sorbitol or D-mannitol, and bacteria isolated from honeybee products
more often showed the ability to utilize salt. Looking at the results obtained, it can be
concluded that the LAB origin affects their ability to metabolize carbohydrates.
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Figure 2. Utilization of sugars by isolated strains of lactic acid bacteria. The darker color indicates a

positive test result, and a lighter one—a negative result.
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Figure 3. Percentage of isolated LAB strains capable of utilizing given sugars.

4. Conclusions

As a result of the research, 51 LAB strains were isolated from flowers and 25 strains
from honeybee products. So far, there has been a small number of scientific papers
dealing with the topic of LAB research in honeybee products. Among 76 isolated LAB,
3 species of bacteria were identified (Pediococcus pentosaceus, Pediococcus acidilactici, and
Lactiplantibacillus plantarum). The isolated strains were characterized for their ability to
produce carbon dioxide and it was reported that most of them possessed this ability. All
LAB were characterized by the capability to produce biomass and lactic acid, but these
values were unique for an individual strain of bacteria. API 50 CH tests showed that all
isolated strains utilized six carbohydrates. The potential of LAB to degrade sugars turned
out to be a strain-dependent trait and often depended on the place of origin of a given
strain and strains isolated from flowers more often preferred to utilize different sugars than
those isolated from honeybee products.
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These studies are preliminary and further investigations will be completed in order
to gain a comprehensive view of potential beneficial effects of LAB isolates. In the future,
they will be fully characterized in terms of their antagonistic activity (screening) against
honeybee pathogens (e.g., Paenibacillus larvae, Melissococcus plutonius), the ability to produce
biofilms, the capability to detoxify insecticides (especially neonicotinoids), survival in the
simulated honeybee GIT and sugar syrup, identification of metabolites, and other tests
in vitro and in vivo that determine probiotic abilities. Finally, top strains will be identified
by genetic methods. The intention of the authors is that the isolated strains, after testing
in vitro and in field studies on honeybees for probiotic characteristics, will be able to be
applied in the construction of an ecological protective preparation for honeybees.

Since MALDI-TOF generated low-confidence identification for some isolates, of the
76 isolates obtained in this study, we took 51 for further research, considering the others as
their clones.
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