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Abstract Propolis is a natural product produced by
honeybees. It has antioxidant effects as well as antimi-
crobial, antiseptic, antibacterial, anti-inflammatory and
antimutagenic properties. Except these important healthy
properties some cytotoxic effects causing allergies also
have been reported. In this study have been evaluated
changes of phenolic compounds including allergens
molecules found in propolis. Before biotransformation,
propolis samples were treated with different solvent
(ethanol and polyethylene glycol) to facilitate solvation of
solid samples. Biotransformation was done by three dif-
ferent strains of Lactobacillus plantarum (10, 8014,
ATCC). Results demonstrated the importance of used sol-
vent/treatment for extraction procedure and strains of L.
plantrum. The lowest values of main allergens were
determined as 321 ng/mL for BCAFE, 320 ng/mL for 1.1
DMAECAFE and 8.02 ng/mL for CAPE. The study is the
first work deal with evaluation of bioconversion of propolis
by different L. plantarum strains and their effects on phe-
nolic profile.
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Introduction

Propolis is a natural resinous bee product which is being
used to block holes and cracks, to repair combs, to make
comb strength and to defense against microorganism
(Santos et al., 2003; Valle, 2000). The honey bee produces
propolis from plant-derived compounds and bee-released
secretion compounds. Its content varies depending on the
geographic origin and the plant sources (Seidel et al.,
2008). Propolis constitutes mainly from resin, wax,
essential oils, pollen and organic compounds called “bio-
logical active compounds” including polyphenols such as
phenolic acids (benzoic acids and its derivatives, cinnamic
acids and its derivatives, phenol alcohols), flavonoids,
terpenes (sesquiterpene and triterpene hydrocarbons, ter-
pene and sesquiterpene alcohols and their derivatives) and
small amount of carotenoids, sugars and amino acids
(Bankova et al., 2014; Wagh, 2013).

Propolis has been widely used as natural products for
self-treat many diseases due to its antimicrobial, antifungal,
antiviral properties for a long time (Bankskota et al., 2001;
Ledon et al., 1997; Marcucci et al., 2001; Wagh, 2013).
Nowadays, it has been presented in drug stores in a variety
of forms including capsules, creams, powder and mouth-
wash solutions. It is still commonly used for cold syn-
dromes, wound healing (Cardile et al., 2003). The potential
health effects of propolis are strongly related to its
polyphenol compounds which could be extracted by dif-
ferent solutions such as ethanol, water (Ivanovska et al.,
1995; Krol et al., 1990; Menezes et al., 1999; Nagai et al.,
2003; Nakajima et al., 2007; Song et al. 2002). The ethanol
with high solubility nature is the most popular technique
for the production of biologically active compounds of
propolis, however usage of ethanolic extracts as therapeutic
agent is limited due to some disadvantages such as flavor,
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limitations of application in ophthalmology, otorhino-
laryngology and pediatrics (Heim et al., 2002; Kubiliene
et al., 2015).

Although propolis has been used as an alternative
medical compound due to its strong antioxidative effects,
its sensitizer effects have not been known much. The
allergic reactions against propolis have been reported for
the first time in 1990’s and the prevalence of sensitizing
patients raised from 1 to 15% since then (deGroot, 2013). It
has been shown that the most important allergic molecules
in propolis are caffeic acid esters (especially caffeic acid
phenyl ester, 1,1 dimethyl allyl caffeic acid), cinnamic
acids and its aromatic esters (benzyl cinnamate, benzyl
ferulate, benzyl isoferulate, or cinnamyl cinnamate) having
a cinnamoyl ester bond (Aliboni et al., 2010; Basista-Sol-
tys, 2013; Gardana et al., 2012; Hausen, 2005). So the
question was how these allergic molecules could be con-
verted into non- reactive ones?

Changes in the phenolic compounds during biotrans-
formation are directly related to the selected microorgan-
ism and its strains. As a result of biotransformation, the
amount of free and volatile phenols is increased and at the
same time different phenolic compounds are obtained.
Biotransformation plays an important role in the evaluation
of valuable wastes containing high phenolic compounds
(Madiera Junior et al., 2015).

Lactic acid bacteria have been one of the preferred
microorganisms during biotransformation with purpose to
improve the functions of plant matrices (Curiel et al.,
2015). Among them Lactobacillus plantarum is the most
preferred lactic acid bacteria as taking place in metabo-
lism of phenolic compounds during fermentation of dif-
ferent plant materials (Rodriguez et al., 2009). Ciafardini
et al. demonstrated that oleuropein, the main phenolic
component in olive, was first converted to aglycone form
by L. plantarum, and then converted to hydroxytrasol and
elenoic acid by the esterase enzyme that L. plantarum
possesses (Ciafardini et al., 1994). In a study conducted
with olive wastewater, it was reported that the concen-
trations of phenolic compounds such as p-hydrox-
yphenylacetic acid, vanillic acid, ferulic acid and tyrosol
were obtained during biotransformation of larger phenolic
compounds by L. plantarum strains (Kachouri and Hamdi,
2004).

Rodriguez et al. examined the ability of food phenolic
acids to be metabolized by L. plantarum. It has been found
that L. plantarum produced 4-vinyl phenol/4-ethyl phenol
from p-coumaric acid, 4-vinyl catechol/4-ethyl catechol
from caffeic acid, 4-vinyl guaiacol/4-ethyl guaiacol from
ferulic acid, 3-(3-hydroxyphenyl) propionic acid from
m-coumaric acid (Rodriguez et al., 2008).

L. plantarum have been used successfully used for
pyrogallol production from gallic acid found in wine waste
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(Akcay and Yildirim, 2013). (Thesis conducted by Yildirim
as supervisor).

Biotransformation studies related to using of lactic acid
bacteria with purpose of changes in phenolic compounds
are so promising. (Fritsch et al., 2016). However, reports
on the use of L. plantarum in propolis biotransformation
are limited. Related to the topic only the effect of L. hel-
veticus on allergen molecules of propolis has been
demonstrated (Gardana et al., 2012).

In this study were investigated the effects of different
pretreatment before biotransformation and the effects of
different L. plantarum strains during bioconversion on
phenolic contents including allergenic molecules in
propolis.

Materials and methods
Materials

The propolis samples were obtained from the local com-
pany found in Turkey. Raw solid samples were frozen,
finely ground in a mill and passed through a 35 mesh sieve
prior to beginning of biotransformation. Liquid (80%
ethanol) and solid samples were stored at -20 °C prior all
experiments.

Culture preparations

Strains of L. plantarum cultures (Lactobacillus plantarum
ATCC, Lactobacillus plantarum 10; Lactobacillus plan-
tarum 8014 from culture collection of Ege Univeristy Food
Engineering Department) were activated by growing for
48-72 h at 30 °C in MRS agar. Stock cultures were stored
at — 80 °C in 20% glycerol solutions.

Biotransformation

Propolis samples were treated with different solvents (10%
ethanol and polyethylene glycol—PEG 40%) to facilitate
salvation of solid propolis. The bioconversion was done at
30 °C/48 h under constant state conditions. Fermentations
were performed by using different strains of L. plantarum
with inoculation rate of 1.5%. As culture media was used
propolis 1 g (solid state) and 1 mL (liquid sate).

Post-biotransformation treatment

After biotransformation, obtained bio-products were trea-
ted with 70 mL of ethyl acetate and incubated at room
temperature for 10 min. The next step of phenolic fraction
extraction was followed by centrifugation of mixture at
1500x g for 5 min. The solid residue was separated with
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ethyl acetate. Obtained solid extracts were dried and dis-
solved in 100 mL methanol. After last centrifugation at
4000xg for 1 min the supernatants were diluted in
appropriate conditions for analyses.

Chemical analysis
UPLC MS/MS conditions

The stock solution (1 mg/mL) of chemical substances
(caffeic acid, caffeic acid phenethyl ester, 1,1-dimethyl
allyl ester caffeic acid, benzyl ester caffeic acid, ferulic
acid, salicylic acid, gentisic acid, catechin, chlorogenic
acid, vanillic acid and ethyl ferulate) were prepared using
acetonitrile (ACN). These standard solutions were diluted
with water/acetonitrile (50/50:v/v) mixture containing
0.1% formic acid with concentrations range of
1-10,000 ng/mL except salicylic acid diluted with con-
centrations range of 1-1000 pg/mL. These solutions were
used for drawing the calibration curves of each chemical.
The quantitative analyses were performed by using
Waters® ACQUITY™ TQD tandem quadrupole UPLC-
MS/MS system, with ACQUITY TQ detector in the elec-
trospray ionization (ESI) and multiple reaction monitoring
(MRM) mode (Waters, Milford, MA) option. This UPLC-
MS/MS system was conducted by MassLynx™ 4.1 soft-
ware. The MRM transitions, ion mode, cone voltage and
collision energy of each substance were presented in
Table 1.

The samples were separated on a Waters Acquity UPLC
BEH Cigcolumn (2.1 mm x 50 mm, 1.7 um, Waters,

Milford, MA, USA). Mobile phase A (0.2% formic acid in
water [v/v]) and mobile phase B (0.1% formic acid in
ACN) were operated with a gradient elution at 0.4 mL/min
as follows: 75% A (0-0.5 min), 75% A — 2% A
(0.5-2.1 min), 2% A - 75% A (2.1-2.7 min), 75%
A — 75% A (2.7-4.0 min). The column temperature was
set at 60 °C and the auto-sampler temperature was main-
tained at 10 °C. For MRM data collection, the capillary
voltage was 3730 V and the source temperature was set to
150 °C. The desolvation temperature was chosen to be
150 °C, the cone gas flow was 40 L/h, and the desolvation
gas flow was 600 L/h. The ion energy” value was 0.5.

Chromatograms of standard solution of chemical sub-
stances that used for propolis profiling analysis were pre-
sented in Fig. 1.

Statistical analysis

Significant differences between averages were obtained at
the 95% significance level. By using a Post-Hoc test, the
least significant differences (LSD) test was performed.
Using multivariate exploratory techniques, principal com-
ponent analysis (PCA) was performed. Principal compo-
nent analysis permits the visualization of the original
arrangement of wines in an n-dimensional space, by
identifying the directions in which most of the information
is retained. It is therefore possible to explain differences in
the various samples by means of these factors obtained
from the generalized correlation matrix of the data sets and
at the same time to determine which variables contribute
most to such differentiation.

Table 1 UPLC/MSMS

conditions for some phenolic Compounds MRM Ion mode Cone (V) Collision energy (V)
compounds CAFE 181.05 > 89.03 ES(+) 30 27
181.05 > 135.09 30 19
CAPE 283.5 > 134.9 ES(—) 40 27
283.5 > 180.0 40 24
1,1-DMAECAFE 247.2 > 133.1 ES(—) 40 40
BCAFE 269.22 > 134.13 ES(—) 40 19
269.22 > 178.11 40 19
Ferulic Acid 195.1 > 177.1 ES(+) 22 14
Salicylic Acid 137.1 > 93.1 ES(-) 30 19
Gentisic Acid 152.9 > 109.1 ES(—) 37 12
Catechin 289.1 > 2452 ES(—) 34 16
Chlorogenic Acid 353.1 > 191.2 ES(—) 27 22
Vanilic Acid 167 > 108.1 ES(-) 27 17
167 > 152.1 27 17
Ethyl Ferulate 221.1 > 133.1 ES(-) 29 24
221.1 > 206.1 29 17
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Fig. 1 Chromatograms of standard solution of chemical substances used for propolis profiling analysis

Results and discussion

In most of the study done with propolis the phenolic con-
tents have been evaluated on the base of raw materials
(Castaldo and Capasso, 2002; Croci et al., 2009). In this
study were investigated the phenolic compounds of pro-
polis after its biotransformation by different strains of L.
plantarum. The main phenolic components that were
evaluated in the study were given in Table 1. Among them
are found some special phenolics which are identified as
allergic compounds namely CAPE (phenethyl caffeate) and
BCAFE (benzyl caffeate) (Gardana et al., 2012).

The effect of preliminary treatment and relation
among phenolics

Evaluations of phenolic compounds were done in both type
of propolis form (solid and liquid). Since the solid form of
propolis is sticky and insoluble in water, industrially it is
resuspended partially by 80% ethanol. The liquid samples
were obtained from local producer (treated with 80% of
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ethanol). The solid samples were resuspended by using of
10% ethanol or 40% polyethylene glycol (PEG). During
study, dispersing of raw propolis by ethanol was used as
controlled method since it is industrially used. Using of
PEG 400 as resupended material was chosen due to the fact
that it is considered as food grade additive approved by
European Food Safety Authority (EFSA) having special
properties as dissolving hydrophobic molecules (Gardana
et al., 2012).

The least significant differences were determined for
phenolic compounds concerning using of different sol-
vents. They contents were affected by ethanol at each
percentages and PEG used as a solvent (p < 0.005). The
CAPE and 1,1 DMAECAFE compounds were influenced
by PEG solvent (p < 0.005). Ferulic acid, catechin,
chlorogenic acid and salicylic acid changed by ethanol at
both percentages and PEG used as a solvents (p < 0.005).
The relations demonstrated that among phenols found in
propolis are found complex relations so that, used solvent
could be a critical parameter for resuspension of some
phenolic compounds with different values.
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The standardized mean values of phenolic compounds
found in propolis samples obtained by different extraction
solutions and methods were seen from the Fig. 2. The order
from the highest to the lowest values concerning using of
PEG solvent was as: catechin > gentisic acid > CAPE >

1,1 DMAECAFE > BCAFE > chlorogenic acid >
CAFE > salicylic acid > ferulic acid. In study done by
Gardana et al. (Gardana et al., 2012), the best result for
propolis extraction was obtained in samples treated with
PEG solvent. Considering using of ethanol 80% the order
was changed as: ferulic acid > CAFE > BCAFE > 1,1
DMAECAFE > CAPE > gentisic acid > catechin.
Changing of ethanol percentage to 10%, changed the order
as: chlorogenic acid > salicylic acid > catechin > gentisic
acid > CAPE > ferulic acid > 1,1 DMAECAFE >
BCAFE = CAFE. The lowest values BCAFE, 1,1
DMAECAFE and CAPE were determined as 321 ng/mL,
320 ng/mL and 8.02 ng/mL, respectively.

The effect of different L. plantarum strains
and relation among phenolics

Hausen (2005) demonstrated that the most sensitizers of
propolis are as followed; phenyletyl caffeate > benzyl
caffeate > 3-methyl 2 butenyl caffeate > geranyl caf-
feate > coumaric acid > ferulic acid. Gardana et al. (2012)
stated that the allergens in propolis are mainly caffeic acid
(CA) derivatives; especially 3-methyl-2-butenyl-CA
(B3M2B), 2-methyl-2-butenyl-CA (2M2B), 3-methyl-3-
butenyl-CA (3M3B), and caffeic acid phenyl ethyl ester
(CAFE). Based on this information, the main phenolic
components which are identified as allergic compounds
namely CAPE (caffeic acid phenyl ethyl ester; phenethyl
caffeate) and 3M2B (1,1-dimethylallyl caffeate; 3-methyl-

Plot of Means
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Fig. 2 Standardized values of phenolic compounds including aller-
gen molecules found in propolis samples after treatment with
different solvents

2-butenyl caffeate), benzyl caffeate and ferulic acid were
determined.

Recently, Gardana et al. (2012) proposed a strategy to
reduce allergenic molecules in propolis by L. helveticus. It
was determined that L. helveticus significantly reduced
caffeic acid esters of propolis. Lactic acid bacteria (LAB)
as probiotic food have been used for food fermentation and
preservation for a long time (Sanchez-Maldonado et al.,
2011). Recent studies showed that Lactobacillus plantarum
has the high metabolic activity towards phenolic acids. In
our study, three different strains of L. plantarum have been
used during biotransformation. The purpose was to evalu-
ate propolis phenolics especially allergen molecules
changes during biotransformation.

The highest phenolic yields were obtained by using PEG
and ethanol (80%) as solvents which facilitate better sal-
vation of solid propolis. As could be seen from the Fig. 3,
L. plantarum ATCC strain significantly reduced allergen
molecules (CAPE, 1,1 DMEA and BCAPE) of propolis
samples obtained after treatment with 80% ethanol and
PEG. Similarly, Gardana et al. (2012) demonstrated that L.
helveticus had more effective in PEG solubilized propolis
samples compared to those of 10% ethanol solubilized.
Interestingly L. plantarum 8014 strain was more effective
in reduction of other phenolic compounds. These results
emphasized the possibilities of successful using of L.
plantarum strains for bioconversion of propolis phenols in
required manner.

Overall evaluation of date by multivariate
techniques

The eigenvalue number determined by PCA (principal
component analysis) was found to be more than 60%,

Plot of Means
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Fig. 3 Standardized values of phenolic compounds including aller-
gen molecules in propolis samples inoculated with different L.
plantarum strains
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Fig. 4 Distribution of analyses parameters (phenolic compounds
including allergen molecules) by principal component analysis for
propolis samples after biotransfomation

demonstrating the accuracy of performed analyses. As the
distribution of analyzed parameters (Fig. 4), in samples
produced by different solvents during treatment before
biotransformation (Fig. 5) have the same x- and y-values
(47.98 x 25.63) these figures were evaluated together to

determine the relationship among parameters and samples.
As a result there were determined close relations among
analyzed parameters such as catechin, gentisic acid, CAPE,
chlorogenic acid, 1,1 DMAECAFE and culture used for
biotransformation by L. plantarum 8014. The second
important result was determined concerning ferulic acid.
There was found close relation between ferulic acid and L.
plantarum ATCC culture used during biotransformation.
The last important result was related to salicylic acid.
There was demonstrated close relation between salicylic
acid and L. plantarum 8014 culture used during
biotransformation.

Results of this work reveal, that types and percentage of
solvents used for extraction and used L. plantarum strains
have an important influence on phenolic profile of propolis
composition including allergic molecules. Considering the
specific effect of these parameters bioconversion of pro-
polis by L. plantarum could be used for optimization of
propolis extract on the base of required phenolic profile.
This study demonstrated the possibilities of application of
propolis bioconversion by L. plantarum strains. The study
is the first work deal with evaluation of bioconversion of
propolis by different L. plantarum strains and their effects
on phenolic profile especially on reduction of allergic
phenolic molecules. (Patent application No: 2015/16914,
date: 25 December 2015, H. Kalkan Yildinm and E.Y.
Sozmen).
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