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ABSTRACT

Background. The available literature does not provide data on the application of probiotic strains in mush-
room processing. The aim of the study was to evaluate the potential to use the L. plantarum 299v strain with
documented probiotic properties in the process of lactic fermentation of button mushroom fruiting bodies
(Agaricus bisporus).

Materials and methods. Fresh button mushroom fruiting bodies and cultures of lactic acid bacteria L. plan-
tarum 1b and a probiotic strain L. plantarum 299v were the material analysed. Sensory evaluation was per-
formed with a 5-point scale, an instrumental method of colour measurement based on the CIA L*a*b* scale,
total phenolic compounds were determined with the Folin method, antioxidant properties were assayed with
the DPPH radical test, and reducing power was determined using the FRAP method.

Results. After a week-long lactic fermentation, the pH value in the samples declined to a level of 3.6 (L. plan-
tarum 1b) and 3.75 (L. plantarum 299v); these values persisted or decreased slightly during the period of
maturation of the fermented samples under refrigeration. Fermented mushrooms were assigned high grades
in the organoleptic evaluation. The colour analysis revealed significant changes in the values of the L*a*b*
parameters in the fermented product, in comparison with fresh mushrooms. Blanching contributed to a sig-
nificant decrease in the content of total phenolic compounds in the mushroom fruiting bodies and to a decline
in antioxidant activity. Mushrooms fermented with the probiotic strain were characterised by higher phenolic
compound content and higher antioxidant activity.

Conclusion. L. plantarum 299v strain with documented probiotic properties can be applied in fermentation of
button mushroom fruiting bodies. Products obtained with the use of both strains were characterised by good
sensory properties. The type of strain used in the lactic fermentation of mushroom fruiting bodies had an ef-
fect on the phenolic compound content and antioxidant properties of the final product.

Key words: Agaricus bisporus, fermented mushroom, probiotic bacteria, phenolic compound, antioxidant
activity, colour

INTRODUCTION
Mushrooms are consumed primarily for their taste. 2004). Mushrooms should be eaten or processed im-
However, there is a growing interest in their health-en-  mediately after harvesting, as then they have the high-

hancing or medicinal properties associated with their  est nutritional value. The oldest method of mushroom
chemical composition (Rajewska and Batasinska, processing is drying. Other popular methods include
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freezing and producing marinades and sterilized
mushrooms canned in brine (Bernas et al., 2006). For-
merly, using table salt at a concentration of 15-25%
was a popular method for preserving mushrooms; in
some Asian and European countries, including Poland,
fermentation was a traditional method. The popular-
ity of this method is evidenced in the Kuchnia Polska
cookbook (compiled in 1977). Red pine mushrooms
(Lactarius deliciosus), boletus (Boletus edulis), slip-
pery jack mushrooms (Suillus luteus), and some mush-
rooms belonging to the genus Tricholoma were rec-
ommended for fermentation. The method was used not
only in households but also on an industrial scale. In
a comprehensive monograph on mushroom process-
ing, Mering (1955) describes the technology of lactic
fermentation thereof. As shown by the author, red pine
mushrooms were usually fermented on an industrial
scale in Poland, and the method was most popular in
the countries of the former Soviet Union and Czecho-
slovakia. Mushrooms were fermented in open casks
or, on a smaller scale, in 200 L oak barrels. Red pine
mushrooms were fermented raw, while other species
were blanched. The fermentation mixture contained
1.5% salt and 1.5% sugar, as well as an inoculum of
0.5 L of sour milk per 100 kg of mushrooms. Similar
formulations can be found in the very few scientific
publications available.

Mushrooms contain low amounts of total soluble
sugars. Tsai et al. (2007) found that mannitol was the
major soluble sugar in fresh fruiting body of Agaricus
bisporus. Glucose represented the second highest pro-
portion with its contents in the range of 17.6-28.1 mg/g
dry matter. The fruiting body of button mushrooms also
contains fructose (0.62—6.02 mg/g dry matter), lactose
(0-3.8 mg/g dry matter), sucrose (0.41-1.48 mg/g
dry matter), and trehalose (0.88-5.31 mg/g dry mat-
ter). Additionally, lactic acid bacteria, including pro-
biotic strains, exhibit varied degrees of the utilisation
of these carbon sources (Hedberg et al., 2008). Avail-
able sources recommend the addition of sugar in the
fermentation process (Jabtonska-Rys and Stawinska,
2012; Jabtonska-Rys$ et al., 2005; Jabtonska-Ry$ et
al., 2016; Joshi et al., 1996; Mering, 1955; Milanovi¢
et al., 2010; Niksic et al., 1997; Skapska et al. 2008;
Stojanovic et al., 1994); only Krel3 and Lelley (1991)
carried out lactic fermentation of mushrooms without
the addition of sugar. The majority of authors indicate
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the need for the brief cooking of mushrooms prior to
the fermentation process and the use of starter cultures
in the natural form of supplementation with sour milk
(Mering, 1955) or sauerkraut juice (Krel3 and Lelley,
1991) or in the form of the addition of lactic acid bac-
terial strains (Jablonska-Ry$s and Stawinska, 2012;
Jabtonska-Rys et al., 2005; Jabtoniska-Rys et al., 2016;
Joshi et al., 1996; Milanovic et al., 2010; Niksic et al.,
1997; Skapska et al., 2008).

Probiotic strains are currently used in dairy prod-
ucts. Probiotic LAB have also been applied in non-
dairy probiotic beverages (Prado et al., 2008; Yoon
et al., 2004; Yoon et al., 2005; Yoon et al., 2006) and
other plant-derived products, e.g. fermented oatmeal
gruel (Molin, 2001). There are also reports of the
probiotic strains application as starter cultures for
fermented sausage (Rubio et al., 2013) or other meat
products (Neffe-Skocinska et al., 2015; Stadnik and
Dolatowski, 2015).

The lack of literature data on the use of probiotic
strains in mushroom processing has prompted investi-
gations into the potential application of the Lactobacil-
lus plantarum 299v strain with documented probiotic
properties in the process of lactic fermentation of but-
ton mushroom fruiting bodies. This research involved
assessing the course of the fermentation process based
on observation of the pH parameter, organoleptic as-
sessment of the products, colour analysis, and evaluat-
ing the total phenolics content and antioxidant activ-
ity of raw material, intermediate products, and final
products.

MATERIALS AND METHODS

Materials

The study material was fruiting bodies of the button
mushroom Agaricus bisporus purchased from a pro-
ducer and intended for further processing immediately
after harvest (maximum after 4 h). The starter cultures
were two strains of lactic acid bacteria (LAB), Lac-
tobacillus plantarum Ib (obtained from the culture
collection held by the Department of Biotechnology,
Human Nutrition and Food Commodity Science, Uni-
versity of Life Sciences in Lublin, Poland), used in
previous investigations (Jabtonska-Rys$ et al., 2005;
Jabtonska-Ry$ and Stawinska, 2012; Jabtonska-Ry$
et al., 2016) and strain Lactobacillus plantarum 299v
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with documented probiotic properties (Probi AB,
Lund, Sweden). LAB were propagated twice in MRS
broth (Biocorp, Warsaw, Poland) and incubated (TK-2,
Cabrolab, Warsaw, Poland) overnight at 30°C. After
centrifugation (MPW 350-R, MPW, Warsaw, Poland)
at 1400xg for 10 min, microbial cells were harvested
and washed twice in sterile 0.9% NaCl (P.O.Ch., Gli-
wice, Poland) before inoculation.

Preparation of fermented mushrooms

Fruiting bodies with a diameter of 3.5-4.5 cm with
stipes trimmed short were chosen for the fermentation
process. The mushrooms were cleaned thoroughly to
remove substratum debris, washed, and blanched in
boiling water for 2 min. The fermentation procedure
was based on a previous study (Jabtonska-Rys et al.,
2016). After cooling, 2% (w/w) NaCl and 1% (w/w)
sucrose were added. Additionally, one experimental
combination was supplemented with pepper, crushed
bay leaves, and onion slices in the following amounts:
0.1, 0.2, and 5%, respectively. The material prepared
in this way was left for 2 hours to obtain juice. Next,
starter cultures (L. plantarum 1b or probiotic L. plan-
tarum 299v) were inoculated into the mushrooms to
achieve an initial level of 107 cfu/g of the product. The
mushrooms were mixed with inocula and placed tight-
ly (to remove air) in 500 mL glass jars. Following this,
70 mL of a 2% salt solution was added and the jars
were then closed. Lactic fermentation proceeded for
8 days at 21-22°C, after which the fermented mush-
rooms were stored at 5°C for 5 weeks for maturation
to proceed. After 43 days of the experiment, fermented
mushroom samples were collected for analysis. The
fermentation process was performed in triplicate.

The following mushroom samples were analysed
as part of the research: FM — fresh mushrooms, BM
— blanched mushrooms, LP — mushrooms fermented
using L. plantarum 1Ib, PLP — mushrooms fermented
using probiotic L. plantarum 299v, LPS — mushrooms
fermented using L. plantarum 1b with spices. Colour
analysis was carried out immediately after the wash-
ing process (WM sample — washed mushrooms).

Determination of pH

Evolution of pH was monitored at days 0, 1, 2, 3, 4,
and 8 of fermentation and after 15 and 43 days of re-
frigerated storage.

www.food.actapol.net/

Microbiological analyses

Analyses were performed on the homogenized prod-
uct (mushroom fruiting bodies with brine) on the first
day (initial level of LAB) and final day of the experi-
ment (the content of LAB in the final product). The
count of lactic acid bacteria was determined using the
plate method on MRS agar (PN-ISO 15214:2002).

Analysis of dry weight

Calculations of total phenolic contents and antioxidant
activities were performed on a dry-weight (DW) basis.
Mushroom samples were dried in a laboratory dryer
(SML 32/250, Zalmed, Warsaw, Poland) at 105°C un-
til a constant weight was reached.

Analysis of total phenolic contents
and antioxidant activities

Mushroom sample preparation. The extraction
procedure, analysis of total phenolic compounds and
determination of antioxidant activities were based on
a method described by Jabtonska-Ry$ et al. (2016)
with some modifications. Mushroom samples were
frozen at —20°C for 24 h and then lyophilized in an
Alpha 1-2 LD plus freeze-dryer (Martin Christ, Os-
terode am Harz, Germany) for 72 h. The condenser
temperature was set at —60°C, the vacuum was main-
tained at 0.8 mbar, and the shelf temperature was set at
25°C. The lyophilized materials were ground (Spotem
WZ-1 mill, Warsaw, Poland) and then 1 g of the mush-
room sample was subjected to extraction using 30 mL
of 80% (v/v) ethanol in a shaker (Elpan 357, Elpan,
Lubawa, Poland) at 80°C and 175 rpm for 1 h. The ex-
tracts obtained were centrifuged (MPW 350-R, MPW,
Warsaw, Poland) at 4800xg for 15 min and then used
for analysing the total phenolic compounds and deter-
mining antioxidant activities.

Determination of total phenolic contents. Ethanol
extract samples of 0.2 mL were mixed with 0.8 mL
of Folin-Ciocalteu reagent (P.O.Ch., Gliwice, Poland)
previously diluted with water to 1:10 (v/v). After
3 min, 1.25 mL of 7% Na,CO, (P.O.Ch., Gliwice, Po-
land) was added. The mixture was vortexed (TK3S,
Kartell, Noviglio, Italy) for 15 s and allowed to stand
in the dark for 30 min. The absorbance was then
measured at 765 nm using a Helios Gamma apparatus
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(Thermo Fisher Scientific, Waltham, Massachusetts,
USA). Results were expressed as mg of gallic acid
equivalents (GAE) per 1 g of mushrooms on a dry-
weight (DW) basis.

Determination of DPPH radical-scavenging activi-
ties. Each 0.2 mL ethanol extract was mixed with 0.8
mL of a 0.2 mM DPPH ethanol solution. The mixture
was shaken (TK3S, Kartell, Noviglio, Italy) for 15
seconds and left to stand for 15 minutes in the dark.
The absorbance was measured at 520 nm using He-
lios Gamma apparatus (Thermo Fisher Scientific,
Waltham, Massachusetts, USA). Antioxidant activity
was expressed as pmol of Trolox equivalents (TE) per
1 g of mushrooms (DW).

Determination of ferric reducing antioxidant pow-
er (FRAP). FRAP reagent was prepared by mixing
a 300 mM acetate buffer at pH 3.6 with a 2,4,6-tri(2-
-pyridyl)-1,3,5-triazine (TPTZ) (Sigma-Aldrich, Po-
znan, Poland) solution (10 mM TPTZ in 40 mM HCI),
and a 20 mM FeCl,-6H,O solution at a 10:1:1 ratio.
Each 0.1 mL ethanol extract was mixed with 1.9 mL
of FRAP reagent. After 15 min of incubation (water
bath W610, LABOPLAY, Bytom, Poland) at 37°C
in the dark, the absorbance was measured at 593 nm
using Helios Gamma apparatus (Thermo Fisher Sci-
entific, Waltham, Massachusetts, USA). Results were
reported as umol of Trolox equivalents (TE) per 1 g of
mushrooms (DW).

Sensory analysis. The analysis of sensory param-
eters (fragrance, colour, taste, texture) of fermented
mushrooms was scored on a 5—1 scale (5 = excellent,
4 = very good, 3 = good, 2 = bad, 1 = very bad) by
a panel of seven judges.

Colour analysis. The L* (whiteness or darkness), a*
(greenness or redness), b* (blueness or yellowness) col-
our values of mushrooms were determined using a X-
Rite Color® Premiere 8200 spectrophotometer (X-Rite
Incorporated, USA). Measurements were performed
using a D65 light source and a standard colorimetric ob-
server with a 10° field of view. The colorimeter was cal-
ibrated with respect to the white pattern. Measurements
were carried out on the top layer of the mushroom caps;
colour analysis was performed in 15 replicates.
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Statistical analysis. The results were recorded as
mean values +standard deviation (SD) and compared
using a one-way analysis of variance (ANOVA) at
p < 0.05 with STATISTICA 9 (StatSoft, Krakéw, Po-
land). Tukey’s test was carried out to compare the data.
Correlations between polyphenol contents and antioxi-
dant activities were calculated using Office Excel 2007.

RESULTS AND DISCUSSION

pH and microbial quality

After a 1-week lactic fermentation process, the pH
value declined to a level of 3.6 (L. plantarum Ib) and
3.75 (L. plantarum 299v); these values persisted or
decreased slightly during the maturation period of
the fermented samples under refrigeration storage
(Fig. 1). The pH value of fermented foods is an impor-
tant factor for extending product shelf life and micro-
bial safety. Therefore, it is important to obtain a rap-
id and large reduction in the pH value in fermented
mushrooms. At 5°C, the fermented mushrooms were
stable for 5 weeks with no sign of microbial spoilage,
after which the mushroom samples were collected
for the final analysis. The count of lactic acid bacte-
ria in the final products (43 days after setting up the
experiment) was 5.5x10% cfu/g, 9.2x107 cfu/g, and
4.0x108 cfu/g in mushrooms fermented using L. plan-
tarum 1b, L. plantarum 299v and L. plantarum Ib with
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Fig. 1. Evolution of pH values of fermented mushrooms:
LP — mushrooms fermented using L. plantarum b, PLP —
mushrooms fermented using probiotic L. plantarum 299v,
LPS — mushrooms fermented using L. plantarum Tb with
spices
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spices, respectively. In the investigations conducted
by Skapska et al. (2008), the count of inoculated LAB
was 7.3 log jkt/g. After 4 days, the count of fermenta-
tion bacteria increased to over 9 log jkt/g, and subse-
quently decreased to c. 8 log jtk/g in the 7-week stor-
age period.

Total phenolic contents and antioxidant
activities

The total phenolic contents in mushrooms are shown
in Figure 2. In fresh mushroom fruiting bodies, the
total phenolic content was 4.87 mg of GAE/g DW.
The blanching process contributed to a significant
(» < 0.05) decrease in phenolic contents in the fruiting
bodies of button mushrooms to a level of 3.47 mg of
GAE/g DW. The lactic fermentation process exerted
a varied effect on the content of these compounds, de-
pending on the strain used. A significant decrease in
the content of phenolic compounds was observed in
the samples supplemented with the L. plantarum 1b
strain. In turn, the sample fermented with the probi-
otic strain exhibited a slight, but not statistically sig-
nificant, increase in this parameter, compared with the
blanched mushrooms (3.55 mg of GAE/g DW).

Two methods were used for evaluation of the an-
tioxidant activities of fresh, blanched, and fermented
button mushrooms. The 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method is based on neutralization of a stable
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Fig. 2. Total phenolic contents: FM — fresh mushrooms, BM
— blanched mushrooms, LP — mushrooms fermented using
L. plantarum Ib, PLP — mushrooms fermented using probi-
otic L. plantarum 299v, LPS — mushrooms fermented using
L. plantarum Ib with spices. *Different letters denote statis-
tically significant (p < 0.05) differences
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DPPH radical by antioxidants present in fermented
mushrooms. The ferric reducing antioxidant power
(FRAP) method was used for measurement of the
reducing activity of the mushrooms. The results are
shown in Figure 3 and 4. Fresh fruiting bodies were
characterised by the highest antioxidant activity, i.e.
26 umol TE/g DW and 16.25 umol TE/g DW, respec-
tively, for the FRAP and DPPH methods. Blanching
caused a significant (p < 0.05) decrease in antioxidant
activities to the levels of 17.16 pmol TE/g DW and
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Fig. 3. The ferric-reducing antioxidant power (FRAP): FM
— fresh mushrooms, BM — blanched mushrooms, LP — mush-
rooms fermented using L. plantarum Ib, PLP — mushrooms
fermented using probiotic L. plantarum 299v, LPS — mush-
rooms fermented using L. plantarum Ib with spices. *Differ-
ent letters denote statistically significant (p < 0.05) differences
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Fig. 4. Scavenging activities against DPPH radicals: FM —
fresh mushrooms, BM — blanched mushrooms, LP — mush-
rooms fermented using L. plantarum Ib, PLP — mushrooms
fermented using probiotic L. plantarum 299v, LPS — mush-
rooms fermented using L. plantarum Tb with spices. *Differ-
ent letters denote statistically significant (p <0.05) differences
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12.64 pumol TE/g DW for the FRAP and DPPH meth-
ods, respectively. As in the case of phenolic compound
content, the lactic acid fermentation process had a var-
ied effect on antioxidant properties. In both methods,
the highest values were found for samples fermented
with the probiotic strain, and the values were lower
than for the blanched samples. There were no signifi-
cant differences in the phenolic compound content and
antioxidant activity between samples fermented with
the L. plantarum Ib strain with or without the addition
of spices.

Strong correlations were obtained between the total
phenolic content and the ferric-reducing antioxidant
power, and between the total phenolic content and the
scavenging activity determined using the DPPH radi-
cal (R=0.972 and R= 0.783, respectively).

The available literature provides many reports of
the phenolic compound content and antioxidant activ-
ity in fresh and blanched mushrooms fruiting bodies,
while there are few such data for fermented mush-
rooms. Similar contents of phenolic compounds to
those presented in this paper were reported by Bernas
et al. (2006), Palacios et al. (2011), and Jaworska et al.
(2015), i.e. 2.9-5.4 mg/g DW, ca. 3.5 mg/g DW, and
4.83 mg/g DW, respectively. In their investigations of
wild and cultivated white button mushrooms, Tajalli
et al. (2015) showed a wide variation in the content
of phenolic compounds ranging from 3.61 to 9.61 mg
GAE/g DW. The values obtained in studies conducted
by other authors are also substantially higher, i.e. from
8 to 12.3 mg/g DW (Dubost et al., 2007; Ghahremani-
Majd and Dashti, 2015; Skapska et al., 2008). Skapska
et al. (2008) reported that blanching button mush-
rooms caused a 60% decrease in total polyphenol con-
tent and a 54% decrease in antioxidant activities, with
further decreases noted during ongoing fermentation.
However, after 3 weeks of refrigerated storage, a ris-
ing tendency was found. The research carried out by
Jabtonska-Rys et al. (2016) concerning the assessment
of selected quality parameters of fermented oyster and
chanterelle mushrooms indicated that heat treatment
preceding the fermentation process had the greatest
influence on the level of antioxidant activity and phe-
nolic compound content.

The decrease in the content of phenolic compounds
and the reduction of antioxidant activity noted in the
blanching process can be caused by the impact of
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high temperature and leaching of water-soluble com-
pounds. Heating during cooking can destroy the chem-
ical structures of polyphenols and can cause a decrease
in the antioxidant activities of mushrooms (Barros et
al., 2007). In turn, the possible increase in these values
observed in some fermented samples can be explained
by enzymatic hydrolysis run by LAB enzymes, which
may convert bound phenolic compounds to the free
form, thereby increasing their extraction rate.

Sensory analysis

Among the four parameters, fermented mushroom
texture received the highest scores; irrespective of
the experimental combination, this characteristic was
scored 5 (Fig. 5). The highest scores for aroma and
taste were assigned to the experimental combination
with the spices; mushrooms fermented without these
additives were evaluated similarly, but slightly higher
scores were given to the sample fermented with the
L. plantarum 1b strain. In terms of colour scores,
samples fermented with the probiotic strain received
a higher score (4.5) than the samples with L. planta-
rum Ib (4.3). Interestingly, the addition of the spices

fragrance
5

colour

texture

taste

LPp  —@—pLP —A—LPS

Fig. 5. Sensory analyses: LP — mushrooms fermented using
L. plantarum Tb, PLP — mushrooms fermented using probi-
otic L. plantarum 299v, LPS — mushrooms fermented using
L. plantarum Ib with spices
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contributed to the increase in the score to 4.5, which
was also reflected in the results of the instrumental col-
our analysis, where the value of parameter L*, despite
the lack of statistically significant differences, was
highest in the combinations with the probiotic strain
(PLP) and addition of the spices (LPS). This may be
explained by the bleaching properties of onion. Bernas
and Jaworska (2015) reported that an aqueous onion
extract inhibited enzymatic browning of A4. bisporus
fruiting bodies and had a beneficial effect on the col-
our of mushrooms during 8-month frozen storage.

Colour of mushrooms

The results of analysis of the colour of fresh and pro-
cessed mushrooms are shown in Table 1. Lightness
is the most common parameter used in the literature
for assessment of mushroom colour. The full inten-
sity range of lightness expressed as the L* value is
0-100 units, where 0 (darkness) represents total dark-
ness and 100 (whiteness) represents bright white. The
L* value was highest for the fresh samples of button
mushrooms (93.23). Compared with literature data,
the value is high. Similar results in the range of 90
units are only reported by Xiangyou et al. (2014).
Gatgzka-Czarnecka and Krala (2009) report a value
of the L* parameter of 81.7 for fresh mushrooms, and

Table 1. Colour analysis

Value of colour parameters

Samples L " "
FM 93.23 £1.05* 0.57 £0.48° 12.75 £1.41¢
WM 88.74 £3.40*  3.12+1.37° 16.16 +£2.42°
BM 76.06 +£1.76¢ 2.22 +£1.23 18.46 £1.15°
LP 76.89 +2.37¢ 2.03 £0.942> 23.75 +£2.85°
PLP 77.43 £1.26° 1.74 +£0.99°¢ 25.50 +1.55°
LPS 77.55+1.97¢  1.85+0.58" 23.24 +£2 .45

FM — fresh mushrooms, WM - washed mushrooms, BM
— blanched mushrooms, LP — mushrooms fermented using
L. plantarum 1b, PLP — mushrooms fermented using probiotic
L. plantarum 299v, LPS — mushrooms fermented using L. plan-
tarum 1b with spices.

In each column, different letters denote statistically significant
(p <0.05) differences.
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Berna$ et al. (2006) describe values in the range of
83-87. It should be emphasised that our mushrooms
were purchased directly from the manufacturer, which
allowed rapid processing and analyses of fresh mate-
rial immediately after harvest. Colour is a very impor-
tant parameter of mushroom quality, indicating their
freshness. At room temperature, browning of fruiting
bodies takes place within a few hours, as a result of
enzymatic degradation of phenols to quinones, which
condense to dark melanins (Damigcka and Szudyga,
2006).

The process of washing contributed to a significant
decrease in lightness (88.74), and blanching resulted
in a further statistically significant decrease in the
value of the L* parameter to the level of 76.06. The
deterioration in colour lightness in mushrooms caused
by washing and blanching may reach values between
9 to even 26% (Galazka-Czarnecka and Krala, 2009;
Jaworska et al., 2008).

In the fermented samples, a slight increase in the
value of the L* parameter was observed; however, this
increase was not statistically significant. Similarly,
no significant differences between the products ob-
tained with the application of the different strains were
observed.

The fresh mushrooms were characterised by the
lowest value of the a* parameter, i.e. redness (0.57),
which was highest in the washed (3.12) and blanched
(2.22) mushrooms. The fermentation process contrib-
uted to a significant reduction, to the level of 1.74—
2.03, in the proportion of redness in the colour struc-
ture. The type of the strain used had no statistically
significant effect on the differences in the values of
the parameter. Fresh mushrooms were also character-
ised by the lowest value of the b* parameter, i.e. yel-
lowness (12.75). This value increased to 16.16 after
the washing process and 18.46 after blanching. The
fermentation process caused a further significant in-
crease in the value of this parameter to the level of
23.24-25.5. Again, the type of the strain applied had
no statistically significant effect on the differences in
the value of the parameter.

CONCLUSION

In summary, our results showed that the L. planta-
rum 299v strain with documented probiotic properties
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can be used in the process of fermentation of button
mushroom fruiting bodies. The pH in the final product
reached a level below 4, which ensured long shelf life
and microbiological quality as well as a LAB count
of 9.2x107 cfu/g. Mushrooms fermented with the pro-
biotic strain exhibited significantly higher contents of
phenolic compounds and higher antioxidant activity
in comparison with mushrooms fermented with the L.
plantarum 1b strain. The product was also character-
ised by good sensory qualities.
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