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Abstract

In this study, the effect of inoculation of probiotic strain of Lactobacillus plantarum PTCC on physicochemical,
microbial, textural and sensorial properties of pickled button mushrooms (Agaricus bisporus) was investigated.
For this purpose pickled mushroom was produced using apple vinegar and salt and inoculated by L.plantarum.
The characteristics of fermented and inoculated product were compared with control sample during storage (1, 7,
13 and 19 days). The results showed that the inoculated sample had a low pH and high acidity, which preserves
the health of the product and prevents its spoilage. The L. plantarum in the inoculated sample was significantly
effective in reducing nitrite content. The presence of bacteria caused a decrease in the amount of phenol in the
samples but did not have a significant effect on the antioxidant activity. Lactic acid was the main acid in inoculated
samples. Microbial analysis of the samples containing L. plantarum bacteria showed that the population of L.
plantarum, yeast and the microbial total count increased initially and then decreased. In the samples without
bacteria, the yeast population increased and then remained almost constant, and the total number of microbes
decreased to a small amount after increasing. The colorimetric results showed that the samples containing bacteria
had higher brightness, lower a* and higher Hue angle than the samples without bacteria, but the presence of
bacteria had no significant effect on b* and chroma. The force required to penetrate the sample containing bacteria
was less than the sample without bacteria in texture analysis. In the sensory evaluation, the sample containing
bacteria had high sensorial scores. In general, the results of this research showed that the use of L. plantarum can
increase the shelf life of button mushroom, while maintaining some nutritional and sensorial properties.
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Fermentation of button mushroom by Lactobacillus plantarum PTCC 1745 to increase
shelf life and evaluate the properties of the final product

EXTENDED ABSTRACT

Introduction: Edible mushrooms have high amounts of important nutrients and bioactive substances like proteins,
polysaccharides, amino acids, minerals, vitamins and polyphenols. White button mushroom (Agaricus bisporus)
is the most common edible mushroom all over the world that is very perishable due to its high nutrients and
moisture contents, enzymatic activity and respiration rate. So, various approaches have been used to extend its
shelf life. For example, thermal treatment, freezing, coating, packaging, irradiation and ultrasound were utilized
to conserve mushroom during storage. Biological methods are widely applied to protect raw fruits and vegetables
during storage. Lactic acid fermentation is a biological way can improve food products shelf life and sensorial
properties as well as their beneficial characteristics for consumer health. Lactic acid bacteria that are inoculated
in fermented food products are very beneficial bacteria with antibacterial and antifungal activities which can
improve the final products shelf life. Moreover, they produce bioactive substances which are good for human
health. In this study we aimed to produce mushroom pickle inoculated with L. plantarum.

Materials and methods: Button mushroom pickle was produced and inoculated with L. plantarum. Control
samples were also produced without inoculation. The samples were stored fore 19 days and their physicochemical,
textural, color and sensorial properties were compared during storage. pH, acidity and nitrite contents of samples
were measured according to standard protocols. The extract of samples was taken out using extractor solvent
(ethanol/ water). Total phenolic content, antioxidant activity and organic acids content were assessed using Folin-
ciocalteu reagent, the free radical scavenging activity (DPPH) and HPLC methods, respectively. Microbial
analysis including L. plantarum, Enterobacteriaceae, yeasts and total microbial counts was carried out using
MRSA, VRBA, SDA and NA cultures, respectively. Color and textural tests were done by use of Hunter Lab and
texture analyzer devices, respectively. Finally, the panelists examined the sensorial properties of samples. The
results were analyzed using factorial design and Expert Design software.

Results: Inoculated samples had low pH and high acidity. L. plantarum reduced nitrite and phenolic contents.
Lactic acid was the main acid in inoculated samples where acetic acid was the dominant acid in samples without
inoculation. Addition of L. plantarum did not affect the antioxidant activity, b* and chroma indexes. But, a* were
lower in inoculated samples. Insertion of L. plantarum resulted in lighter and softer texture of product. In microbial
analysis, an initial increase was observed in the population of L. plantarum, yeast and the microbial total count
which proceeded with a decrease. In the samples without bacteria, the yeast count remained constant after
development and the microbial total count increased and then decreased. Enterobacteriaceae was not observed in
none of the samples. Sensorial properties of inoculated samples were higher than the other ones.

Discussion and Conclusion: L. plantarum is a lactic acid bacterium so it could reduce pH and improve acidity
of samples by acid production. Lactic acid bacteria can decrease nitrite content by enzymatic reactions. Nitrite
reductase is an enzyme in L. plantarum that can reduce nitrite. L. plantarum decreased the phenolic contents by
inverting them to aromatic substances. There was a direct relation between phenolic content and antioxidant
activity. Lactic acid is produced by L. plantarum and lactic acid bacteria. Moreover, lactic acid bacteria can
metabolize citric acid to lactic acid and other flavor inducing materials. It seems that at higher pH, acetic acid is
produced in more contents which can be the reason for high concentration of acetic acid in samples without
inoculation. Due to anaerobic condition in containers, L. plantarum increased initially and then as concentration
of acids increased and the nutrients decreased, L. plantarum population decreased. Acidic condition is suitable
for yeasts but, due to antifungal activity of lactic acid bacteria, it decreased. Yeasts were the dominant microbes
in samples without inoculation. pH reduction, acid production and antimicrobial substances inhibited
Enterobacteriaceae growth. Initial development of total microbial count was due to high concentrations of
carbohydrates and then decreased due to high acidity and antimicrobial activity of lactic acid bacteria. Hydrogen
peroxide produced by lactic acid bacteria can prevent from browning of mushroom leading to higher L* and lower
a* in inoculated samples. Inoculated samples showed softer texture probably due to enzymatic activity of L.
plantarum. Aromatic and flavor inducing metabolites of L. plantarum resulted in higher sensorial scores. In
general, inoculation of button mushroom by L. plantarum led to higher acidity, lower total microbial, yeasts and
Enterobacteriaceae counts, lower nitrite and lighter, softer texture with appropriate sensorial properties which can
extend mushroom shelf life.
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