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Mushroom production and 
consumption

• World production of mushrooms is about 6 
million tons (FAOStat)
• China 10 kg /person /year

• Europe 1-4 kg /person /year

• Poland 2 kg /person /year
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Species most widely consumed
in Europe and the USA
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Popular and less popular species 
of wild growing edible 
mushrooms in Poland
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Chemical composition of 
edible mushrooms
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Features of mushrooms
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Factors influencing the chemical 
composition of mushrooms
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1. Species
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2. Type of substrate
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Type of substrate …
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3. Part of the fruiting body
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4. Age and size of the fruiting 
body
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Climatic conditions during 
growth
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Nutritional and health-
promoting components in 
mushrooms (in 100 g dm)
• Basic chemical components

• protein (15-35 g)

• Vitamins

• B group: B1 (0.5-1.0 mg), B2 (2-5 mg), B3 (30-70 mg), folates (0.3-0.6 
mg), vitamin D2 (22-110 µg), vitamin C (20-140 mg)

• Minerals (6-11g)
• K ((2670–4730 mg), P (493–1390 mg), Cu (0.52–3.50 mg), Mg (20–200 mg), 

Zn (4.70–9.20 mg), Se (3.90–320 µg)

• Dietary fibre (TDF, SDF, IDF) (25-55 g)
• β-glucans (0.2-0.6 g), chitin, chitosan

• Antioxidants
• phenols, carotenoids, catalaze, ergothioneine, β-carotene

• Other
• lectins, lovastatin, sesquiterpenes

Methods of analysis: HPLC, spectrophotometric, enzymatic
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Bioactive compounds
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Storage of fresh mushrooms

• Edible mushrooms are highly perishable.

• The rapid deterioration in quality is mainly caused 
by:
• high moisture content,

• enzymatic activity,

• microflora,

• biological processes.
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Main changes during storage

• deterioration of sensory qualities, chiefly colour
and texture

• fall in moisture content through evaporation

• cap opening

• stipe elongation

• decrease in nutritional value, including health-
promoting components
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Method of mushroom 
processing
• A) Pre-treatment

• Washing
• Blanching
• Vacuum soaking

• B) Processing
• Freezing
• Drying
• Sterilization
• Pickling
• Lactic acid fermentation
• Mushroom snacks e.g. mushroom jerky
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Pre-treatment

• The type of pre-treatment and the parameters of 
application should be selected according to the:
• species of mushroom,

• method of preservation,

• storage time of the finished product.
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Washing

• It is a fundamental operation in the pretreatment 
of mushrooms.
• Promotes hygiene by removing mineral contamination 

and reducing microorganism counts.

• Damages the cell membranes separating polyphenol 
oxidase from its substrates, which results in rapid 
darkening of the tissue.

• Used compounds: sodium metabisulphite, H2O2, 
EDTA, sodium erythorbate.
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Sodium metabusulphite

• Is the most effective substance for maintaining light 
colour in mushrooms but whose residues may cause 
allergic reactions in consumers,

• Inhibit polyphenol oxidase activity and reactions with 
products remaining after enzymatic reactions, 
including o-quinones, which are converted to 
diphenols by sodium metabisulphite,

• The optimal concentration of sodium metabisulphite in 
solutions used prior to freezing A. bisporus is 4000 
mg/dm3 .
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Blanching

• Water or water solutions containing compounds which prevent changes in 
mushroom colour

• sodium metabisulphite (0,2-1%), H2O2, EDTA, citric acid, sodium erythorbate.

• Time: 1-3 min, tem. 85-95ºC.

• Essential prior to freezing, canning and lactic acid fermentation.

• Mass losses 10-20%.

• Other methods
• Steam.
• Microwave - higher levels of dry matter and, ash and vitamins B1 and B2, fast 

inactivated of polyphenol oxidase.

• High isostatic pressure - inactivate micro-organisms and enzymes without 
significantly affecting flavour or vitamins, adverse effect on mushroom colour.

• Combination of microwave blanching and blanching in hot water - complete 
inactivation of polyphenol oxidase in a short time, good colour, considerable losses 
of mass and phenolic compounds.
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Vacuum soaking

• Applied prior to blanching and preservation in 
order to reduce mass loss and increase yield.

• Time 15-20 min.

Laboratory

vacuum evaporator ->
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Methods of processing 
mushrooms

• Canning

• Drying

• Freezing

• Salting

• Mushroom Jerky

• Fermenting

• Others
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Drying

• Usually hot air drying, initially at 40°C for 3 h, then at 60°C.

• Other methods:

• freeze-drying,

• freeze-drying combined with microwave drying,

• freeze-drying combined with vacuum drying,

• vacuum drying,

• vacuum drying combined with microwave drying,

• vacuum drying or freeze-drying in an adsorbent fluidized 
bed.



FOODINOVO | Erasmus+ KA2 | 2020-1-SK01-KA203-078333
Innovation of the structure and content of study programs profiling food study 

fields with a view to digitizing teaching Strategic Partnerships for Higher Education

Co-funded by the

Erasmus+ Programme

of the European Union

• Freeze-drying produces a high quality product, but is an 
expensive process.

• Microwave-vacuum drying resulted in a 70–90% decrease in 
the drying time and the dried products had better rehydration 
characteristics compared to convective air drying.



FOODINOVO | Erasmus+ KA2 | 2020-1-SK01-KA203-078333
Innovation of the structure and content of study programs profiling food study 

fields with a view to digitizing teaching Strategic Partnerships for Higher Education

Co-funded by the

Erasmus+ Programme

of the European Union

Canning - blanching is 
essential!!!

Pickled mushrooms

In glass jars.

In a sweet-salt-acidic brine solution containing 
acetic acid (1.5 to 4%), table salt and sugar.

Parameters: 85-87°C, 10-20 min.

Sterilised mushrooms

In glass jars or metal cans.

In salt or salt-acidic brine solutions containing 
approximately 2% sodium chloride and 
occasionally 0.05% citric acid, L-ascorbic acid, 
sodium metabisulphite

Parameters: 118-121°C, 10-20 min.
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Method of determining vitamin 
B1 and B2 using HPLC methods
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Vitamin B1 and B2

• All sample vessels must be made of a material 
that is impervious to UV rays (eg. brown glass) or 
wrapped in aluminum foil, windows must be 
covered, vitamin B2 is sensitive to light.

• Two days analysis.
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Vitamin B1 and B2

• Metodology
• PN-EN 14122:2004/AC:2006. Foodstuffs – Determination of vitamin B1 by 

HPLC.
• PN-EN 14152:2004/AC:2006. Foodstuffs – Determination of vitamin B2 by 

HPLC.

• Main equipment
• Sample incubator (temp. 121°C)
• SPE Baker system
• HPLC system: fluorescence detector, degasser, pump, columns thermostat, 

autosampler
• HPLC column: Bionacom Velocity C18 PLMX (4.6 mm×250 mm, 5 µm) 

(Bionacom LTD, UK) with precolumn
• SPE polypropylene column Chromabond (200 mg/3ml)

• Main reagents
• 0.1n HCl, 2.5 M sodium acetate, taka-diastase, 15% NaOH, 0.005 M 

ammonium acetate, methanol, pure water (HPLC purity), potassium 
hexacyanoferrate(III) (C6FeK3N6), 17% H3PO4, thiamine hydrochloride (purity 
≥99% ), riboflavin (purity ≥98%).
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Vitamin B1 and B2

• FIRST DAY
• 1. In a beaker with a capacity of about 20 ml, weigh 

out 0.5 g of freeze-dried mushrooms and transfer 
(pour) into a conical flask with a capacity of 200-250 
ml, add 60 ml of 0.1n HCl (use cylinder).

• 2. Place the conical flasks in the sample incubator for 1 
h, temperature 121°C (stir from time to time).

• 3. Cool samples to a temperature < 50°C (place in a 
bowl with cold water).

• 4. Adjust samples pH to 4.0-4.5 with 2.5 M sodium 
acetate.

• 5. Add 5 ml of taka-diastase solution in 2.5 M sodium 
acetate (6%) and leave for 16-18 h in a sample 
incubator at 37°C, cover with aluminum foil.
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Vitamin B1 and B2

• THE SECOND DAY
• 1. Place the conical flasks with the sample in a boiling 

water bath for 5 minutes to inactivate the enzyme, 
then immediately cool to temp. <30°C (a bowl with 
cold water).

• 2. Adjust samples pH to 5.5-6.0 with 2.5 M sodium 
acetate.

• 3. Quantitatively transfer the samples to a 100 ml 
volumetric flask using pure HPLC water, make up to the 
mark.

• 4. Centrifuge samples for 15 minutes, 5000 rpm
• 5. Filter supernatant through a filter paper into a 

conical flask (100 ml volume).
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Vitamin B1 and B2

• THE SECOND DAY
• 6. Thiochrome reaction:

• a. Reaction mixture: take 2 ml of Fe3+ solution into a 50 ml 
volumetric flask and make up to the tap with 15% NaOH.

• b. Collect 2 ml of the filtrate (point 5) into a 12 ml plastic tube.

• c. Add 2 ml of Fe3+ solution in 15% NaOH (point 6a), shake 
10 s (vortex), leave for 2 minutes.

• d. Immediately adjust pH sample to 6.8-7.0 with 17% H3PO4.

• 7. Transfer samples to centrifuge vessels and centrifuge 
for 5 minutes, 15,000 rpm.
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Vitamin B1 and B2

• THE SECOND DAY
• 8. Purification on an SPE - column SPE C18, 200 mg, 3 ml

a. SPE column activation by 2.5 ml with methanol.
b. Elution of methanol form SPE column with 2.5 ml of 

ammonium acetate (0.005 M).
c. Placing supernatant (p. 7) on the SPE column (Note - the 

sample does not fit completely !).
d. Washing the sample with 2.5 ml of ammonium acetate (0.005 

M).
e. Elution of the sample with 3 ml of mobile phase (60% of 

methanol + 40% of 0.005 M ammonium acetate) to pure 12 ml 
plastic tube.

Important: the SPE column can be used about 10 times, 
each time it must be cleaned in accordance with point 
8a-8b.



FOODINOVO | Erasmus+ KA2 | 2020-1-SK01-KA203-078333
Innovation of the structure and content of study programs profiling food study 

fields with a view to digitizing teaching Strategic Partnerships for Higher Education

Co-funded by the

Erasmus+ Programme

of the European Union

HPLC analysis

• Standards:
• thiamine hydrochloride in hydrochloric (vitamin B1),
• (-)- riboflavin in acetic acid (vitamin B2).

• Eluent: water (HPLC purity) and acetonitrile

• Elution conditions:
• Flow Rate: 0.9 mL/min

• Gradient elution: t=0 min water/acetonitrile ratio of 
88:12; t=12 min water/acetonitrile ratio of 0:100.

• Column temperature: 22°C

• Wavelengths:
• excitation 360 nm
• emission 503 nm
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Standard curves (vitamin B1 
and B2)

• Thiamine hydrochloride (purity ≥99%), 
concentration: 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 3.0, 5.0 
(µg/1ml of sample)

• Riboflavin (purity ≥98%), concentration: 0.05, 0.1, 
0.2, 0.5, 1.0, 2.0, 3.0, 5.0 (µg/1ml of sample)
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Thank you for your 
attention
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