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a  b s t r  a  c t

Basidiomycetes have several biotechnological and industrial applications such as  enzyme

production, bioremediation, pharmaceutical and functional food production. Due to  climatic

features, the preservation of several basidiomycetes is threatened, and to guarantee the

preservation of this genetic resource, the development of long-term preservation techniques

is  necessary once there is no universal protocol for the cryopreservation of basidiomycetes.

Cryopreservation is a  technique in which microorganisms are submitted to ultralow tem-

peratures. Therefore, this study aimed to collect information on the main conditions for

long-term cryopreservation of basidiomycetes in the last 20  years. Scientific articles on cryo-

preservation of basidiomycetes published from 1997 to 2016, were researched, and only the

studies on two intervals of cryopreservation were considered: from 1 to 2 years and for

longer than 2  years. The analyzed conditions of basidiomycete cryopreservation were: most

studied  genera, cryopreservation temperature, substrate, cryoprotectant (and preservation

substrate), cryopreservation period, thawing temperature and cultivation medium after

thawing, physiological and genetic stability of basidiomycetes after thawing in cryopreserva-

tion.  In  this review, the viability of the main cryopreservation conditions of basidiomycetes

studied  in the last 20  years are presented and discussed.

©  2017 Sociedade Brasileira de  Microbiologia. Published by  Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Basidiomycetes are utilized to convert agricultural and agroin-

dustrial residues into biomass, enzymes or bioremediation.1–3

Laccase production by these fungi has been applied to

blanching/decoloring and biopulping4–6 and to biodegradate

of xenobiotic pollutants.7,8 Furthermore, the spent substrate

∗ Corresponding author.
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from mushroom production has been used as  a highly valu-

able organic fertilizer, developing the economy of ecological

recycling.9

Basidiomycetes are also fundamental to the development

of pharmaceutical and functional products10 species such

as Grifola frondosa (Dicks.) Gray, Ganoderma lucidum (Curtis) P.

Karst, Lentinula edodes (Berk.) Pegler, Pleurotus ostreatus (Jacq. ex

Fr.) P. Kumm.,  Volvariella volvacea (Bulliard ex Fries) Singer11,12
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and Agaricus subrufescens Peck (Agaricus blazei Murrill; Agari-

cus brasiliensis Wasser et al.)13,14 among others. These species

are characterized by their content of �-d glucans, proteogly-

cans, triterpenes, phenolic compounds, among others, with

immune-stimulating, antitumoral, hypoglycemic, antifun-

gal, antiviral, antibacterial, anti-inflammatory, antiallergenic,

antioxidant, and hypocholesterolemic activity.11,12,15–17

It is estimated that the Fungi kingdom consists of 1.5

million species, and 70,000 have been described, 14,000

produce known mushroom and 650 have pharmacological

properties.18 However, only 10  species are cultivated in com-

mercial scale.9 This implies that an  enormous biodiversity of

basidiomycetes has not been explored yet. Thus, it is nec-

essary to preserve these species. However, climatic changes

have affected ecological systems changing the life cycle of

fungi19,20,21 which may  cause a  loss of genetic diversity. The

growing industrial importance of fungi and inherent risks

of climatic changes imply vulnerability of genetic diversity

which will be reduced with the development of preservation

techniques.22

Different preservation methods have been utilized for

basidiomycetes and the most versatile technique is  cryopres-

ervation, in which standard domestic freezers can be used

having proved to be ideal and economical tools to keep frozen

culture collections.23 Lyophilization may  be one of the most

widely used technologies to preserve several fungi and is

the primary technique used in  most general service culture

collections.23 However, these techniques are inappropriate for

most basidiomycetes.24

Another widely used method is periodical subculture but

it takes up more  time, space, reagents and is suscepti-

ble to contamination, genetic and physiological long-term

changes.25–28 Techniques for fungal preservation in distilled

water, silica, and mineral oil  are less effective in the long

run.26,27,29 Depending on the utilized preservation technique,

basidiomycetes can reduce productivity, lose morphological

characteristics, and pharmacological activity.30

Several factors affect cryopreservation of basidiomycetes

such as species, growth phase, substrate, cultivation condi-

tions, cryoprotectant, among others.31,32 Few microorganisms

survive after freezing and thawing,32 mainly due to cryoin-

juries caused to cell membrane and cell wall.32

Cryoinjuries are related to two main aspects: the formation

of intracellular ice crystals, and the water flow outward the

cell (dehydration) increasing the intracellular concentration of

solutes.32–34 Despite that, cryopreservation at several freezing

temperatures35 is the most recommended method by several

microorganism culture collections such as the American Type

Culture Collection (ATCC) and the National Collection of Types

Cultures (NCTC).36,37 Cryopreservation allows that most cul-

tures remain stable for a long period of time, and may  reach

up to 30 years, due to  the low occurrence of metabolic activ-

ity at these temperatures; that is why it is  the most utilized

technique by most microbial banks.38 However, few studies on

cryopreservation have been carried out with basidiomycetes.

The main studies on fungal cryopreservation suggest that

there is not a  universal technique or protocol and that each

species has to  be studied separately,39 even though there

are generalizations for the cryopreservation procedures for

basidiomycetes.40 Also, basidiomycete preservation is  diffi-

cult due to the predominance of vegetative mycelia, which

are sensitive to environmental variations, and absence of

asexual spores in  many  species.25 Therefore, because of the

importance of basidiomycetes in biotechnology and the need

to verify favorable conditions for the cryopreservation of

basidiomycetes in the  long run, this study aims to collect

information about the main conditions for long-term cryo-

preservation of basidiomycetes in the last 20 years.

Methodology

This bibliographical review collected scientific articles on cryo-

preservation of basidiomycetes published from 1997 to 2016 in

the databank of Web of Science, World Wide Web and Google

Scholar. The search tags were cryopreservation, mushroom,

basidiomycete, preservation and fungi. The mycelial viabil-

ity  was verified after cryopreservation, and the treatments

where mycelial growth was equal or greater than 75% of the

replications were considered viable.41 The studies on cryo-

preservation of basidiomycetes were divided into two  groups:

one-year to  two-year cryopreservation (short term) and cryo-

preservation of more  than two years (long term). Both groups

were divided into subgroups to evaluate genus, final freezing

temperature of −20 ◦C, from −70  to −86 ◦C and −196 ◦C, sub-

strate and preservation substrate used in cryopreservation,

cryoprotectant type and concentration, and cryopreservation

period. In this review, any substrate that works  preserving

mycelia in cryopreservation without cryoprotectants was con-

sidered a  preservation substrate. Only for the  cryopreservation

period, the treatments were divided into cryopreservation of

1–2  years, 2–3 years, 3–5 years, or more  than 5 years.

In general, short-term cryopreservation periods are more

successful regarding mycelial viability recovery. However,

short time periods are not significant to differentiate physi-

ological and genetic characteristics, but they are effective to

verify when a technique is unviable. Mantovani et al.42 cryo-

preserved L. edodes at −70 ◦C for  one, two and three years

and verified loss of mycelial viability in most treatments,

between the first and second year; however, after the sec-

ond and third year of cryopreservation, the viability was kept.

Colauto et al.41 also observed loss of viability after four years of

cryopreservation at −70 ◦C in 8 out of 12 evaluated treatments.

Nevertheless, Singh et al.43 cryopreserved different strains of

basidiomycetes in liquid nitrogen and observed viability main-

tenance for most strains.

According to Nakasone et al.,44 long-term preservation

occurs when cultures are preserved for longer than one

year using a specific technique. However, for Ryan et  al.,39

long-term fungal preservation occurs when the  culture preser-

vation period is longer than two years. According to  Mantovani

et al.,42 only after two years it is possible to verify differences

in cryopreservation efficiency. Therefore, in  this review, we

will consider only basidiomycete cryopreservation of 1-2 years

(short term) and of more  than 2  years (long term). Cryopres-

ervation studies shorter than a  year were not considered due

to the insufficient time to evaluate the long-term technical

efficiency.
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Literature  survey  results

The search for cryopreservation articles resulted in a total of

17 articles regarding basidiomycete cryopreservation. Eleven

articles on cryopreservation of basidiomycetes were not

included in this study because they were studies shorter than

one-year cryopreservation. The information collected from

the articles was organized according to their treatments and

cryopreservation period.

Genera  of  cryopreserved  basidiomycetes

Thirty-seven genera were evaluated for 1-year to 2-year

cryopreservation and 114 genera for longer than 2-year cryo-

preservation. Agaricus, Pleurotus and Ganoderma were the most

cited genera (Figs. 1 and 2).

The most preserved genera are also the most cultivated

due to their nutritional, functional and/or biotechnological

interest such as  Agaricus bisporus, A. subrufescens, P. ostreatus

and G. lucidum. In China, the greatest worldwide producer,

60 different types of mushrooms are cultivated and the

most popular genera are Pleurotus,  Lentinula and Auricularia.10

However, A. bisporus is the world most commonly culti-

vated species, mainly in  United States of America, Poland,

Netherland and Spain.57,58 The great number of commercially

cultivated mushrooms in the world and the continuous dis-

covery and introduction of new strains of basidiomycetes

make the development of cryopreservation essential for the

maintenance of this biological material. Despite that, there

is a mismatch between the increase in  mushroom type in

the world production and the number of techniques of basid-

iomycete preservation.

Mushrooms are an important product in global trade with

an estimated production of 3.4 million metric tons in 2007.

China is the biggest producer, consumer, and exporter of

mushrooms in the world, with a  market of US$ 82.9 million

in 2008 and 2009.10 The main produced and commercialized

mushrooms in Brazil are A. bisporus, P. ostreatus, A. subrufescens

and L. edodes.59 A. bisporus mushrooms are the most cultivated

and consumed worldwide10 and in Brazil.60 However, there

are few and conflicting data about Brazilian mushroom con-

sumption and production, and this makes difficult to prioritize

cryopreservation studies.

In conclusion, the most studied genus in short-term cryo-

preservation is Agaricus and in  long-term cryopreservation are

Agaricus and Pleurotus genera. A. bisporus and A. subrufescens

have worldwide importance and are the main species studied

in Agaricus genus. However, A. subrufescens has been utilized

in cryopreservation in most recent studies due to  its recent

commercialization, importance and sensitivity to cryopreser-

vation process. P.  ostreatus is  the most cited species in  this

genus because of its workability and worldwide importance.

Cryopreservation  temperature  for  basidiomycetes

Cryopreservation at −20 ◦C has  had reduced success in basid-

iomycete recovery (Tables 1 and 2). For 2-year cryopreservation

at −20 ◦C there were 134 treatments and there was recovery of

mycelial viability only in 7.5% (Table 1). For cryopreservation

longer than 2 years at −20 ◦C there were 132 treatments with

only 1.5% of recovery (Table 2). Thus, despite being possible for

some species such P.  ostreatus preserved until three years,52

cryopreservation at a −20 ◦C is not a viable technique for the

preservation of basidiomycetes.42,51

Freezing temperatures from −15 to  −60 ◦C  are a challenge

to cell cryopreservation as  they often result in cryoinjuries

caused by ice formation, water migration and/or ion con-

centration. One of the main cell injuries to overcome in

cryopreservation at −20 ◦C is slow freezing that forms long

ice crystals in the cell interstice causing cellular membrane

injuries.61 Besides the loss of cellular structure, slow freez-

ing of external water causes cell dehydration and increase

in cytoplasmic ion concentration. This process reduces the

freezing temperature of cytoplasm turning it in a  highly vis-

cous concentration mixture with low metabolic activity but

with irreversible damages to cell and/or cell proteins.62 How-

ever, Mantovani et al.52 demonstrated that cryopreservation

at −20 ◦C  is efficient for the maintenance of P.  ostreatus until

three years with 87% of mycelial viability when wheat grains

are  used as substrate and 10% sucrose or 4% glucose are uti-

lized as cryoprotectant. Thus, the temperature of −20 ◦C to

preserve basidiomycetes is possible if  the cryoprotection con-

ditions to reduce the effect of cryoinjuries are found. These

conditions still need to be determined for a  lot of species and

would enable long-term maintenance of the viability of basid-

iomycetes with low cost equipment in the long run.

The most studied freezing temperature in  cryopreservation

of basidiomycetes in several articles ranged from −70 ◦C to

−86 ◦C (Tables 1  and 2).  The number of studies is greater for

cryopreservation at −70 ◦C  to −86 ◦C  in a  period ranging from

1 year to  2 years (Table 1), and equivalent at −70 ◦C to −86 ◦C

and −196 ◦C  when cryopreservation is  longer than 2  years, and

despite the numbers of treatments, the studies are greater

at −196 ◦C  (Table 2). The mycelial viability for cryopreserva-

tion conducted from −70 ◦C to −86 ◦C  is similar for 1-year to

2-year cryopreservation but greater at −196 ◦C  when cryopres-

ervation is  longer than 2 years (Tables 1 and 2). This suggests

that, because it is a  technique (liquid nitrogen) that has  been

established longer, it has been preferably utilized in cryopres-

ervation studies, and because ultrafreezers from −70 ◦C to

−86 ◦C  are a  technique that more  recently has become more

viable economically, it has been less utilized without being

necessarily less effective in  the long run.

Ito63 and Ito and Yokoyama64 preserved non-spore form-

ing basidiomycetes and ascomycetes in aqueous solution with

10% glycerol for longer than 5 years in  a mechanic ultra-

freezer at −80 ◦C. This procedure causes smaller damages to

the cell due to a  smaller dehydration and membrane rupture.62

Cryopreservation at −80 ◦C is appropriate for several fungi,

including basidiomycetes.43,65 However, to completely stabi-

lize frozen cultures, the temperature has to be sufficiently

reduced to decrease the metabolism and prevent the for-

mation of ice crystals.66 According to Homolka,40 the limit

temperature to prevent ice crystal formation is −139 ◦C  and

this is why a lot of culture collections keep their samples at

−150 ◦C  in ultrafreezers equipped with liquid nitrogen.

Freezing in liquid nitrogen (−196 ◦C) is considered one

of the best preservation methods of microorganisms in

general.67 Despite that, Colauto et al.46 verified that A. sub-



b  r  a z  i  l  i  a n j o  u r  n a l  o f m i  c  r  o b  i  o l o g y 4 9 (2 0 1  8) 220–231 223

0 1 2 3 4 5 6 7 8 9 10

Agaricus

Pleurotus

Ganoderma

Trametes

Polyporus

Pholiota

Lenti nula

Grifola

Group 1

Number  of cited gener a cr yopre ser ved for 1 to 2 years

Fig. 1 – Most cited genera of basidiomycetes cryopreserved for 1–2 years. Group 1 = Boletus, Coprinopsis,  Cryptoporus,

Cystoderma, Entoloma,  Fistulina,  Flammulina, Fomes,  Hebeloma,  Inonotus, Lampteromyces, Langermannia, Lepista, Lycoperdon,

Micromphale, Microporus,  Neolentinus, Paxillus, Pleurocybella, Pluteus,  Psathyrella,  Pycnoporus, Sarcodontia, Schizophyllum,

Scleroderma, Serpula,  Sparassis,  Tephrocybe and Trichaptum genus.
Source: 24,27,41,42,45–52.
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Fig. 2 – Most cited genera of basidiomycetes cryopreserved for longer than 2 years. Group 1 = Anthurus,  Auricularia,  Bolbitius,

Boletus, Bondarzewia, Bovista, Calocybe, Campanella, Ceriporia, Clavariadelphus, Coprinopsis, Coprinus, Cryptoporus,  Cystoderma,

Hebeloma, Hymenochaete,  Irpex, Laccaria, Lacrymaria, Langermannia, Leucocoprinus, Leucopaxillus, Lycoperdon, Macrolepiota,

Microporus, Neolentinus, Pachykytospora, Strobilurus,  Stropharia,  Tephrocybe and Volvariella genus. Group 2  = Aurantioporus,

Bjerkandera, Calvatia,  Clitopilus, Coniophora,  Coriolopsis, Creolophus, Cyathus, Daedalea,  Daedaleopsis, Dichomitus, Faerberia,

Fomes, Gloeophyllum,  Gymnopilus, Hapalopilus, Hericium, Hohenbuehelia, Hypholoma,  Hypsizygus, Ischnoderma, Kuehneromyces,

Laetiporus, Lampteromyces,  Laricifomes,  Lentinellus,  Lentinus, Lenzites, Lyophyllum, Meripilus,  Merulius, Micromphale, Onnia,

Panellus, Phallus,  Phanerochaete,  Phlebiopsis, Piptoporus,  Psilocybe, Pyrofomes, Rhodocybe, Rhodotus, Rigidoporus,  Sarcodontia,

Scleroderma, Serpula,  Sparassis,  Stereum, Tubaria,  Tyromyces,  Vascellum, Xerula and Xylobolus genus. Group 3 = Abortiporus,

Agrocybe, Antrodia, Armillaria,  Clitocybe,  Collybia, Flammulina, Fomitopsis,  Grifola, Inonotus, Lentinula, Lepista,  Oudemansiella,

Paxillus, Phaeolus, Phellinus, Pleurocybella, Pluteus,  Psathyrella,  Pycnoporus,  Schizophyllum and Trichaptum genus.
Source: 27,41–43,51–56.

rufescens strains respond differently to cryopreservation at

−196 ◦C, presenting a  recovery of mycelial viability of two out

of five strains. For those authors, the fast freezing of A. sub-

rufescens mycelia in  liquid nitrogen is not the most appropriate

method to preserve this species. Eichlerová et al.68 verified

no significant loss of laccase activity in the samples of Tram-

etes versicolor after short-time (24 h) storage at −80 ◦C but the

storage in  liquid nitrogen caused 10.6–21.7% laccase activ-

ity decrease. The authors described that controlled freezing

in liquid nitrogen, using a cooling rate of 1  or  3 ◦C per min,

reduced laccase activity changes from 1.47 to 18.42% after

short-time storage depending on the kind and concentra-

tion of the cryoprotectant. After 6 months storage in  liquid

nitrogen, a  decrease of laccase activity of 21–44% was found;
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Table 1 – Freezing temperature, treatments with mycelial
viability recovery ≥ 75%, and number of treatments of
basidiomycetes submitted to different cryopreservation
temperatures from 1 to 2 years.

Freezing

temperature

Mycelial  viability

treatments (%)

Number of

treatments

Source

−20 ◦C 7.5  134 42,47–52

−70 ◦C to 86 ◦C 87.5 266 24,27,41,42,45,

47–49,51,52

−196 ◦C 92.9 98  24,46

Table 2 – Freezing temperature, treatments with mycelial
viability recovery ≥ 75%, and number of treatments of
basidiomycetes submitted to different cryopreservation
temperatures for longer than 2 years.

Freezing

temperature

Mycelial viability

treatments (%)

Number of

treatments

Source

−20 ◦C 1.5 132 42,51,52

−70 ◦C to −86 ◦C  62.6 214 27,41,42,51,52

−196 ◦C 85 698 43,53–56

however, when preserved at −80 ◦C, laccase activity decrease

was from 19 to 28%. Thus, fast freezing in  liquid nitrogen

can cause cryoinjuries and the utilization of this technique

must be rigorously followed. Cooling rate is a  parameter that

strongly affects the viability of living cells during freezing

process.68,69 The damage principle is that crystallization of

water in extracellular medium increases instantaneously con-

centration of internal cytoplasm and the osmotic pressure,

damaging the enzymatic activity.69 Another interesting aspect

is that the recovery of viability after freezing at −80 ◦C is faster

than in liquid nitrogen which may  take days or weeks.70

Cryopreservation in liquid nitrogen is still an  effective way

to preserve several organisms, including basidiomycetes that

cannot be lyophilized, at least not yet. The main disadvantages

of liquid nitrogen are the high cost of equipment, constant

refilling of liquid nitrogen (every two days), separate large

space for storage, and the need of constant surveillance.44

However, due to the risk of biological material loss by rupture

of containers, other techniques must be utilized to guaran-

tee the maintenance of culture collections. Cryopreservation

at −80 ◦C in  mechanic ultrafreezers is a  lower cost alternative

and that can be coupled to an  automated energy generator in

case of failure of electric energy supply. A  second backup ultra-

freezer should be considered in  case of mechanic failure of the

equipment. Therefore, it is  possible to obtain similar results

of long-term cryopreservation for basidiomycetes, mainly in

centers where the supply of liquid nitrogen is not regular.

Few studies report basidiomycete cryopreservation by vitri-

fication or encapsulation.71,72 In the vitrification system, the

vitrification solution surrounds the cells forming an amor-

phous glass and this prevents cryoinjuries. Samples may be

rapidly cooled in liquid nitrogen without a system to con-

trol cooling rate. In the encapsulation process, the cells are

embedded in calcium alginate beads prior to cryopreservation.

The utilization of encapsulation has two main benefits:

firstly, the water content of cells can be reduced decreasing

the risk of ice damages or concentration effects during the

cooling stage of the  procedure; secondly, it  allows cells to

be  easily handled and manipulated by providing a  suitable

suspending matrix.73 Wood  et  al.71 reported simultaneous

preservation of orchid seeds and its fungal symbiont, Cera-

tobasidium cornigerum, using alginate encapsulation with no

adverse effects after cryopreservation. Serpula lacrymans was

immobilized on calcium alginate beads and cryopreserved at

−20 ◦C for one month with success compared to control.72

In conclusion, cryopreservation at −20 ◦C  is  still a chal-

lenge, mainly in  long term. However, P. ostreatus has been

cryopreserved successfully for 3 years when wheat grains

were used as substrate and sucrose or glucose as cryopro-

tectant. In short term, cryopreservation between −70 ◦C and

−86 ◦C and −196 ◦C has been equivalently successful on

mycelial viability recovery, but in long term, cryopreservation

at −196 ◦C has been 30% greater than between −70 ◦C and

−86 ◦C, although the  number of treatments at −196 ◦C is three

times greater. Few studies have evaluated basidiomycete cryo-

preservation using vitrification and encapsulation techniques,

opening new possibilities for the preservation of this biological

material.

Substrates  for  basidiomycete  cryopreservation

The substrates utilized for mycelial growth before cryopreser-

vation are several such as agar-based culture media, mainly

potato dextrose agar (PDA) and malt extract agar (MEA), up  to

cereal grains or perlite-based (Tables 3 and 4).  The most cited

substrate treatments for basidiomycetes cryopreserved from

1 to  2 years were those with grains, perlite, agar, sawdust, and

grains and perlite were the most recently tested in  greater

amounts (Table 3). The most cited substrate treatments for

basidiomycetes cryopreserved for longer than 2 years were

those based on agar, wort, grain and sawdust (Table 4). Proba-

bly, the agar-based substrate is  predominant because they are

established procedures and are  always  used as  control instead

of treatment variations; however, new treatments with grains

have come up as an alternative (Tables 3 and 4).

Wheat grain has been effective as  a  substrate even with-

out cryoprotectant to maintain the mycelial viability after

cryopreservation (Tables 3 and 4). It is possible that the  pos-

itive effect of wheat grain is related to carbohydrates and

proteins that are capable of bonding water to the grain,74

reducing free water and formation of intracellular ice crystals.

Another possibility is that the  wheat grain structure, consist-

ing of a capillarity network, provides physical protection to

the mycelium.51 Mata and Rodríguez-Estrada75 evaluated the

viability of A. bisporus in wheat grains with and without glyc-

erol as a  cryoprotectant and reported mycelial growth even

in the absence of the cryoprotectant, suggesting that wheat

grains have physical attributes that allow mycelia to survive

liquid nitrogen cryopreservation process. Another possibil-

ity is that a specific compound in  the seed, such as  starch

or sugar, might act as a non-permeating cryoprotectant,76

thereby reducing the injuries associated with freezing and

thawing.

Mantovani et al.52 reported the maintenance of P. ostrea-

tus viability grown in wheat grains and cryopreserved for 3

years at −20 ◦C and −70 ◦C.  Another genus such as Rhizocto-

nia has been preserved for more  than 10  years in seeds of

oats, barley, wheat, rye, millet and sorghum.77 Mata et  al.56
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Table 3 – Substrate, treatments with mycelial viability recovery ≥ 75%, and number of treatments of basidiomycetes
submitted to different substrates for 1–2  year cryopreservation.

Substrate Mycelial viability treatments (%)  Number of treatments Source

Agar

Ground wheat grain 0  10  50

Potato-dextrose 26.9 26  42,47,52

Malt-extract 42.4 33  41,46,50,51

Ground hard endosperm wheat  grain  + glycerol 0  6  51

Ground hard endosperm wheat  grain  + glycerol 16.7 6  51

Wheat grain ground  semi-hard endosperm + glycerol 33.3 6  51

Ground semi-hard endosperm wheat grain + glycerol 16.7 6  51

Ground semi-hard endosperm wheat grain + glycerol 33.3 6  51

Ground hard endosperm rye  grain +  glycerol 33.3 6  51

Ground hard endosperm rye  grain +  glycerol 33.3 6  51

Barley flour yeast extract + sucrose 37.5 8  49

Grain

Rice with hull 41.7 12  45,47

Rice without hull 54.2 24  42,52

Oat 50 24  42,52

Wheat 75 24  42,52

Hard endosperm wheat 33.3 6  51

Semi-hard endosperm wheat 33.3 6  51

Hard endosperm wheat + glycerol 33.3 6  51

Semi-hard endosperm wheat + glycerol 33.3 6  51

Sorghum 50 12  48

Hard endosperm rye  33.3 6  51

Hard endosperm rye  + glycerol 33.3 6  51

Millet 54.2 24  42,52

Perlite

Wort + 5% glycerol 96.8 155 24

Sawdust

Rice bran + 10% glycerol 100 69  27

reported 100% mycelial viability of Pleurotus spp. grown in

sorghum and frozen with 10% glycerol for eight years in  liq-

uid nitrogen. Tanaka et al.51 showed that the whole grains

of hard endosperm wheat had the highest mycelial growth

recovery (87%) after two-year cryopreservation at −70 ◦C than

on agar ground hard endosperm wheat. They demonstrated

that grain capillary physical structure is more  important

than grain chemical composition in substrate for keeping

mycelial viability after cryopreservation. The grain capillary

net provides reduced physical space that limits the  pres-

ence of water molecules78,79 and protects mycelia from ice

formation. Although the capillarity in the substrate is a

fundamental factor in  cryopreservation, there is still the pres-

ence of anti-freeze proteins produced by hard endosperm

wheat grains and used as an alternative for A. subrufescens

cryopreservation at −70 ◦C.51 Grains have been working like

a preservation substrate in cryopreservation even without

cryoprotectants.

Perlite with wort and 5% glycerol, and sawdust with rice

bran and glycerol, also presented treatments with greater

mycelial viability from 1 to 2 years and after 2 years

(Tables 3 and 4). However, the treatment of agar-based cryo-

preservation after 2 years with wort  or malt extract + yeast

extract + glycerol was very promising (Table 4). On the other

hand, a series of combinations of agar-based substrate with

malt extract, wheat grain or ground yeast were not effective

for the recovery of mycelial viability after 2 years of cryopres-

ervation (Tables 3  and 4).

The cryopreservation method using perlite54 with more

than 400 tested strains, or sawdust27 with more  than 30

evaluated strains or sorghum grain56 with four strains, for

more than 5 years, was effective to maintain mycelial via-

bility of basidiomycetes. Perlite is the only volcanic mineral

of aluminum silicate that retains large quantities of water to

release as  needed. The protocol with perlite can be used to

cryopreserve groups of taxonomically different fungi, besides

basidiomycetes, including yeast,26 and is  as an alternative for

other fungi that did  not survive routine procedures of preser-

vation.

In conclusion, substrates such as  perlite + wort + glycerol,

followed by sawdust + rice bran + glycerol and cereal grains

(wheat, rice, sorghum, oat or millet), without cryoprotectant

added to the substrate, have been more  effective in short-

term cryopreservation, mainly when compared to  agar-based

culture medium. Long-term cryopreservation have been more

effective in substrates such as perlite + wort + glycerol, fol-

lowed by sawdust + rice bran + glycerol, sorghum grains with

glycerol, and wheat grains with or without cryoprotectant

added to the  substrate. However, the agar-based substrate of

malt-extract + yeast-extract + glycerol has been also effective

in long-term cryopreservation when yeast and glycerol were

added to the substrate.
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Table 4 – Substrate, treatments with mycelial viability recovery ≥  75%, and number of treatments of basidiomycetes
submitted to  different substrates for longer than 2 year cryopreservation.

Substrate Mycelial viability treatments (%)  Number of  treatments Source

Agar

Potato-dextrose 22.2 36  42,52

Malt-extract 27.8 18  41,51

Malt-extract +  glycerol 0 6 51

Malt-extract +  yeast extract +  glycerol 93.2 176 53

Ground hard endosperm wheat grain 0 6 51

Ground hard endosperm wheat grain +  glycerol 0 6 51

Ground semi-hard endosperm wheat grain  0 6 51

Ground semi-hard endosperm wheat grain  + glycerol 0 6 51

Ground hard endosperm rye grain 0 6 51

Ground hard endosperm rye grain  + glycerol 0 6 51

Wort 61.3 243 53,54

Grain

Rice with hull 27.8 36  42,52

Oat 27.8 36  42,52

Wheat 60.9 46  42,43,52

Hard endosperm wheat 16.7 6 51

Semi-hard endosperm wheat 16.7 6 51

Hard endosperm wheat + glycerol 16.7 6 51

Semi-hard endosperm wheat + glycerol 16.7 6 51

Hard endosperm barley 0 6 51

Hard endosperm barley + glycerol 0 6 51

Millet 36.1 36  42,52

Sorghum 100 4 56

Sawdust

Rice bran + 10% glycerol 97.1 70  27

Perlite

Wort +  5% glycerol 100 265 54,55

Cryoprotectants  for  basidiomycete  cryopreservation

A cryoprotectant is  utilized to reduce cryoinjuries in the

cell during freezing and cryopreservation. The mechanisms

in which these cryoprotectants act have been reviewed by

Meryman,80 Calcott,81 Heckly82 and Hubálek.32 It is  believed

that the cellular membrane is  the primary location of the

injury due to formation of ice crystals during freezing, caus-

ing physical stress and cellular rupture.83 Furthermore, ice

concentrates solutes that cause chemical stress in cellular

molecules.32

Different cryoprotectants are utilized in  cryopreservation

of basidiomycetes, and the  most cited treatments use glyc-

erol, followed by dimethyl sulfoxide, glucose and sucrose for

cryopreservation after 2 years (Tables 5 and 6). Hubálek32

classified the cryoprotectants according to  the rate of pene-

tration: those that penetrate quickly, usually within 30  min,

the ones that penetrate more  slowly, and non-penetrating or

non-permeating compounds that cause extracellular cryopro-

tection when present at concentrations of 10–40%. Also, the

author classified cryoprotectants as  those that penetrate only

the cell wall  and not the cytoplasmic membrane and those

that penetrate both cell wall  and cytoplasmic membrane.

Glycerol is the most cited cryoprotectant in  treatments

with cryopreservation of 1–2  years and it was also the most

effective to keep mycelial viability after cryopreservation, dif-

ferently from dimethyl sulfoxide that is not so effective to

basidiomycetes when compared with glycerol (Table 5). In

general, those without cryoprotectants that had cereal grains

Table 5 – Cryoprotectant, treatments with mycelial
viability recovery ≥ 75%, and number of treatments of
basidiomycetes submitted to different cryoprotectants
from 1-2 year cryopreservation.

Cryoprotectant Mycelial viability

treatment (%)

Number of

treatments

Source

Ultrapure water 0 32  50,51

Dimethyl sulfoxide

1% 59 22  41,42,52

10% 40 5 46

Malt extract

4% 50 10  42

5% 58.3 12  41,52

Glycerol

5% 83.6 201 24,47,50–52

6% 100 2 41

10% 47.1 34  42,45,48,49

Glucose

4% 50 26  41,42,50,52

Polyethylene glycol

6% 35 20  42,52

8% 100 2 41

Sucrose

10% 65 20  42,52

15% 33.3 6 41,50

Without cryoprotectant 34.2 38  48,50,51
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Table 6 – Cryoprotectant, treatments with mycelial
viability recovery ≥ 75%, and number of treatments of
basidiomycetes submitted to different cryoprotectants
for longer than 2 year cryopreservation.

Cryoprotectant Mycelial viability

treatments (%)

Number of

treatments

Source

Ultrapure water 0 28  51

Dimethyl sulfoxide

1% 28.1 32  41,42,52

Malt extract

4% 20  20  42

5% 33.3 12  41,52

Glycerol

5% 91.2 479 51–55

6% 0 2  41

10% 68  337 27,42,53,54,56

15% 100 10  43

Glucose

4% 46.9 32  41,42,52

Polyethylene glycol

6% 10  30  42,52

8% 0 2  41

Sucrose

10% 50  30  42,52

15% 100 2  41

Without cryoprotectant 0  28  51

as substrate (preservation substrate) or when the number

of  treatments was not representative, even with a  greater

mycelial viability, were not considered in  our analysis. Tanaka

et al.51 suggested that the use of glycerol in association with

whole grains could improve the  mycelial viability of A. sub-

rufescens cryopreserved at −80 ◦C  and −20 ◦C.

The most cited cryoprotectant in  treatments with cryopres-

ervation after 2  years, glycerol, was also the  most effective

for the maintenance of mycelial viability after cryopreser-

vation; however, other cryoprotectants such as sucrose and

glucose are good alternatives that have shown to be efficient

while dimethyl sulfoxide has shown lower efficiency (Table 6).

Glycerol is classified as a  penetrating or intracellular cryopro-

tectant and has the property to bond itself to water molecules,

minimizing the formation and size of ice crystals as well as

reducing solute concentrations in the extracellular or intracel-

lular medium.32,84 This cryoprotectant penetrates the cellular

membrane through passive diffusion, getting into the mem-

brane as well as  in  the cytoplasm85;  its protective effects are

represented by colligative properties, reducing the freezing

point with consequent reduction of electrolyte concentration

in the non-frozen fraction of the sample.86

Although glycerol is the most utilized cryoprotectant in  the

preservation of frozen basidiomycetes, it can have adverse

effects like physical and chemical alterations, rupture of plas-

matic membrane, removal of important membrane proteins,

and it can induce modifications in  the stability of the lipid

structure.87,88

The concentration of glycerol ranged from 5 to 15%, with

greater mycelial viability at 5% for cryopreservation after 2

years (Table 6). Ito and Nakagiri89 examined the viability of 939

strains of basidiomycetes cryopreserved at −80 ◦C for one, five

and  15 years with effective mycelial viability of 88% of these

strains in agar plugs with mycelia submersed in cryoprotec-

tant solution of 10% glycerol. Tanaka et al.51 suggested that the

use of glycerol in  association with whole grains could improve

the mycelial viability of A. subrufescens cryopreserved at −80 ◦C

and −20 ◦C. Colauto et al.41 reported that concentrations of

10–30% glycerol caused inhibition of mycelial growth of A. sub-

rufescens. However Mata et al.56 reported that 10% glycerol with

sorghum grown with Pleurotus spp. had mycelial viability of

after eight years of cryopreservation in liquid nitrogen.

The cryoprotective effect of glycerol is probably due

to the capacity of this cryoprotectant to penetrate the

cellular wall  and the plasmatic membrane and to link

water in  the  interstice between the wall and the plasmatic

membrane,90 increasing the membrane elasticity, which

allows the molecular accommodation during the volume

expansion in freezing.60,91

Sucrose as  well as glucose showed effective mycelial viabil-

ity  in cryopreserved treatments of more  than 2 years (Table 6).

Colauto et al.45 evaluated A. subrufescens cryopreservation at

−70 ◦C  using different cryoprotectants. For those authors, the

cryoprotective agent – and not the freezing protocol – was the

most important variable for effective mycelial viability after

cryopreservation. Long-term cryopreservation (4 years) of A.

subrufescens was effective when sucrose or glucose was  used as

cryoprotectant, regardless of the freezing protocol, and glyc-

erol, polyethylene glycol, and malt extract were ineffective,

dimethyl sulfoxide was effective only when a  slow freezing

protocol was used.41 However, for cryopreservation of 1 year,

all cryoprotectants were effective to keep mycelial viability

of A. subrufescens.45 Sucrose and glucose are not able to  dif-

fuse themselves through the plasmatic membrane, but they

increase the external osmotic strength and promote the cellu-

lar dehydration, reducing the formation of ice crystals within

the cell.32 These sugars can be  utilized as a source of carbon in

the recovery of the cellular growth. Sucrose is frequently used

in cryopreservation of microorganisms at concentrations from

1 to 68% (average of 10%).32 Colauto et al.41 reported concen-

trations of 5, 15 and 30% sucrose in cultivation media with

inhibition of mycelial growth after 15%.

Cryoprotectant agents can be utilized as an  additive to

the substrate. Tanaka et  al.51 added glycerol to the sub-

strate before cryopreservation of A. subrufescens with effective

increase of mycelial viability after two-year cryopreservation

at −70 ◦C. The utilization of cryoprotectants as  a solution in  the

cryotube or an  addition to the substrate is important to long-

term basidiomycete cryopreservation. However, the choice

of concentration and cryoprotectant depends on the cell

type, strain, mycelial age, substrate, cultivation conditions,

among other factors that affect the permeability and elasticity

of membranes.41 Despite the importance of the  cryoprotec-

tant for the maintenance of cellular viability throughout the

cryopreservation, this compound can cause mycelial growth

inhibition. Therefore, the type of cryoprotectant, the concen-

tration and inhibition or adverse effects on mycelial growth

must be defined for each case, depending on strain and

the cryopreservation method. Colauto et  al.41 evaluated the

adverse effects of cryoprotectants used in cryopreservation of

A. subrufescens and reported that the increase of the concen-

tration inhibit mycelial growth. According to these authors,



228  b r a z  i  l i  a n j o  u r  n a l o f m i  c r o b  i o l o g y 4  9 (2 0 1  8) 220–231

dimethyl sulfoxide and glycerol inhibited mycelial growth,

mainly dimethyl sulfoxide at concentrations of 2.5% and 5%,

completely inhibiting mycelial growth, but sucrose, glucose,

polyethylene glycol and malt extract showed low inhibition of

mycelial growth.

In  conclusion, the use of cryoprotectants in  short-term

cryopreservation has been effective mainly with glycerol,

followed by sucrose, dimethyl sulfoxide, malt extract and

glucose. However, in long-term cryopreservation the most

effective cryoprotectant has been glycerol, followed by sucrose

and glucose. Dimethyl sulfoxide has not been effective in long-

term cryopreservation for basidiomycetes.

Cryopreservation  period  for  basidiomycetes

The interval of 1 to <2 years of cryopreservation had the great-

est number of articles and the interval of 5 years or longer

had the smallest number of articles (Table 7). This is due to

the difficulty to carry out long-term treatments with a  lot of

replications, running the risk of losing the genetic material

because of failure in  the equipment and the supply of liq-

uid nitrogen during the cryopreservation. Moreover, long-term

studies demand planning and professional stability in the

workplace. Therefore, a greater amount of studies in a shorter

cryopreservation time interval, mainly a  year at the  most,

is common.25,28,45,46,48,55,92 Some cryopreservation between 2

and less than 5  years were effective for several basidiomycetes

whereas others were effective for 5  years or longer as 15

years (Table 7). However, each species and even each strain

of biotechnological importance must have a  protocol and a

specific cryopreservation method because it is not possible to

meet all the specifications for all basidiomycetes with only

one method.39,93 The cryopreservation of more  than 5  years

with basidiomycetes is  a  challenge. Besides the cryopreser-

vation period varying according to  each method and species,

the method has to  provide the long-term maintenance of the

mycelial viability and the genetic and physiological stability

of the fungus, and the substrate for basidiomycete recovery

after freezing.

The number of basidiomycete cryopreservation studies is

greater for periods shorter than 5 years (Table 7). Only three

articles successfully described basidiomycete cryopreserva-

tion for 5 years or more,  probably due to the difficulty of

maintaining a  culture collection for so long or even due to

technique failures after 5 years. The scarcity of cryopreserva-

tion reports after 5 years shows the difficulty of maintaining

studies for such long periods and the limits of the technique.

Table 7 – Cryopreservation period, treatments with
mycelial viability recovery ≥ 75%, and number of
treatments of basidiomycetes submitted to different
cryopreservation periods.

Cryopreservation

period

Mycelial viability

treatments (%)

Number of

treatments

Source

1 to <2 years 72.6 456 23,26,40,41,44–51

2 to <3 years 67.3 432 26,41,50,52

3 to <5 years 74.2 519 26,40–42,51,53

5 years or longer 100 48  26,54,56

In conclusion, basidiomycete cryopreservation for more  than

5 years is  still a challenge.

Cultivation  medium  and  temperature  for  the recovery  of

cryopreserved  basidiomycetes

The thawing temperature and the  cultivation medium utilized

in the recovery of basidiomycetes after freezing are impor-

tant parameters in the cryopreservation process. The thawing

temperature has been standardized and utilized successfully

through the immersion in  water at 30 ◦C  for 15 min.41,42,45,51,52

The choice of the  recovery cultivation medium is  generally

based on the one in  which the fungus is usually initially grown

before freezing, but it is not always the best choice.

PDA cultivation medium is  the most utilized in frozen

basidiomycete recovery.27,47,48,52 The second most utilized cul-

tivation medium is  MEA,41,43,45,56 followed by other agar-based

culture media such as wort-agar,24,53 MEYA (malt extract, yeast

extract, glycerol and agar)53 and MGL1 (barley flour, yeast

extract, sucrose and agar).49 Tanaka et  al. (unpublished data)

verified differences in the mycelial viability of A. subrufescens

after 5 years of cryopreservation at −70 ◦C  in MEA with differ-

ent concentrations of agar and verified that the water activity

in the cultivation medium affects the recovery of mycelial via-

bility.

In conclusion, culture media, temperature and other inher-

ent aspects to the recovery of cryopreserved basidiomycetes

are still little studied with a  greater concentration of studies

in the initial and intermediate stages of the cryopreservation

process.

Genetic  and  physiological  stability  of  basidiomycetes  after

cryopreservation

The expansion of the biotechnological applications of

basidiomycetes requires maintenance of the physiologi-

cal, morphological and therapeutic characteristics, and the

genomic stability after thawing of the biological material,

besides the long-term preservation of the mycelial viabil-

ity. All articles in  this review evaluated the mycelial viability

of basidiomycetes after thawing, 23.5% of them also eval-

uated characteristics like the production of enzymes such

as  laccase and peroxidase manganese,24,53–55 29.4% of them

characteristics like mushroom production,27,43,47,48,56 11.7%

of them characteristics such as the genetic stability with

the utilization of molecular markers43,55 and 17.6% of them

macro and micromorphological characteristics such as  tex-

ture, coloring and density of mycelium, presence or absence

of connection clamps among others.24,54,55 Only one arti-

cle analyzed biomass production, exopolysaccharides and

intrapolysaccharides.49

Overall, the articles have shown that mycelial viability and

morphological, genetic or physiological characteristics may  be

preserved by several cryopreservation methods while some

others are less effective. Eichlerová and Homolka24 did not

observe loss in the laccase production for most analyzed

basidiomycetes. Homolka et al.53 reported similar results

when evaluating 250 strains of basidiomycetes in  which only

two  did not keep the  activity of laccase after thawing. Positive
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results regarding the maintenance of the enzyme production

activity were also observed by Homolka et  al.54

Singh et al.43 and Homolka et al.55 assessed the mycelial

viability and other parameters like maintenance of morpho-

logical and enzymatic characteristics and genetic stability of

cryopreserved basidiomycetes and did not observe changes in

these characteristics. Homolka et al.55 verified the morpho-

logical, physiological and genetic stability of 30 cryopreserved

basidiomycetes without finding significant differences. Zaghi

Junior et al. (unpublished data) did not verify alteration by

RAPD molecular markers in the pattern of amplicons among

A. subrufescens strains cryopreserved for two years at −75 ◦C,

either.

In conclusion, mycelial viability analysis of cryopreserved

basidiomycete is still the main and most important way to ver-

ify the efficacy of the technique. However, other aspects such

as analysis of recovery period after thawing, morphological,

physiological and genetic stability are important parameters

of analysis of the biological material after cryopreservation.

For genetic stability analysis, techniques that evaluate the

greater part of the genome are more  representative as RAPD

in detriment of ITS. However, due to the long time of the study

and the number of treatments and the microbial isolates,

the evaluation of all characteristics becomes impracticable.

Therefore, reducing the amount of analyzes for one of each

type such as viability, recovery period, morphological, physio-

logical and genetic stability are a possible analysis until one of

the treatments on cryopreservation becomes more  effective,

and then reducing the number of treatments and increas-

ing the number of analysis. It is recommended to  reduce the

number of species per study as there is  no universal cryopres-

ervation technique for basidiomycetes.

Conclusion

In the last 20 years of basidiomycete cryopreservation stud-

ies, only 37 genera have been published and the most studied

genera in short-term cryopreservation are Agaricus, Pleuro-

tus and Ganoderma,  and 114 genera have been published and

the most studied genera in long-term cryopreservation are

Agaricus and Pleurotus.  Cryopreservation at −20 ◦C is still a

challenge but wheat grains could be an alternative to improve

long-term cryopreservation. Cryopreservation between −70 ◦C

and −86 ◦C and −196 ◦C  are equivalently in short- and long-

term cryopreservation but in long term at −196 ◦C there is a

greater number of positive results. The most effective sub-

strates are perlite-based, sawdust-based and cereal grains

in short- and long-term cryopreservation; however, agar-

based substrate of malt and extract with glycerol has been

reported as effective in long-term cryopreservation. Glyc-

erol mainly, but sucrose, dimethyl sulfoxide, malt extract

and glucose has been effective cryoprotectants in short-term

cryopreservation. However, in long-term cryopreservation the

most effective cryoprotectant has been glycerol firstly and

then sucrose and glucose. Dimethyl sulfoxide has not been

effective in long-term cryopreservation for basidiomycetes.

Basidiomycete cryopreservation for more  than 5 years is still

a challenge. Culture media, temperature and other inherent

aspects to the  recovery of cryopreserved basidiomycetes are

still little studied with a greater concentration of studies in

the initial and intermediate stages of the cryopreservation

process. Mycelial viability analysis of cryopreserved basid-

iomycete is  still the main and most important way to verify

the efficacy of preservation. However, other aspects such

as  analysis of recovery period after thawing, morphological,

physiological and genetic stability are important parameters

of analysis of the biological material after cryopreservation. It

is recommended to reduce the  number of species per study

as  there is no universal cryopreservation technique for basid-

iomycetes.
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