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ABSTRACT

Theaim of spawn producersisto deliver axenic mycelium with aconstant quality, whichisaprerequisitefor agood
mushroomyield. Very often, mycelium producershaveapoor knowledge ashow to estimatethemicrobiol ogical quality of
their working environment or how to implement their knowledgein areal -time situation. Thisleadsto the building and
organization of productionfacilitieswith aninsufficient level of security. A lot of problemsin mycelium production canbe
brought back to anincorrect product flow, aswell astowrong rules of conduct. Theaim of thispresentationisto anayze
anumber of problems, while offering aremedy for thelatter, so asto prevent financial disasters.
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INTRODUCTION

The production risksfor mushroom spawn are often underestimated. It isatechnol ogicaly highly advanced process, where
scientific background knowledgeisof utmost importance. Thereare many aspectsto the production of mycelium, suchas
substrate components, the pretreatment and heat treatment of the substrate, hygienebefore, during and after thetime of
inoculation, quality of theinoculum, climateand other conditions during incubation and maturation. Whenever problems
arise, onemust be ableto analyze the causes correctly and find solutionswithin the shortest del ay.

Spawn facilitiesinvol ve cons derableinvestment. Asone seeksaproper return on investment, thereisnot much roomfor
errorsonce production has started. Asarule, new facilities experiencelittle problems, evenif theinfrastructure and
working rulesare not perfect. But after sometime, pests and diseases can seek their way into thefacilities, infection
pressure builds up, resulting in adangerousviciouscircleof reinfection. Eventually, thisresultsinlossof products, low
yieldsor no output at al, the consequences of which are often disastrous. Such Situationsareencountered at largeand small
projectsalikeall over theworld. The present discussionisto achievetwo goas: (i) assist the spawn producer tofind an
affordable and efficient problem-solving method (ii) help new projectsin preventing these problems.

DISCUSS ON
Situation sketch

There areworldwide cons derabl e differencesin approach regarding mycelium production. Someof thelarger facilitiesin
the EU and the US use abulk production system, but most spawn facilitieshandleindividual portions, ranging fromless
than oneliter to asmuch as 10 liters. The used recipients are mainly bottles and bags, which are provided with various
closing and breathing systems, the one being moreefficient than the other.

I dedlly, the spawn production chain should beastrictly controlled activity, operated by highly skilled professonas. In most
cases however, production methods are more hands-on, and for that reason morerisky. As high competition makes
financial marginsvery tight, mistakes are not affordable. But they do occur, not only with respect to the layout and
infrastructure of thefacility but al so regarding mycelium production technol ogy.

Thisarticleindicatesthat nearly each faulty analysis can be traced back to one single common denominator: lack of
implemented scientific knowledge. Mycdlium producersare not dwaysscientifically trained and evenif they are, that does
not necessarily meanthat they arefamiliar withtheredlity of industria production, enabling them to makeaproper problem
andyss

258



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

What kind of knowledgeisto be consider ed essential ?

Inindustrid mycelium production, one shal beawarethat problemsarenot only Situated at the macroscopic, but dsoat the
micrascopic and submicroscopiclevd, and that all threelevel sareequaly important. A production unit can only beefficient
whenthelayout andinfrastructureof thebuilding, aswell astheworking method are determined according to theunderstanding
of thisfull spectrum.

Oneneedsto haveagoodinsight in both fungal and bacterial biology. Many bacteria, aswell as so-called weed moulds,
havethe same specific requirementsasthe cultivable mushrooms. Competitionisfierce, and when undesired microorganisms
and mycelium of cultivablemushroomsare both present inthe same substrate, thelatter will mostly losethebattle. Therefore,
mycelium must be protected during all phases of multiplication, whereinfection pressure comesinto play.

Airisnever empty, itisloaded with dust particlesand propagul es, which may float for an extended period of time. Dust is
amagjor source of infections, especially if thisdust iscoming from an areawhere spores are produced. Examplesare
agricultura areas, harvest areas, animd production facilities, open-air fermenting ingta | ations and mushroom production
areas. Dust isan assembl age of fine particles, and can contai n anything fine enough to float, including sporesand bacteria.
Generally spoken, theinfection pressureisproportiona to the dust concentration.

But dust isnot the only source of contamination. Every person and every object isby nature aproducer and carrier of
microorganisms, which areinvisibleto theeye but ever-present. They are stuck to the surfaceand are easily shed so asto
becomean airborneparticle.

Whatever the source may be, when conditionsarefavourabl e, the unwanted microorganismswill start to grow and multiply.
When reaching their sporul ating phase, weed mouldswill generate countless sporesin avery short timeframe, and these
arbornesporeswill add to the contamination pressure. It isessentid to understand that, no matter thelocation or surroundings,
thisinfection risk isomnipresent in every production facility. For that reason, anumber of safeguards are needed to keep
therisk aslow aspossible.

A profitable mycelium production facility has control over thefollowing safeguardsat any time. If any oneof themis
neglected, contamination problemswill arise, so astolead to aviciouscircle, in which thereisno chanceto succeed
industria spawn production.

Serilization of theraw materials

An efficient sterilization procedureisthefirst and most important safeguard in the spawn production cycle. Initsessence,
iteiminatesal living organisms, whilst limiting the quaitative degradation of the subgtrate.

Most spawn producersarefully aware of therisksof abad sterilization. But what isoften underestimated isthe need to
avoid re-infection of the hygienized substrate after the heat- treatment.

Avoidanceof re-infection from variousorigins

e Fromairbornemicroorganisms. aidssuch aslaminar air flows(LAF) and HEPA-filtered air through overpressure units
minimizedust levels, and equally airbornemicroorganismsintheair.

e Fromvariousinfection sources: aseriesof precautionsshall betaken toisolate potential sourcesof infection fromthe
hygienized substrates during cooling and inocul ation. Theseinclude protective clothing for the production staff,
manufacturing in clean room areasand product flow management.

e From non- suspended microorganisms: for example microorganisms stuck to machines, shoes, floors, walls, cellings
and people. A number of effective disinfection productsare on the market, which can be used for surfacedisinfection.
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Butitisnot al about preventing infections. To get the best return on investment, one should make hisfacility optimally
profitable through having afull understanding of efficient mycelium production techniques, and thisdeservesan equa
amount of attention.

First of al, the spawn recipes must be standardized, prepared and packed carefully, in theright type of breathable
packaging. The sterilization cycleshould 100% effectivewithout over- serilizing. Subsequently, the hygienized substrate
shall beinoculated properly, the bag well sealed and placed in the most favourabl e climatic conditionsso asto reach an
optimal incubation. Thefinal product shall bekept refrigerated at al times. And all thewhile, the end product must be
traceable and controllable (Royse, 1997; Sanchez, 2004)

Theensembleof implication of safeguardsand production methods makeup aset of rules, which, four easeof understanding,
weshdl henceforth call * rulesof conduct’ ; (Willig, 2005).

A correct problem analysisisessential in problem prevention

It isnot enough to establish that acertain percentage of products has been infected or that mushroom production has
dwindled, one should a so be ableto detect the reasons behind it. We plead for ascientific problem solving method, asit
isthemost certain way to identifying solutions. Any problem can berelated to alarge number of causesanditisonly
through sharpness of analysisthat onefindsout thetrue nature of the problem.

The biggest obstacleto proper problem observationistheinvisbility of sporesand bacteria. Especialy whenupscainga
production unit, mycelium producerswith insufficient understanding of the microscopic and submicroscopicleve tendto
makewrong conclusions. Thesusceptibility toinfectionsof freshly sterilized substratesisoften underestimated, and therefore
ignored. One should realizethat only regular maintenance of ultrafilter systemsand strict hygiene measureswill lead to
SUCCESS.

A true scientific problem solving analysisfollows astandardized line of thought, which isdepi cted below. Thismethod,
whichisself-evident for anyonewith ascientific background, isbased onalogic which followsacircular motion. Inthe
caseof problem solving, it startswith proper observation, then movesonto postul ating apossible cause and their possible
solutions, implying those solutionsand verifying the outcome. I the outcomeisgood, those changes should beimplemented
andif theproblemisstill present, the procedurerepeatsitself.

Scientific problem solving method Transfer of know how

The success of the analysis will depend on
persona capabilitiesand on knowledge of Good

Describe the problein § ——| Restartthe procedure if needed | Manufacturing Practices(GMP). But how does
1 one achieve a good level of theoretical and
practical knowledge? Therearetwo solutionsto
thisproblem: (i) trial-and-error and (i) transfer of
Describe the wished results | Implement necessary changes | know-how.
N
Trid-and-error isaprocess, which every company
2 at some stagewill havetoface, and thisiseven
| List possible causes | Evaluate results more so for the mushroom sector. Ascompared
A toplant cultivation, itisardatively ‘new’ type of
horticulture, and the sector still faces many
h 4 | : unanswered questions. Asaresult, thereare not
Think of solutions }| Implement solutions | many databases or practical tutorials on

mushroom cultivation, let alone spawn
production. Anyone not having accessto such a
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database has only one choi ce of gaining experience: trial-and-error. Unfortunately, thisisatime and money consuming
system, and one should avoid it whenever possible.

Thesecond solutionisthetransfer of know-how. Thereareanumber of waysthrough whichinformation isdistributed, of
whichthemostimportant are(i) internet, (ii) books, (iii) persond training and (iv) trouble shooting.

Information ontheinternet isscarce and ofteninaccurate. High-quaity knowledgeismostly expensive, non-transparent or
simply non-available. Making thisinformation avail able represents one of today’slargest challengesfor the mycelium
sector.

Booksareagood sourceof knowledge, if they arewritten by scientificaly trained and experienced professonds. However,
for the starting mycelium producer it isdifficult to estimatethe quality of the provided information.

Personal training isprobably the most effectiveway of learning the proper rules of conduct. Only afew experienced
technologistsareready to distribute knowledge and providetraining for an affordable price, whether through personal or
group courses. Theadvantageisthat for alimited investment, one gainsaccessto alarge amount of non-publicly ble
production data. If such training isfollowed beforethe production has started, the benefitsare countless.

Trouble shooting also provides essentid information, but unfortunately only after problemshavearisen. In such cases, an
external expert with extensivetechnical and practical knowledgeisinvited to thetrouble site. In cooperation with the
production responsible, he will start a proper problem analysis on the spot, and make proposal s with respect to the
improvement of infrastructure and rules of conduct.

All mentioned informati on channal s havetheir own benefits, but the most efficient isacombination of al four.
CONCLUSON

Mycdium producersfacevery specific challenges, asitisatechnol ogically advanced, high-risk business. Financia margins
aretight andfor thisreason, projectsoften save onimportant investments suich ashygiene and know-how. Wrong assessment
will most certainly lead to failures, irrespectivethe size of the production facility. Although some problems can betraced
back to alack of practical knowledge, most are dueto wrong implementation of the safeguardsthat prevent substrates
from beinginfected by so-called weed fungi and bacteria.

MagdaVerfallie, abiologist and mycologig, isthefounding manager of Mycelia, aleading spawn production andtechnology
training company from Belgium, Europe. Throughout the years, the company hasbeen involved in numerous projects
involving spawn production. Through professional trouble-shooting, and after having trained alarge number of peoplein
the sector, it has become clear that most problems can be traced back to alack of basic knowledge.

Anyonewho dready is, or isplanning to beinvolved in mycelium production should be aware of itschallenges, and not
underestimatethe complexity of the process. Before starting, one should serioudly consider to acquirethe essentia scientific
and practical knowledge needed for continued success.
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