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Annotation

At present, the requirements for ecologically and health-less harmful procedures
for protecting wood against biological damage are increasing. At the same time,
however, it is necessary to test whether the newly designed fungicidal and
insecticidal substances are sufficiently effective. The work aimed to verify the
effectiveness of a solution of caffeine and lavender essential oil in the wood
against wood-destroying fungi of brown rot, mould and termites. The partial goal
was to find out whether the modifications have an impact on the selected physical
and mechanical properties of the treated wood. The wood was impregnated by
long-term dipping in caffeine and lavender oil solutions in selected series treated
with a top hydrophobic layer or coating system. Subsequently, it was exposed to
leaching according to EN 84 and atrtificial accelerated ageing in the Xenotest or
UV-chamber with spraying on the basis of EN 927-6. Samples without ageing
and aged were tested in the next step against attack by wood-destroying fungi,
termites or moulds according to valid standards. The results showed the
effectiveness of the caffeine solution against wood-destroying fungi, termites and
moulds. The best efficiency was achieved on spruce, slightly lower on beech and
pine white wood. However, only the top multilayer coating system could prevent
its leaching from the wood. The lavender essential oil was effective against
termites on spruce wood, which we tested at a lower concentration of 5%. The
upper hydrophobic layer based on waxes and silane-siloxanes was able to
prevent its leaching. Treatment of wood with selected solutions did not have
a negative impact on the selected physical and mechanical properties of wood.
In the case of caffeine, a favourable effect on the overall life of the top acrylic
exterior transparent coating system was confirmed. The tested biocidal
substances can be successfully used for the protection of wood that is not
permanently exposed to the weather, in the case of additional treatment with
a barrier layer in the exterior.

Key words: modification, wood, aging, bioresistance, protection, caffeine,
lavender essential oil
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40% cel osviNtovi cOproetomust2r aurhyl 2pkSi. osxv &m urhTStl U
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1 HYPOTE£AXE LFERCCE
Pr§8§ce je zal ogenBhNdeac higphte®au§céle2ch

1. Komerocn?r ann® prost Sedky na dSevjgau kter ®
nahr adbiocigyp5®r odn2 ho pTvodu.

2. DPpravSeva biocidn2mi pS2prm&nkeyg apdivvrn®d n 2 |
navybrfan®i k§l n2 almesdmaormsitik@ Seva.

3. DBvo oget Sen® vybr aniewiyupms 2eed theR?2 m®r ¢ & &
apli kac?2ch bez kontaktu se zem?2 a vysta

Zhypot ®z2 vyggédlBeduj 2c2 hlavn2z c21] pr8ce

C2lem pr8&8ce je nalezen?2 vhodnbl8zhpohtedudi f i k a
dl ouhodob® osdto8 Inocossttii av Tl i povhDtrnostn2zm
dSevokaznTm hmyzem, houbami a pl 2snDmi

Na z8kl adhD pSedbnNgn® anallzy byly vybr&ny
jako z&stkiapgcoa dT a esencn@HMmn?2pghvode ] J potd
kombinovanim fimsgikdiicdnadm2an Y%l i nkem

D2Imi2 c21i :pr8&8ce jsou

1. Zjisttf ungici dn2 a inepghktakiddkR pSimeadszho
proti taedSmivtokmmomuibE m

Porovnat vlivdruhud Se v a n a odhdary rortakemtkofeinu.

Zabritry pl akefeinua | evandul oW@mo ol eje ze
Zjistit efekt modifikacen a v y lastmostdd Se.v a

Porovnat r o zsah vy ucdisttelvramd tcih | 8t ek pS2rod
srovnBomes| n2m.bioci dem

abrwn
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2 LI TERERRFEHLED FEGENE£ PROBLEMATI KY

DSevo je po tis2ce |et o b (Raragend kal., st av e |
2017). Hl avnlD pro jeho vgestrannost, ekol ogi
velmi pSitahuje pozornmsotha DSrwn2 ¢jhe, dkotsetr
trvanlivost?2 (Homan a Jorissen, 2004). Boh
vel mi citliv® na vlhkost, podm2nky pr os:t
odol nost proti dSevokaznivi asrt qaorsitemTnktjee
“wwroveR citla vtoysttoi odrSgeavnai shomy a j e nej |l ast NDj
mnogstv2 a typu extrak20YA¥chHI 8tekmi( Bslbag
jsou cel-444 - %p, (KOgnin (18 ag-3325 %Wp). azZ §hkel naidc

prvekhvot®toul enk.n§8B%okmjue jehld2Sevo nejvnDtg?
suchozemsk ®Morrellu20082 kaaumage a kol ., 2017) Ni
Kv Tl tomuto slogen2 je bohugel dSevo vel
hlavnhD dSevokaznl mi h o lrédsemi 202Q; BGobdelc h k e é
a kol.,2008) . Je dTJlegit® dSevo spr&vnhD chr
kterTm je vystaveno. Mnoho rTznlTch zpTsobT
al evagsl edn2ch | etech se kvThimiklsmavi s&]j

obavouogi vot n2d2pr ckslta%lee st §l e v NDtt@2m dsToruavzi sreg
pS2snNj g2 pravidla pSi poug2vsgn2 toxicklI
rTznTch t3$2d konzervaln2ch | §tek, zej m®na
nebezpel n®EMI8dakly. j & pouglzrnv28enlt  |k®tnezker v a g u
Biocidal Product Regulation (EU 528/2012). Nep S2 zni v® Y| i nky na
nebo ekologick8 rizika mohou v®st k omeze
omezov§g§n2 migdcovt®zttk k ochrannlch prost Sedk
pSehkat poudg2vsgn2m pS2rodn2ch | §8tek, kter
napS$2klad ®terick® ol eje (Molutaka.,k@1B)j q a k
ale i jin® | 8tky (Singh aulSyalyhen@bdi2yoj ®a
ekol ogi ckldcSheviiprijeev zvyguj 2c?2 se vysokauy t r o
pSirozenou odolnost2 VvTli biopogkozen2 (R
c2lem modifikac?2 dSeva je pSekong&8n2 sl abl
dSev@8§douc2mi vlastnastemio (Hiddgen200j6eho
mechanicklch nebo esteticklch vlastnost?2
dTl egitou soul §st?2 pfatread B2 M par obsitoSreads?y. vV |

ovlivRuje pS2mo i nepS2mo. PS?2j eomdodddywtje
napaden? houbami a hmyzem. Dal g?2 probl ®&m
dSevhD je bobtngn? a sesychgn?. Ty zpTsob
ng§sledek degradaci n8§8tRrovich hmot, na k
expanze a kontrakce, v kombinaci sd al g 2 mi fagToolyeninmapiSSen
vznikaj? mikroskopick® praskliny. hibSevo j
kter®, jakmile jsou pro nhD vhodn® podm2nk:
2016) . Rizikem vzniku jeijhlcihny Te®dthlehE ®h 6

(Goodell a kol., 2020).
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21 DSevokazn?2 Jinitel®

DSevo je organickT  ligmatet uft z osvi®@hgoe nk o mp
nach8zej2c?2ho se ve vgech dSevDnTch pl et
struktura seskugemnu!l mzkr vl E&meinc hatvr i ci hemicel

aligninu poskytuje z8kl ad me&aBugert,2009p pe v nc
a odolnost proti mikr ¢20083)n.2 nuS envagp aj dee np2o0 nfID

materi 81, kterl ale mTadekad?,t sdteggrr§auBo??rion zo
atermooxi dahRtmmi ( Mat suo a kol ., 2011) .
dSevokaznim houb8m a hEnvyrzoup sk ® unwovoe dh®n akENv
Organismy schopn® napadat dSevo, bakterie
syst®my, kter T mi | stdigno-cseclhwlp-nzyo wdle gkr candlve x a
pSemhNnu a mineralizaci dSeva na oxid uhl |
a moSskTimi ¢givolichy. ThHDmto organismTm dSe
kombinaci oboj ?2ho. Nej dT! e §idtSjvip? nis oaur ghaonu
rodu Basidiomycot a, zpTsobuj2c2ch b2l ou
zpTsobuj?2c2ch mnDk k ou hnil obu a skvrny, (
pogkozen?2 dSeva jsou zej m®na t ey (Stlihg , pl 2
a kol.,2017) . KromRD finanln2ch ztr 8§t | eadec€r oveR
a kol., 2017).
211 Abi oti | t?2
Negiv2 | initel® mohou | asto zpTsobovat

| asto zamhDRovg8&ny za degradace zpTsoben® h
Abi otineinktel ® jsoulDmizclei,astpd]icakkmnb je

povich d Sewnar ugen pTsoben2m abtiet®cklisonu fsplo
spovRtrnostmmi jwel UXylkdthe rk2mNDnw2 tt epl ot , | e
pS2stup gkTdcTm biotickT  m.

Abiotick® | i nitele tedy dRI2me do t Spraxihl av n?
kombinovat:

T Termick® degradace
T At mosf ®r i ck®
T Chemick®

ZviDtr8vsn?2 dSeva je nejlastnjg? typem

ve x t e rKirkerawinéndy,2014) . BRhem vyst ay 8ailignhjSeva U
narugen a pSemNDnNn na radi k8l ov® skupin
hemicelul -zu a celul - zu, ty | Ewans, 2008 k snad
Hon aFeist,1986) . Tot o narugen2? je mbBbkhp@dut akel

| §st2 dSeavka.veM8mivgnep D2z np i@ nlalviorsky n§t NDr c
acel kovT1 vz h(Gaodell gpkoly2020h u
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212 Bioti|t?

Bi ologick8 degradace hkohjoé DI zpoSkeirAokdu) ©
(Gelbrich, 2009). Rozkl|l agSd6edd vaji gSuje Sada ¢gi v
nNg pat $2 zejm®na houby, hmy zakolh20k9).er i e, r

Bakterie

V. 60. a 70. letech se wuk8zalo, ¢ge dSev
bakteriemi, a tkl dh piSliacdixn § ®mnKlgesatiszok,u ( Bo u
1975). | k d ywD t agbakteriz k r 8§ t k ondeozbplll e amejhodn & ¢ en ®
v8gnhD owlltvRunjue vI astnost 2 dSeva, mohou

dSevokazn® organi ¥yhkgz@Wiol sex, §e9NnNMkt er ® be
podl ouhol eth@mAa@Ek®!| i k stolet?) pogkozen2 dS
mechanicklch vlIastnost 2. Bakterie jsou ta
ponoSenTch dSevhDnTch z8&8kl| g2020yBakt @i i & ST n i E
do dSeva pSes par ednSehRonvaltcihc kpPa pbrusfkkly a p Se
kan8l kkyde se pak hromad?z ( G206pKMesTnilloew 5¢ o F
sousedn2ch bunhDk vBakzeajie >stchmlpea® my.z k| §
bunbD| nou stRNDhavstettowMd Bow®@ozn2 (@EBI.,4d99€ hett e
Reinprecht, 2016; Singh a Butcher, 1991).

Hmyz

Hmy z j e nej vint g? s k u pi nAshropeda) lka mson u I | e
charakteristilt? |1 8nkovim tNnDIem, kl oubo
exoskeletem.Na rozd2| od hub a baknrTegrei 2v gnaekn 2g 2vtg

dSevD a znehodnocojadhaleho Sadu |l et, neg

Hmyz, hraje vidzenganandoawc ir odlSievva. Z8§vagnost
na typu hmyzu (Geib a kol., 2008; Shupe a kol., 2008), mechanismus a rychlost
degradace pak z8vi ke emiastriTkz&chc,h jcahkaor aj sou
dSeva, obsah extraktT, prTSez a typ oget
hmyzu degradovat <celul - zu, naprot.i t omu n
jakTm zpTsobem jlemypral ovt§y&wne ovhl,2008gni n (
Warnecke a kol ., 2007) . Hmyz pou@Bowv§ dSe:
pS2padech rozkous&8vg§ dSevo na mal ® fragm
dSeva a fek8§8ln2 materi §8l, zn8&ml jako drt
napaden? dSesoavn apbavdyeknl®m jd SevhD oddRl en® t u
kan8l ky nebo vykousan® z-ny a ve vDtginD
napaden? houbami (Zabel a Morrell, 2012)
vl hkost dSeva okolo 10 % (PtS&8mEfe RAK®)N®FE
spory dSevokazninah kirwly krfa hs wn{dacbbsemakal.j t S t NI
2017; Reinprecht, 2016) a z §r ov e R shio umbTagre bvpymbviosStiitc k T
vztah (Oevering a kol., 2003). Geib a kol. (2008) testovali schopnost hmyzu
degradovat ligninvj eho st Sevech. Zkoumadmiopracespr ok § z a
tr8venz2,
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Termiti

Termity maj?2 obrovskl viznam pSi recyk
materi 81 T. Jsou vgak povagovs8ni za jednohc¢
prost Seddbydt ekl oh oblaassnt@& cchablV jseougdops §no
3106 druhT termitT a asi 363 | e ,R018agov_8gn
Gi jszocvi 81 n2ch s poljeeldenn® tkvo2lcohn,i ik djyi jver 1000 a
(Reinprecht,2016) . Na bpzHtkEr®drbokl §daj 2 dSevo
degradovapr @86Bko kodi 201 XKke. aCe&klodl.- zu str a

enzymT se symbiotickTI mi prvoky, bakteriem
jarn2 dSevo, |2mg vytv§g§STermitiaj pmaf &r wjyh | b e
261 32 AC a rel ati vni90~4(Bekkersl®76)v zduchu 70
Termiti se dRI2 do tS$2 |eled?:
T Podzemn?z2i Giejeéminebovk ont aktu se zem?. N a

vl hk®, t ak skuocnhs@ rduskelvn>.m Ml SevlD pog2r a
T Vi hkodSeviiNapadmjti hl aonbDadéfeveevzem?
f SuchodSevri2Napadmij i vzduchosuch® dSev

vnitSn2 z-nu. Dok§8g2 ovgem pog2rat i

(Reinprecht 2016).

Mezi prvn2mi vizkumalteshajteymiochpBSangd
termitTm byl vizkum Trikojus (1935), kter
kyselinou citronelovou.

VnovhDjg2ch prac2ch Shanbhag a kol . (201
dSevin na odol nost p r arinou koreacimiezi Austatou, Ob j e v i
obsahem celul -zy, l igninu a fenolT a deg
l' igninu a fenol T se zvygoval aygdémnobésapheo
celul -zy bylo dSeSi nw2cae kmlpaded019) tes:

nanol| §sachcranh dSeva prot i termitTm. Ko
syntetizovsgny pomoc? rostlinnikcihociedh? mk't
vliastnostmi nanole§ekitemspojsenliamTish extra

Akhtari a Nichol as (%l0iln3n)o sbty | daS eplor sobvineSevagenna
Zn O, CuO a rozpustpimtiampaodme u2Om ter mi t
uk8zaly %l innost mi kroni zovan®hoochxiadhdd mL

prot.i degradac.i termity. PSilemdg mikroni
v dlkel .
Houby
Rozpad d%eVM&k ® d §sti zpTsoben houbami, k-
vz8vislosti na vzhledu degradovan®ho dSev
| initeli jsou b2l § @&hdchwniangiBdsidiSrlydetesa z p TS o b e
Houby kkosyjsz ®&mu t Si hl avn2 role. NDRDkter®
gi v® rostliny a zpTsobuj 2 u nich nemoci .
symbi -jzeuj ich hostitel i . ddmgby Rterd® rsokzukpl i 8ndoay
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rostlinn® zbytky a o@&¥Eypwyksodul adp ®dipotréuljo?l F
fotosyae®ermlxeh rostlin§d®.DrZalyelhud MG r®e lhl
sch

kter® mDIly opnost rozkl 8dat | ignocel ul
vi §mci tS2d hub Agar i ¢2002y Bokudesj d eF | oo uEduakso ray ¢
houby, spadaj 2c? do podS$S2 ge Babdokyeatay i |, Z e
a Ascomycota, kter® hraj? do&dgmadmoiu dDdva.v Jsc
znejnebezpel nDjg2ch organi smT zn8akp aaddanj22nt 2
UzpTsobhegazkachd &a. Nej sou toti g schoen® »Stemd
stavebn2 jednotky, proto se ¢giv2 jinIimi or

znich stavebn?2 jednotXZOl6uhla kd8l(eRepalr dab
dopl Ruje prim8rn? sacrhavhbdkou astduav?k.u P
extr®mnhN vysokl. Dus2k je |limituj2c2m fakt
2003).

Houby se d 8§ DI 2 na stopkovitrus® a vSecka
rozmnoguj?2 tak, ¢ge praskne8§whBjDjlyéu lwvd B&kma \
(hyfa). TRla dSevodegraSad2cPcht bumal sohu
propojenich trubicovich bumBl.ni KEMY , | youwj
tr8§ven2, vstSeb8§v8&n2 a metabolizaci ¢girok
aMorrell, 2012). Hyf a se rozrTst§ a vytvg§&S2 prim§rn
pri m§rn2ch podhoub?2 se vytvg§S2 podhoub?2 se
je dvojjadern® a mTge vytvoSit plodnici,
nov® vIitru2909).(UPMjEEtbBk hub se vytvgSej?2 spol
semena) nebo jin® mal ® fragmenty hub, Kt e
vzduchem, vodou nebo jinITlm organismem (nap
kde pak mTmev & ok *ltorki zaci 5h2020). (Boodelah8pae
kol oni zace dSeva houbami jvesla(obsath @hkastiveot Se b n
dSewvddd 20 %), kysl2k, teplota mezi 15 a 45
je zde konstrukl|l n2 ochrana, kter 8 zabr §n?2
obsahuvihkost. Vn Dkt erTch situac2ch, kdy je konst
je dSevo vystavenoj ehdkwopuditadvzHtjpddeat £dba
prost Sedek jako prevenci,2@t)ot i napaden?2 hc

Vgechny dSevokazSa® hhtoeudbiys klaz ez prToszobu degr
fyziologicklchhn®d&: hlomikdkb8a nhianl iolboab,a ,( Er i ks
2012; Kirk a Highley, 1973; Otjen a Blanchette, 1986). Vge c hmiyclkk degr ad u |
struktur&8ln2 polymery bumalRhg®l sdBhy zd $§&vV a,
dSeva. DSevo mTge bit tak® napadeno dSevo
kter® nezpTsobuj?2 struktur 8l n?2 pogkozen?2,
hodnot uGabdekakal. 2008; Brischke a Alfredsen, 2020).

Houby hhifoby®

Houby b21 ® hniloby jsou jedinimi organi:
vgechny sl ogky dSeva vylulovg&n2m enzymatic
celul -zu i l i gni n RoMuez-Conte 20179 Olwykle tedy 2 005 ;
znil2 vgeehny sbbgky dSevhDnTch bunhRDlnlch s
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to dRlaj2, se u jednotlivich slogek I1ig2.
nemaj 2 schopnost Y innpPppdegr acvaekdt§dag¢ P ulh-e
alignin, coQzsveehde®r kdedfci rloepugt Dn?2 st Sed
anesel ektivn? (soul asn®) , kter® odstraRu.
podobnou rychl oshédmogeao®?2 medea okxkpadu bunib
(Blanchette, 1985, Blanchette, 1995, Enoki a kol., 1988, Fackler a Schwanninger,

2012, P®rez a kol ., 1993, Worrall a kol .,
dSeva napaden®ho tRDmito houbami, kter® m
vybledlT vzhled (Pointing, 2001). B21§8 hni
vz2ce ned njagi® (Enoki a kol ., 1988; Tuor a k

viedn® skupinhD sp2ge z pohledu fyziologic
2001). Nej zn8&8mDj g2 mi h o uhb ahnmiloby jsoo hbasidiomycety u
anDkter® houby r oduj sacsuc otmrykc@ t £¢ h kpgreyr ® o0z k |
hniloby ( Eat on a Hal e, 1993) . Houby b2 ® hni
extracelul 8rn2ch enzymT, kter® jsou nezbyt
s | o umnjirferalizaci ligninu (Wesenberg a kol, 2003).

Houby hnDd® hni |l oby

HnNd8&8 hniloba je neform8l n2 ng§zev pro

rozkladu vyskytuj?2 odhombse crha (dGDeowdaeS s k Tac tk o
1991; Ritschkoff, 1996). Rozpad hnhDd® hni l
Sezan®hloi | jnet ®ho dBndoba. pAsPO®HE ve vI hk®m
anapad8 vDtginou pouz(Reintracht,”2I0M&yY . stHOmub yS hn
hnil oby selektivnDh rozkl|l §daj 2 uhlohydr §;
hemicelul -zy a celul zaye dhBE\mWE nfohn sv Nnpo,
nestr8venl, i kdyg vysoce modifikovanl den
zbytek (Enoki a kol., 1998; Fackler a Schwanninger, 2012; Green a Highley,
1997; Hyde a Wood, 1997; P®r ez a kol ., 1993; Reinprech
1997) . V dTsledku toho napaden® dSevo ztmav
kousky ve tvaru kost ek, cog vede k rychl
(Gierlinger a kol., 2004).

Houby mDKkk® hnil oby

MNDkk8 hniloba je zpTsobena ps$p 3 gpdehoubam
definice i zpTsobuj?2 askomycety &) deut e
BNgnN se vyskytuje hlakoPBta&tul Se®@meme os & f
nach§8§zmitstieowh se stS2davim viskytem vl hko
Rozkl §dajnR wpesdhumpy polgmeva? séjomRya vgak
ahemicelul -zy (Reinprecht, 2016) .

DSevozbarvuj2c?2 houby

NezpTsobujazmen®hani ck® pogkozend? dSeva,
r§zovou houdgbyhbhatoMohou usnadnit vstup d¢
Napad aj 2 vRDt gi nou pouwwesthbDledn®udSeénkost 2 .
hl oubRNji do dSeva, kde dSevo zabarvuj?2 v
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myceliem. Zbarven2? dSeva mTge bilt modr®, ¢
fialov® nebo | erurb®, ap wdloe e glswybhisk r 8t kiol( .
Pt 8| 2000, Reinprecht 2016; Zink a Fengel, 1988).

Pl 2snh

NDkter® pl2sniD jsou viditeln® d2ky pigme
jin® pl2zsnhD tento pigment postr8dajp2. dB& e\
pak na podkl adov®m maBagena k8ll, 1997aGaddJ1980)o v ® f §:
Zhorguj?2 estetickl vzhled, ale nemhRDn2 pevr
na givotn2 prostSed? a z8roveR ztRDguj2 nN}
dSevahorguj?2 Adichgn2id dSeva, | 2mg zamezuj

svygg? vlihkost? pokryt® pl2sn2 je pot® sne
gk TdenNkt\verTch pS2padech ovgem pl2snh pro
vri Tstu nebezpeda NjdFrMudhapgdnandbha a kol., 1992;

Phillips-Laing a kol., 2003). Nej vRt g2 m nebezpel 2 pSedstavu
pl 2snhN vytvgS2., Ty zpTsobuj(Betinndkola1989.n2 pr o
Aspergillus niger a Aspergillus flavus produkuj? karcinogenn? afl a
mykot oxiny ZzpTsobuj 2 naps§. kogn? al ergi e
sn2gen?2 celkov® imunity (Ashig, 2015; Reir

NejlastRjg2 pl2snh na dSevD:

Alternaria alternata-Hn Dd® nebo tmavg? skvrny,
Aspergillusnigeri B2 | ® vat ovipto@ dfyjdeltimammohnDd® a
Aspergillus amstelodamii G| ut ozel en® ni gg2 porosty,
Paecilomyces variottii G| ut ohnNDd® ag t mavoolivovohn
Penicillium brevicompactumi Gl ut ozel en® sametov® poro
Penicillium cyclopiumi Mo dr oz el e n @ 2plolvm aokkyr asj e m,
Trichoderma viride i Zel en® phkhoksesgvesu vIn?2, d2z ky
antibiotika gl i ot ox? n2009%Reln@dchi,2046).r Tst h

=4 =4 =4 4 -4 -5 2

22 Preventivn2 ochrapagk&erem2 vT] i

Vposl edn2ch dede®dadensnchiobavlbdibpet v Y%pr a
aochrany dSeva. Lze to pSipsat zvigen®mu :
popt&§vce o vysoce kvalitn2 dSevaSsk® viroc
dSevitmhoZo dTvodT vznikla Saaa a%chd@i &henmo
I mpregnaln? nebo tepeln® (Mantanis, 2017).
na mnoha fakt oriedh,) ej eemdbrs2arh 2 xtraktivn2ch |
taniny, t e (Celienang alml., 089 Kywtul a kol., 2014; Reyes Chilpa
a kol., 1998; Windeisen a kol., 2002).

20



Fungicidy
Jsou to organick® (koegaoby) an®miainwkaodivy

kvartern?2 am-ni ov® sl oul eniny, chl -rov
ditiokarbams§ty, di karboxi midy, idger i v 8t
8hydroxychinol 2nhrideroivu8tgdgedi 288y i zoti azc
pol ymer n?2 al kyl fenol ov® polysulfidy, dSe\
chitosan, d Sse vihg | gextad a&kmgrgani ck ®indkrt u$S,

st S2fdruco,r i dobv-la alil @8t ky, pS2rodn2ho nebo s
Potlaluj?2, ag %plnhD zastavuj 2, g¢givotn?2 akt
na vgechny druhy dSevokaznich hub, nebo s
MmNk k® hnil obenpreehtp QQL6; StfliRy a Temiz, 2014) Jejich
mechani smus Z8vi s? na jJjejich chemick® st
skupi n8ch -laédo a koE, P04

Insekticidy

Jsou poug2vs8§ny prot.i hmyzu, kterl usmrc
preventivn) i l i kvidal nnD. Preventivn? i nsektic
vaj 2l ek a zabraRuj?2 dilevodhenmiagk® ekt rau kltaurre

anorgani ck®, kter® jsou zn8m® jig nBhDkol ik
chlorid rtuSndt-Ir,u,slsawljeenisney ploamgizvy ar z ®n
aorganick®. Jako organick® insekticidy jso
(kreozotovli olej, chl-rovan® naftaleny neb
pak <chl - -rovan® uhl ovioartkkaym8tor, gamyrf etsrf &it d/y,
heterocykly (Reinprecht, 2016; Stirling a Temiz, 2014).

221 Chemi ck8 ochrana tradil n2 mi bi oci d

Sl oug? k e zvigen? pSirozen® trvanlivos:
bi ologickim a abiotickI m |dnreigtné!l Tdno.b RJ sho ua
syntetick® chemick® | 8t ky. Prost Sedky na
%l innlTch | 8tek, d8le pak | 8tky prTvodn?2.
bakteri2m), fungicidn?2 (proti dSevokaznlm
pog2rat dSevo nebhpogl nepiaden@mhuopgevid), dS§i
hoSen?2, i nhi bitory povhDtrnostn2 a chemicko¢
ochrany je potSeba zohl etdoviitk plogygidokv@ n® eK
parametryn? aplaiskalosti, pS2pravu dSeva pSe
Chemick§8 ochrana se poug2v§ pSedevg2m na
(Reinprecht, 2016). Konven|lnD poug?2van®, 1}
zal ogen® na bioci dec aarsen, kréopoty,js@i banuniho c¢c hr on
organi ck® sl oul eni nyHumghreg 2002 Reylo adVillgtoel, . , 200

2001).

Mnoho druhT dSev odol 8v8 pS2jmu ochrann]
kdosagen? dostatel n® ochrany donemBtniodoa
dSeva (Kjell o200®8;: Henidiikszem, Homan, 1992, F
2008) . HI avn2zm dTvodem sn2gen® schopnosti
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stavba dgSe®m sV¥Yrompd wienamidapshybuje trache
kt er ® jesmmul vErsdpojen® jtel kami . a P8vopokE§ce
ang§sl edn®m vysych8&8n2 dSeva se tyto prTcho
tylami, pryskySicemi, monoterpeny a dal g2
d8l e ukb@m@ljAT ovh st NDrchcha ari8nmrhenteak transy
(Bauch a kol., 1974).

23 Modi fi kaln2 ochrana dSeva

PSi modifikaci dSeva se zg§mDemhDzmBpgestr
vl astnost ? (ReiTephachkty, o200t a@any dSeva | so
kochranh pS3e&dubidelgog@idac? ( Kummadi,f i X®&&)N.T n
dSevempesl eedn2ch |l etech podstEatrmPnPDrodrenst
zvigenl z8jem | DenealemP ms powigeay §n2 toxickT
| 8§t e@lkfsVvedku ekologicklich probBt@®mihNn tdkavq

sn2gen2? potSeby wdrgby dSevhDnich virobkT,
pougit?2. Modi fikac? se pSekom8wajnoss| ad®
vl hkosti, nz2zk8 rozmRrov8 stabilita, tvrd
odol nost proti bi o-lhomgiibgkn, m bd eogurkaldmg ¢ 2tme r mi t
odolnost vTli UV z8Sen2. Modifikace se z§t

vla s t n(&antberg, 2017).

Modi fi kal n? proces dSeva j e ter m2n Z
mechani c kT ¢ h, fyzi k8l n2ch nebo biologickTlec
materi 8l u (Sandberg a kol ., 2017) . Modi f i
vliastnosti dSeva vletnhD biologick® trvanli
(Homan a Jorissen, 2004). Hlavn 2 mi chemi ckT mi modi fi kacem
evropsk®m tr hu j sou acetyl ace, furfuryl e

pol ymery, d8l-bypad&l a @ir enk ®ytraogitke-mend k& mi ¢c k ®
zpracovsg8§n2. Chemick® procesy makPcH2kiynvdek
nej pol etnhj g?2 mnogst v?2 druhT procesT. Sa
k¥apr avhD pouze teplo a vodu (Sandberg a kol

Acetylace i esterifikace

PSi acetyl achemniockh®@ z?P ea&kkci mezi hydrox)
pol ysachar i dekulathi®estarhydsdu (@ebiane a kol., 2011). Reakce
prob2h8§ ahppkin® Vv 8§zi po pr vAdat?y li anmpe edgevwe
pougit?2 anhydridu kyseliny octov® byl a nej

f8zi (Rowell, 1983) .i nTiactioo vr8enaak czea tpeohuddyi tk?y
katalyzovan®ho chloridem zinelnatim nebo
testowvn®Phkol i k dal g2 ch katalyz8tor T, vl etn
drasel n®, s2aaounnm@bbovia& kapal nT nHil, tak
2006;Rowe | | 1983). VDtgina acetylaln2?2ch rea
katalyz8toru (Br el i;RowelR2015)0 Reakibbaacetarshydridss, 2017
s dSevn?2mi pol ymery vede k esterifikaci h
za vzni kw weadldajkg?uh kyseliny octov®. Tent
odstraRovg&n z modifikovan®ho dSeva. St e|j
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obsahuje acetylovan® dSevo pouze uhl 2k, v

toxick® slogky (Hill, 2006).
Peterson a Thomas (1978) ve sv® pr8ci uvg§dnj 2z, g
Yoli nkem acetylace je inhibice rTstu hub.
dSeva pSest§v§ Dbilt ¢ hpernfincikklum dporcohc8ezseelmo as ik
u

Srovnsgn? pr TbDh kol dmiczed wdl -ozbyn 5 mo t $reoluyp a h

vacetylovanlich dSevech se zjistilo, ge ak
rozklad ligninu z8vis2 na pSedchoz2m nebo
Ve vizkumu Rowell (2016) se ZVyguj 2c

zvygovala odolvifdst hhSd obnN a h
vysvihDtleno sn2genim obsahem vl
pro rTst hub.

se

oub8m hnhRd®
hkost.i bunn|
Furfurylace

Furfuryl ace j e prod$eéRlaa smlApfteghacfur.y
akatalyz8&8torT a paockit® vjoer §nah $2V §mremac e . Fu
kapalina vyrobeng8 ze zemRdNDIlIsklTch odpadT,

kl asy. bl elem furfurystaceropti zbieplgepiz c ko®
azvl gremZ2mRNrov® stability. PolSemdr gee kfoumpfl w
chemick8 reakce. ZTst8vs§ ot8§zkou, zda | e
modi fi kace. NRkteS$S2 vRhRdci se domn2vaj2, ge
protoge furfurylalkoholovl pol ymer reaguj
st Nn &@drdin( 2016; Lande a kol., 2008; Li a kol., 2016; Nordstierna a kol.,

2008) . Furfurylal kohol ov® komplexy jsou tec
dutin8§ch a bunhRlnlTch stRng§ch. Furfurylal kc
zab2r8 | §st pr orsn8drnud, nkatpe rniNnj emod e k ul a mi \
bobtng§ ve vlIihkTch podm2nk8ch (Lande a kol
vysokou wWroveR ochran proti biologick®mu r

oget Sen?2 (LandMeval hkoodl o.u, f®ubreofduprSd war ajne j eho
barva (Reinprecht, 2016).

DMDHEU

PDprava je zalogena na aestfoBigdiydrdoxy-D MDHE U
etytmo| ovina) se slouleninami dSeva a jejich
zpTsob2 trval® zvDtgen2 bVO0h®P?I n®ozmMDNyy ® k$
(Krause a kol., 2008; Militz, 1 9 9 3 ) . Z8roveR se YWpravou z2:¢
VTbEl ® a hnhDd® hnilobnD (Kurt a Tomak, 201¢

Ter mi%krgav a

Tepel n8 mo akikfoil lbagd & kjye g et Rowéll atka.c2009;01 ogi e
Tjeerdsma a kol., 2000). Jdeof yzi k81 nND chemi okenpr oaes hem
degradaci pol ymer u diSRivak tpeSre@no s jestdntNelpysd sat, e |
strukturn? ahwayhbkae®iCatdaid §kolg 2016j Reifiprecht,

2016). Proces tepel n® modifikace vIiznamnh ovli
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dSevPDn® mat j208b) ( HeTrerpeerlan ® zpracovg§n2 pSi t

220 AC zpTsobuje degradaci chemi ck®ho S
(Lekounougou a Kocaefe, 2014; Poncs §k,2806Kal .Z8roveR al e

kodpaSovsg§n2 extraktivn2ch | 8tek (Hill, 20
sniguje hygroskopicita materi 8l u, | 2mg se
d&8l e se pak zvykHily P0e6; Reinprexht 2016).0o0srtu h(y a d Se v

oznadm@Sed Ypravou jako netrvanliv® nebo nm
houb8&m (pod2l eSaEZNem3y50d0 5. nebo 4. tS2dy) | ¢

pSi 22800 AC Sazeny do skupiny stSednhD odol n
D2ky tRDmtmo j2mNRNre§ mi cky upraven® dSevo vho
vystaveno cyklicklm zn®®r&m doadermesa?Qida; v | hk os
Niemz a kol., 201 0) . PSi tepel n® modi fi kaci dSev
vzhledid, | 2mg se zvy g ota(Ehenakbl.p20l2;kSandbenpni ¢ k § h
akol, 2013). Tot o oget Sen2 vgak mhDn?2 povrchov®
oviivnitgi votproovstc h#pi,abkt er® jsou nezbytn® pro
povrchu (Herrera, 2015). DSevo mTge bTt zpracoeb@no po
spomoc?2 pSi da n Honmn aJorssen, 2084t Lieé a kol., 2018).

Y ThermoWood i VT r
vsugs8rnhn r
postupuje

ba prob2h§ ve t Sech etap§ec

y c hl
a

DSevo je vy
n
j
§

0
c | ot a na 100
g g2crd&m m®di em
sugeno do nulov® vli hkosti . I
zvygovsgna a
parametry S
Ve tSet?2 f §z
2006).

2B85 A€g ppl1xdobu 2 ag 3 hoc
ou d§ny pogadav,ky na kil asi
i je upraven® dSelMo postupn

T PLATOprocesi Proces prob2h8 ve |tySech et aps§
etapy, kter8& trvg8 4 ag 5 hodin, je | ers
termicky upravovsgno, pSi teploth 150 ag
0,6 ag 1 MPa, p&rou neboRhsekd®evbpdBche
ag 5 dnT sug?2 na pSiblignou vlIihkost 8 =«
16 hodin vytvrzuje, za omeeph®hd SO st u
ag 190 AC. Z8&8vhDrem prob2h8 vlIhlen2 na ¢

f OHT procesi Ter mi ck8 Yapr ava ijneprwygknarn H28m a
kotivm®di u hor k®ho ol eje. Teplota ol eje s
220 AC. Nejv2ce je pouéhBmem!|te®td nDnl
Yapravy udrguje jen mal ® mnogstv2z kysl?
neg8douc? termooxi dal n?2 procesy. Ol e

postupnd zahS2v §.

T Reti fikal nPosptropcre® zvygovsg§n2 teploty na
probz2hS&rvtn2m prostSed?2 dus?2ku.
(Reinprecht, 2016)

Jedenzprvn2ch vizkumT na odolnost houb8&8m u
provedl Stamm a kol. (1946). Odol nost v Plyil ahmielhadlpupNSi ps §
sn2gen® hygroskopicithD materi 88l u, cog zabi
bunhNl nTch stNDn nebo chemickou zmhDnou ve d:¢
knapaden? houbami
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ZnovDhDjg2ch prac2 ke stejn®mu. 2z(80Xr2u) ,d okgtl
vich z&8vDrech pSipsali zvigenou biologioc
Seva n2zk®mu obsahuPopdbveovEgh®mul Weogt ia.
2005) mTge povrch modifikovanlT OHT pomoc?
®pe odoll28symm2tm,i apl e nhRkdy blTvg jejich odc
Kartal, 200&VyrciBothargmddSev vystavenl povD
Tt velmi rychle degradovgn (Tolvaj a kol

24 Modi fi kace pS2rodn2mi | §t kami

Vdnegn2 KbhatepedT rnaekoldgitkeuwechfanud Se,vakt er §
jepSedmNDtem rozs8&8hlTch vizkumTchkp&e®tuph
Pr vn?2igchjze vy uhyy2dr8mfzocbhi zlail mizdi&klo j sou pryskys
a oleje pS2rodn2ho n edywacelinkostiiSeg@®ha §p Tz od u
Laredo a kol., 2015; Humar a Lesar, 2013; Lacil aleeakol., 20182 01 4;
Patachia a Croitoru, 2016; Salem a kol., 2016a; Terziev a Panov, 2011; Yang
aClausen, 2007). D81l e je pak snaha vyug@ritocp $nereondr
Yal i nk®ky kit er ®mu bude pr od(BahmgneanSehmigti v ot n o
2018; Demirel a kol., 2021; G 0 n-taedaazkol, 2015; Hussain a kol., 2013;

P8nek a kSnghaSingh®Q012;Teact a Kk o |VermaaXa0l.12009a;

Xie a kol., 2017; Xu a kol., 2013; Yingprasert a kol., 2015). l novativn2z met
pak zamRSuj 20 lnag ipcokulgciht 2k obnitt € dy nehickr ¢ 6 mg areil
kter® pTamtbadg ¢ mikisSe v or kKTaszt niBrucena Kmgy 1983; Bruce

a kol., 2000; Croan a Highley, 1994; Elad a kol., 1983; G o n-a&edeeazkol,

2015; Highley a Ricard, 1988; Mai a kol., 2004; Morris a kol., 1986; Poohphajai

a kol., 2021; Score a kol., 1998; Susi a kol, 2011). Vr 8§ mc i snahy o vy
ekologick® a z8roveR % inn® teshnalamdiSena
na | §tky pS2r odnms2hio ppSPw odus e®vguasdtjcey,j, t S2 s o
apS2rodn?2Genz §larédb akol( 2015).

Oleje a jin® derivg§ty byly poug2v8ny
dSevPDnTich virobkT jiddoldnBniSedloarjlkjue mNawpds??
barev a | akT, kde sl oug? j ak o Kkarhbinacin T or g

sjinT mi organi ckhkmi vmzrmidutv pggdssaiméedn2ch | e
uk§8zalo, ge nhRkter® oleje jsoui®WTli ne®dBSVN
a t2m zvygu(Shgh ®I|Singhn 204%). SpS2chodem Y%l innn
synteticklch a anorganicklch smRs2, kter®
pougz2vs8n stal o pm®&d 2 dant2rcank tl iewjreg.h cthe pow@e m

d2ky jejich zdravotn? nez8vadnos:!
synteti ckT cChittemden and Sirgh, 2011). Ol ej e z2skan® z b
maj2 girokl rozsah n8zvTpolgpkopyeropyzoilz
bior opnl ol ej,, dbSieovpna®l ikvaphéj eyneld&edest il §t
ast8§vaj?2 se potenci 8l elmm? agkroosd tn®aedaky vma &ol
(Kartal a kol., 2011; Okutucu a kol., 2011; Singh a Singh, 2012; Temiz a kol.,

2010).
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Sl oul eni ny n-aéjfeczhe nb® Ivy bricozd Nl eny do pDti k

1 hydroxyaldehydy,

1 hydroxyketony,

T cukryadehydrovan® cukry

T karboxyl ov® kyseliny,

T fenolick® slouleniny.

Ol eje se poukgbinacist ephle®T m zpracovg§n2zm (
2018). PTsob?2 z§8rowp®Rspjuakvd hk®stana swubhg
ochrana dSeva proti pl2sn2m a houb8m

Vdnegn2 dobh je | nPnml nonloehja porlien8orvnl2c hs |boa
amoSidel, kterTm dod8&8vs§ ochrannou funkci (
al e ng§chylnl na nrhmhodWVedem?2 | @ls1 o s e pr
spS2rodn?2 mi extr aktY007TbLysm?2 si lkio kysalifpuRl0 0G| e ]
boritou a zv 1 gili t ak cel kovou Yal i nnost
vyluhovatelnost boru.

Lee a kol. (2018) vypr acov al i p d&ste komiirdhc? #4¢ p dndn n ®
zpracovdstlinnimi oleji. Z§wbOdm@®&dihppodnot 2
ohSetvz m, ge jejich %W ianpoug) e®wmebmej z8vt
adruhu dSeva. U dSeva ogetSen®ho oliejem d
vlhkostiast 2im ke zbeépleraoadt proti houb§8&m, u odo
vych8zel. rozporupln® visledky.

Voskyjsoudob Se zn&§m® pro sgmowats chbplnmest zd e
v o d I@®Esaf a kol., 2011) , t2m je zvigena i eno#unmost p
a Lesar, 2011; Lesar a Humar, 2013).

Mezi nejlastnji pooucgh?rvaanni®d alpGEpsakky,Silcal &f u
adamar a. Dal g2 mi pryskySi cemi zn&§ml mi pro

jsou kop&8lov® pryskySice, bstchaSat sariddrac t er per
(Teact a ., 2009).

241 Modi fi kace extraktivn?2 mi | 8t k a mi

Vyugit2 pS2rodmnstchi exmredlot Thubprhyb®huzko
historie astalysene j s tmaprrge?s t Sedtkrya kDVmiSewlaosti byl o |
t Dchto pS2roameZzmwmizekbhamkdkl ch dTvodT, kdy
l evnhNj g2 varianty ochrany dSeva chemickou

V1 zkumy j sou vel mi | asto zamhRSeny na
upraven®ho oabotl mdlrcuhy T (BioSce @a kol., 2017; Hart, 1989;
Hashemi a Latibari, 2011),zj ej i ch kTry ( T a sTasciaglg&akol.,a kol
2013), z rostlin (Barbero-L - pez a kol ., 2 0@héng a kdIi, 2088; koI . ,
KwaSni eSwspk aa kol ., 2 0SiBakol.kKod;KwiasSwms leips k a
a kol., 2021; Salem a kol., 2016b; Wang a kol., 2005; Xie a kol., 2017).
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Je zn8m pozitivn?2 Y inek extraktivn2ch |
Taniny se ale nenach8z2 pouzeovacialistehev D a
rostlin (Hassanpour a kol., 2011; Montes-C vai alkol., 2017).

Extrakty z rostlin

BRNgnT mi zpTsoby z2slb8eg&nn ¢wtouakgylrox T z

rozpougtnhNDdl em nebo vodou. ZpTsobexaxtarkd KTc e
proti c2lenim gkTdcTm

Kofein

Jde o alkaloid ze skupiny methylxant i n T, kterT je pSirozennh
rostl in. T NDmi nej zn8rmRAjjg2 miatj®s coau gpuaskr akn&v
a Crozier, 2001). Kofeinvt Dcht o rostlin8ch sloug? jako

Arora a Ohlan (1997) stanovohwhabdna ci t1l i
kofeinaextraktyzk 8 vy a | aj e inpitrano @2 ptsasxit Th v Br agu
(1991). Nepougili Jlistl kofeikh§vp)ezehen®h
a | ern®ho | aj e. Dal §% st ¢ snt kK kfpanlkic egpmalc? aclhy
0, 2; 0,3; 0,4 a 0,5 %. Extrakty ze zel en®
Phanerochaete chrysosporium a Sporotrichum pulverulentum. Na |lernl | aj
byly citlivDjg?2 houby b2l ® hniloby neg hr
vy k § zal &hldbia tatiaga. Vp S2 padhnD k&§vy byl nejvhDtg?
Daedalea flavida, Sporotrichum pulverulentum, Phanerochaete chrysosporium
aAspergillus flavus. Z8roveR testovali o®PipadBDni ivis
pSipravenlch extrp8apl2rpSeTso fpiduk8zall2o0 na
antimykoticklch % innlTch | 8tek, protoge ir
pS2padech sn2gena. U k&8vy a laje jsou hla
Hl avn2m al kaloidem j e pmak klomfceeinnt ,r akct2e rr 1T zmH
Yal 1 nky. Gloedploylluim yirabeum a Aspergillus Flavus b y | 0,200 u
koncentraci zaznamen§8n 1r0dDY% oiurck?i bk d me e n¥lr
% inek rozgi Soval i na dal g2 houby. U 0, 5¢
vgechny druhy 100 %. N ipue platudtris, (Phlepbix radiagal y h o u
a Duldiniu concentrica.

Arora a kol (2009) dl 8nl 2e at ketsitvoi vkafl viye xatnrt ai
al ajem2xklch koncentrac2ch Wgeechagnltcehst p v 2
bakterie byl y v2ce | me®nhnD citliv® na | ajov®

Daligvtrot esty %l i nnost.i odpadB&berb-L| gerk =z
a kol. (2018) se tSemi houbami hnhRd® hni
Vtestu pougil givnou eghladm psr ds¥et @ %k v GW® o
obsahem filtrovan® k8vy a 1% obsahem | er
prob2hal o podl e Chtaengt eactkobdyl,a (Zj)9i19®)NNna i n
vzor bpo ©®sbsahem proset® k8vov® sedliny, Vo
kof einu. Toto zjiwitdlnedlky kArsmruehlaas@hlsan (1
sil nnj g? “% inek k8&8vovich zby tGlodophyleng!| i s a
trabeum.
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Lekounougou a kol. (2008) testovali Y4l i nnost kofeinu v
spropi konazol e mtesty Adnovedl fpadte gretodiky Chang a kol.
(1999) . Propi kona zoetanolu a kgleingvtid@ st i vovan® vodDh
pSidg&ny do sladov®ho agaru a testov8&ny na

O sobhD vykazuje dobr ® antkKordcentnagi8&80 mM byl%| i nky
zcela i nhiThvwersi®or. rP8Skte se testoval o, zda j
kvalitn2ho inhibiln2hdzefektkoemBeatraofeh
sn2genlim obsahem propikonazolu. BDlinkem by
bez ohledu na koncentraci kofeinu.

Cofta a kol. (2018) test oRimus bylvestris) d Sevu
kombinaci kofeinu a komer| n2ho pS2pravku

prost Sedku prSTaimildh klodred eantvrac2ch (1 %, O,
0,0625 %). Vmy kol ogi ck®m t estu p alsperdillys njger,pou gi t
Penicillium funiculosum, Paeciliomyces varioti a Trichoderma viride. Nej m®nn

Yol i nn8 byl a llkwo kinmaene rac? kAfmigerrnu pr ot h

Prvn2 vizkum na odoal Rirfus sylvestrs)yr owipc @av d re® r
vakuovou impregnac2 kofeinem proti houb 8 nSipbyl z k
akol . (2018) . rTlext® vk8onnyc emytirya ¢ €4,0¥603010;1 ch r o
20; 25 mg.ml?) proti nej | ast Nj g 2(Aspergllus’niger,? Aspergillus
versicolor, Chaetomium globosum, Cladosporium herbarum, Paecilomyces
variotii, Penicillium cyclopium, Penicilium  funiculosum, Phoma violacea,
Trichoderma viride)al t y Sem d Se v o k a@onidphoralpuiearta,goria
placenta, Gloeophyllum trabeum, Trametes versicolor). Z8§r ove R byl a pol
vzorkT vystavena v Y1997)aQdelmostyv pbdubS8ENpPp&8K byl
testov8&§na podle EN 113 &N ISDd3dd (19673.Zt pB& an?2 n
hmot nosti zpTsobens§ houbami byla wu wvgect
sn2gena, oproti ne&gétkSeml mnredf dyénpdmor o\
T. versicolor. Z8r oveSR bkyolnoc e nt rladcd c 2215 nmg .ondlo| no st
vgemestovanim houb8&mMIl ak ynmre2scniz mpSedpokl! §da
kofeinu proti houb8m je zpTsobenatiaomeb? c?
aktivity hub.

KwaSni eSipsakkml. (2019) d § | e kpnebikovali Ypr av u kofei ne
vakuovou i mprtegelcéu smod(igSikac2tepl ot §
100 A C120AC140AC1 60 A8 0 AZzp0o .AC)Stejnn j ak
v KwaSniSéwskaa kol . (2018) byla | 8st wvzork
z8§rodaRg2vysS8tsavena suBdm@®@®| arbox 1500e k
modifikovan ® nor my | -5 @003).1N884s1l eduj 2 c? tpmpoity o
Aspergillus nigerpr ob2 hmhal ¥ 8§ lEN 0 86 (1997). D2ky tepel n®
dogl o ke zlepgen? odolnosti dSeva po umDh
vyplavenNekdfepigdhuvl sliesakgeppkp iy L ¥yYu QiICt 2t

KwaSni eSwspkaa kol .pdqRrO2l19v al§il evl zkumem, | a
mezi dSevem a kofeinem, jestli existuj?2 v
| esn®pr a&kvhD dSeva byla opRt vyugdgita vakuov

.
[
[
4
<
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aspergillus
https://www.sciencedirect.com/topics/immunology-and-microbiology/chaetomium-globosum
https://www.sciencedirect.com/topics/immunology-and-microbiology/cladosporium-herbarum
https://www.sciencedirect.com/topics/immunology-and-microbiology/byssochlamys-spectabilis
https://www.sciencedirect.com/topics/immunology-and-microbiology/byssochlamys-spectabilis
https://www.sciencedirect.com/topics/immunology-and-microbiology/penicillium-cyclopium
https://www.sciencedirect.com/topics/immunology-and-microbiology/phoma
https://www.sciencedirect.com/topics/immunology-and-microbiology/trichoderma-viride
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aspergillus

vkoncentraci2 mgmlt. L8st vzorkT byl deENgs(199h.ena m§
Kpozor ovgn? byl a vyugita met odaurieiowvod r al er
transfor mac? (FTI R) a pozorovsgn? p OmoC:*
mi kroskopu (SEM). Byl o prok8z8no snadn® v
mnogstv2m vodyl azZ®maoveERM bzSetel n§ vel k8§
nahr omadobBhn& swvech prim8rn2ch stbDn bunhDk, k-

KvTli aodopustirtel nostij ek opfoediSebaveg esvhod I3t a
dSevhD, aby se pSedeglo jeho kglchl @mul&)y p'a
kombinace kofeinusor ganosi | any, u kterTch byla proc
aktivn2 | 8tky ve dSevhD (PanoWPnusylestrisi ev,
byl o ogetSeno vakpowlipéddl 8 ENzhiz hf:oget St
5% roztoku trimethoxysilanu, 2% vodn®ho r

vzorkT byla vystavena vypl aven?2Conophdrh e EN ¢
puteanapak byl a testovgna&opgd ehwb wsadk@uStENI vT v
113. VI sl edke wykl8mzwHovat el nost hraje u sal

rol i, protoge Yytek hmotnost. vzrost | z
doc2lili % inn® stabilizace kofeinu ve dS
vytvgSet stabiln?2 chenmtksk®i wvaiimy j &k kaei d
ochranu. Dos8hla tak nejen odolnosti pr o

vypl aven?2,

Ratajczak a kobch¢(aaD8dSeyagivlhkkovou i mg
jako ve vizkumu Broda a kol iz@z@l8&)Selwyul pok
organosilany spolu s 2% roztokem kofeinu,
extrakt propol i su. Test ov 8 nRinusbsyhesris).b D1 ov §
Oget Sen® vzorky bylyuvgstBavweny poydlel eEnN®
amykologickk m testTm podl e ENoulblods (hInNAWBR) ho i
Coniophora puteana. Vzor ky z2skaly po %pravD organit
vyplaven2, cog se pSipisuje z2sk&n?2 hydrof

DSevo ze sedmi druhT dSevin (@b Isenr ken
borovice a buk) byl ogoztok§ koreinug20 g.ld) 2vie hwidz knu mu

Kobeti| ovg a kol (2020b). pHEsli @on@®i s&8&tC b
byl na ¢givnou pTdu z 3% malt-zov®ho agaru
apojehoj edn® stranlD agar Serpularnagrgmahsiae m ah adu uyh ®
Coniophoraputeana. Byl a zji gtBDna mogn8 interakce
skof ei nem. Nej |l epg? pS2jem kofeinu byl p
|l erven®ho, nej horg?2 mpakuauavZmrak &#,c?2 kv Blei d
Nejodol nRjg2m byl oSech, kterT m§ s&m o
extraktivn2m | §tk8&m, mezi kter® patS2z jugl

Kobeti| owe®laptestowmlia] i(nnost metkdfgnu@glM)t i nT
v e Vv o dazt@kon s hyfami Coiophora puteana. Visledky byly vyh
pomoc?2 Kkapalinov® chroaorvaky ghalhi enalkyzo\vwgn:
7dn?2 na obsah kof &ifemwvh okidbr8ccenn tnreajcper ve st o
dvou tTdnech =zalala klesat, coSf epadndlakyv
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prob2hal heubaulSerpulslscrymans ( Kobeti | ov§claBylkol . |,
zji gt NDnoy jsod eschopny widgradovat kofein na teofylin a teobromin

avgechny tyto methyl xantany metabolizuje.
snahu houery? ot emi2ak T ¢ h %l i nkjdko qiewiony ge | e

Vizkum s pougdgit2m odpakdnw2owh csht Srinr (1) dle
vrstvu chr8n2c2 samotn® k8vov® zrlhopezna o
a kol (2020) . Anal yzov §meyrakth yel sipelaim ¥itiomy k ot i
podle metodiky Belt a kol. (2013) proti Poria placenta, Gloeophyllum trabeum
aTrames versicolora in vitro testy r ozQ@oaaphoradSeva
puteana. Ve vygg2ch koncent ¥ cihn hb yli ec ed a c[3slt
nikdy ale nedogl o ke o006 akionmezrsl m22 nri T sptSe.p r
na b8&zi mnRdi byly % inky extraktT stS2brnl

Propolis

Propolis m8 anti baktvastnodlil nPodl eprddsd pv 2k
vizkumTSéeyboogeatoheon® sem odol nRj g2 hnilobn

Wo¥niak a kol. (2020) testoval. odol no:
(Pinus sylvestris) upraven®hopeapohks$semg@moghora houbi
puteana.Ve v 1 zAk-makol. (20200 byl o propoli savém®extr
nejen dSevo bor ov iviovaie (Pailswnia elongala)e Vystaadny® p a
byl y p Tsameseversicolor a Neolentinus lepiseus. Odolanowska a kol.
(2021)pou g ivdpa akk D borovackhv®mB pdSepalniys u D2 kgr
kombinaci propoli s u a silanT odol §Aspédrgilus cigee v o h o
a Trichoderma virens, vpor ovn&®évesm neupravenim nebo
pouze silany.

Extrakty z hub

KochranhD dSeva pSed houbamjinglech atkk@® .moT
houby jsou @m®8eédn?ngzmecshani zmem (omezuj 2c?
organismT), kteS2 vyluluj?2 meuvlazbkodrdu gt gk od
| 8tek, antibiotik, byl ozembddh@swovehmamd vI
dSeva jim zat?2m nebyl a vDnokad (1868, 1%k E§ po z
izoloval z houby druhu Scytalidium metabolity scytalidin a kyselinu scytalidovou,
kter® prok8zaly anCeadeakol §BMNBversemha blackog st i (
1973; St runz a kol ., 1972ha hab kzpT®o0lhwyjl 2ac 2vc
azbarven?2 dSelwd akol, t1978)vW& a( $tziclh vIT zkymech ¢
testovs8§ny t ak ®dmkithadermd, PenhigiliunhauAlspergillus (Bruce
a Highley 1991; Highley a Ricard 1988). V p S 2 p edulJTrichoderma byla
prok8z8na WYWhionm@&st hpMat® hnil oby, na houby
Y2l 1 n kad] Aspergillus. Croan (1997) zkoumal metabolity houby kmene
Streptomyces, kt er ® i nhibovaly rTst wvgech test o\
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Extrakty zed Se v a

Exi stuje Sada dSevin, kteort8§ vvwnkiyzguzjme wly
nez8visle na preventivn2 ochranhi. PSiroze
j eho vli astn?z odol noant dWSElvio, | isrei tmT Jen =n 4
vz8vislosti na st§S2 stromu, zemRDpisn®m pT]
VTl zpadu se tak® |ig2 uvnitS kmene, naps§s.
od dSenhD k -bPhnacipod®in® od koruny ke ko
2015) a obvykle je spojena s chemicklim sl ¢
extraktivn?2misaRussdll,a200i7, Gieringen & leoll, 2004, POques
a Charpentier,2015).Zel en® rostliny pTsob?2 jako z8so
net oxick® pro savce a snadno bi ol ogicky
chemi k8l i 2m. Mnoho st udii2cksye gzeatbrinv & hv Tpwroojse
ochranu dSeva. PSi vizkumech | sjo&drvalt gv e o
kter®m se vyskytuj?2 ve vDtg2m mnogst v? n
houby vyvinuly strategie, kt eExiraktivajsole br §n:
stromem syntetizov8§na hRhenchjr&mo |l §i pdteal,
aabiotickimi YWtoky. D2ky tomu, ¢ge moleku
mrtv®m dSevlD, mohou blTt dTlegitimi kontrol
korelace mezitrvanli vost 2 dSeva a obsahem extraktiyv
a kol., 2016; Pometti a kol., 2010).Chemi ck® sl ogk§drae@Pme®dfev
z|l epguj ? odol nost prot.i r oz p aadkel.,, 1981)mn o h a
PS2rodn?2 extrakty viSuldyd ¢itruaddd e mo | s2oms myt e
pro ochranu dSeva pBakardkolr 2Dk tFidahpkok, 2016 a hut
Jel okova ,d997G Mandourear Salem, 2015; Philp a kol., 1995; Qi
a Jellison, 2004; Salem a kol., 2016a; Wang a kol., 2005; Yang a Clausen, 2007;

Zhang a kol., 2016).

KTrcaSewhdsahuje vel kT, exptord2kt itv®2zslho vliét ek |,
avoskT. D2ky tkhkhuysebmgle konl|l 2c2 jako pal
hodnotnhj g?2 produkt. kPowmod2pplanalcl? dyed s« a
pyrolytick® oleje, kter® boghryanrzRRBabB\ng ( ak
L- pez a k &obhan a kd.02D@; Mourant a kol., 2005; Suzuki a kol.,

1997) . Tyto studie uk8zaly, ge r PStvglgh$®n?
zdubov®ho dSeva pak byly horkode wadho k| &mt
roztoku bylo oget Sovan®n HTSS?vsol om§ |neyn oc hrr IBkno
proti houb&m, eklyi vap&2hbobowich enzymT d
dSewvaniny jsou | ehce rozpustn® ve vodn,

Tomuto probl ®mu byl o v oz 1Py, botzmkaldway, v z k ur
1988; Mitchell a Sleeter, 1980).

Sen (2001) proved! testy odolnosti v Tlpil 2 sn?2 m na smrkov®m,
aborov®m dSevu. douv@il lonyv iQue®dsiogciolepis), k Try
borovi ce Piusrbeitak® gr Zgaoky vr TznT ch koncentr
Visledky%bk@gm®liynéwkoti ck® mlabkthések,taseo
se gpatng fixace danlich | 8tek ve dSevD.
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Sen a kol . (2009)z Iperpoggiot df§il xea czik ovalgied nT c
buku (Fagus orientalis) a bor ovRinusesyMestris)n\¥t oimt o v 1 zkumu
testoval extrakt i wdQuearcusdnadralepisy al &miryv @Ghor ov
t ur e ®kud brgtia) a zI i st T ¢k umpmpius siiada) I lokbghaci(
skyselinou boritou, bor axu, s2ranu hlinit
kyseliny borit® nebo boraxu mRKtJ po diutbiuv
val oni ov®giT mpy, n ink extrakty o gle oy ovi ce. tur ec
PSi dB2nce %emi Ber §1 n2ocrhegsadlizvntNIvli i v na fi:

extr &Rtran hlinitl s vitagky z KkTry Dborov
borovice lesn2 . Pougi t2 kombinovanlich solnlTch r
negativn2 vlIiv na retenci a fixaci. Zviger

vt g2 vyluhovg§n2 extraktT ze vzorkT dSeva,
napaden?2 houbami

2.4.2 Modifikaceesenci 8l n2mi ol ej i

Rostliny produkuj?2 Sadu aromati chkidhch a n
j sou uzn8§van® anti mi krepdnoidy, alkaloidy, $ktikyy . Fen
apol ypeptidy jsou produkty, rEKzerm@ byl iykad
(Geissman, 1963; Par k a Shin 2005) . Fenotbiodkn® sl o

Set NDznciegg m stupni oxcHdgseé?h, nppbesakljasif
®t eri ck® o,lWYP.E£tEeCow&k® ol eje jsou sekund§8ri
girokou ¢gk§8Il owddcu §ietjdlcrho scthiemig kT ch, fyzi
vl ast (Chitendén a Singh, 2008) Nev T h oda mi esenjsou8l n2ch
c h e mi wektdbilita a variabilta, gpat n 8§ r o ¥ e u svtoddgfadace
pTsoben2m svDtl a, kysl 2 ku aa8 rpo[vseoPb ejné jmi d h m
winnmaltT oh k on (Batishtarka.c2908;Clerici a kol., 2018). D2 k y
prok8zanim antifung8ln2zm schopnostem prot.i
Sada vIizakdmkas?2 esencogihPoh bo8¢ed2 za byl
d S e Bahmdni a Schmidt, 2018; Dubey, 1991; Heisey a Groham, 1992; Hussain

a kol., 2013; Kartal a kol., 2006; Mohareb a kol., 2013; Moutaouafiq a kol., 2019;

P8nek a k®alemakol2 20164Voda a kol., 2003; Xie a kol., 2017; Yang

a Clousen, 2007; Zhang a kol., 2016). Vposl edn2 ch | etepbjpazzk:
nanotechnologie s biocidy sp o mal T m u v o(ReRpract® a kah, 2017).

Dopad nanotechnol ogi ? ovgem n2803)7 promgee!l a pr
dTl edgit® jeji PBi dplo@di vi z blyjtei npnrl ocjdjic®enx tsr a k
fixac?2 Per®3e?vNdSevo totig pTsob2 jako fil
molekul sn2 zkou hustotou.t2Rm| 29te§ rsoez ttoekdyy osbs ah
ucps8vaj?2 p-ry bDhem pholascl®&Bu | mpregnace ( Ni

SkoSice se ve vI zkume 2008), Cihakolg(2087), kiro | . (2
akol . (2020), Wang a kol (2005) a Maoz a |
schopnost ochrany proti bakbheni km,| . pl(290%
kvel mi dobrT ml abet ate&tefhikdyh vie zkougmati odol n

termitTm byly u neogetSen®ho dSeva napade.

a 18,7 %, zat2mco u vzorkT ogetSenlTch 59
vykazovaly Ybytek prTmDrnpD 0,8 a 1,2 %. P
to pak byl o e7t,581 &b ou dnSeeovga a 1B13i5n o w lo§jtekt o
ve skoSici se proks8zal cinnamal dehyd (Wan
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(2020) d8l e prok8zal -eimmamaltiebyadig\8el sne2n c%|8il me kn
ol ej i z 2 slki8svtaln &mhanzommm osmophloeum. Yingprasert a kol.

(2015) testovali odol nost proti houb8m
skoSicovim a d&8le pak hSeb2| kovim esenci §
pSidg§val idamfiamnodsesnici 8l n2m ol ej em. Takto
odol nvid[jl@P2s n2 m a houb8&8m, oalle voBWmowesR nbylst
vihkosti. StejnhD tak zjistil:@ Matan a Mat
skoSice a hSeb?2| ku proti rTstu pl2sn2 na k

U sedmi esenceig8ylpnt2sckh§ opleeljafnig®m, ei, n kiopk T K
citronov§ tr8va,)brydamarelsn,ovi§ajaowrcchkopnost
p | 2 sArpérgills niger, Trichoderma viride a Penicilluim chrysogerum) na
bor ovi ciPinys edninata®v ¢ vIi zkumu Yang a Cl ausen
borovi ce byly m&8leny nebo vystavehymivimawiTm
olej poskytoval velmi %] i nomohur anu, dS8é¢égyptakk®l ¢l ar goni

Antifung8l n2 aktivita aamidaoiv®k oojej@hloi me t
vi Tznlch konemtnac p &degilldsm nige, Penicillium
chrysogenum a Penicillium sp.) na ka&um uwkSeew D byl a testov
aMat an (2008) . DSevo byl o upraveno m8§| er
i nhi bitorem rTstu pMa&msamar ibrydovdnTaz olvil meotl keg
Yal 1 nnv®y gvge2 ch koncentrac?2ch.

Esenci 8| n2azalkyl erggana at yomu §mTznT ch koncentr
ajejich schopnost Trenmes\JesimlratPostiaPplacentahhylp (

test owe nyl zkawpmua kol . (2019pregapaci8ltiymi ¢
prok 8 z &4lyi n pchranu pr ot i testovanlim houb§m. Tat
skoncentrac2 olejT. U bazal kov®ho ol eje by
Chittenden a Singh (2011) testovali ese
(l ajovnzk, eukal mptes nnamhitdebgdannovoz®l .
oregano, lema, eugenol) pr ot i houb8m |Ohgbpdr@s placentd, o b y

Coniophora puteana a Antrodia xantha, d Sevozbar v uJpHiosténma houb §
floccosum, Ophiostoma piceae, Sphaeropsis sapinea, Leptographium procerum

a p | Ttsichadérma harzianum. Testy prob2hal y meaealkygi vn®
Singh a Chittenden (2008) vi TznlT ch koncertrac?2ch. D§l e
(1996) sd Sev NnT mi vzor ky ®diau .a g@e roav®imu nm cinn
aeugenol i nhi botvead tyo walrsivd 8 gliewckhi g2 koncen:
gi vn®m m®dingd k,Lajregano, |l ema a anlz Y% ink:
kanuka inhibovala pouze houbu Coniophora puteana a olej z eukalyptu nebyl
schopen omezit r Tst ani j testtch® nme dzSkeosulg e
nej Y%l innhDj g2 eugenol , kterl wvygel jako ne
jeho vypl aven?2.

Hussain a kol. (2013) provedli (olgst Yal i
zkopt sk®ho km2nu, hSeb2]| ku, | e s nokejkproti zeder
p | 2 s(Aspamgillus niger, Aspergillus flavus, Paecilomyces variotii, Penicillium
sp., Trichoderma sp., Grifola sp. a Trichoderma viride) na ¢gi vn®m agar o
m® d ipadle metodiky Nene a kol. (1971) a zS8romaeRTdn2ch dSevD
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bl oc?2 c hmgicandWad-pAr eser ver s6 AssocH&a(R0D6).n St an
Olejezkopt sk®haekim? me hu a rhdSiecbk@hkou byl y nej %l
t e st o vpa rRTstspemyillus niger, Aspergillus flavus, Paecilomyces variotii,

Penicillium sp., Trichoderma sp., Grifola sp. A Trichoderma viride).

PS&§nek a kol . i(d2e0sle4t) etseesntcoi ¢8al B22zcah, ohl Seej b2
|l evandul e, oregano, pugkvorec, sagalrwiijk,a,
tymi 8n, eukalyptuspomBivantiajkgeliahchihnt onuwg
Yal i nnost n a FagGsesyMatica).u kRBiu k(ov® vzorky byly m
hodin pSi 10QkRaoa |20TABG s elwc3i5Bhh0®%ch ol e
koncentraci. Dalg? testov8n?2 prob2halo pod
Testy prob2zhaly proti fConwphgranputeamd) d ® b i® iy |
(Trametes versicolor) a p IASpsrgillismigdr a Penicillium brevicompactum).

Nejl epg?2 i nhvrb2i4dki2c hvl k ereagyeort ti r apdCohisphotam  a

puteanamN| esénoi &fnz tymi 8nu, oregana, pugkyv
Bahmani a Schmidt (2018) t est o(vligal i ges
kopt skl k m2 n, bergamot , cedr , heSm8nek,
l evandul e, citronovs8 tr8va,m m®Ptugpat &hn?z  an

| aj ovn2 k,nat wmio§ rt?,c h Fag$eneatalid) a borovicé (Pinus

taeda). Kapl i kaci ol ejT byl a poQ@lgejtea yalky otvess ti
prot. p(Aspesgitiud mmiger, Penicilium commune), houb8&8m hnhDd
hniloby (Coniophora puteana), b2l ® Trameteso esksicoldr) mnNDk k ®
hniloby (Chaetomium globosum)a pSirozenT m vzNegwl mnsPjg:?
vygdegzci tronov® tr8vy, tymi 8nwn®a plrevandulee
testovanim houb§&m.

Reinprecht a kol. (201 7 ) zkoumal i Yal i nek kombi nac
vkombinaci shSeb2| kovim a oreg§8§novim ol ejem,
prokazateln§ %% inonobstamdRnd$dvalpjdtiv |tySe
oproti pougit2 samotnlch nano| §sti c.

Goktas a kol. (2010) testovali ochranu b u k o v @Hagus orientalis)
abor ov(@rhussylvestrisyd Seva pr ot i hhiloby Bobtia placéh ®
ab2 | ® Hrametesuergicolorupr a@oenciiddinmond Sence a bad
hor sk®ast ovsgn? prob2hal o metog®d:bytpdkndegh
ubukov®ho dSeva oget Sen®hobadsénci BONn3d kM®
v koncentraci 0,25 % pro P. placenta, u T. versicolorb y | ale u stejn® Kk
jenv3% koncentraci naopak ¥Ybytek nejvygg?2.

Vel kT vizkum na odol nostar @tatfiemlol dh dlea
esenci 8§l n2ch ol ej T prToamétes deSieolopakCardophbren h o u b &
puttanana ¢gi vn®m m®d Veda allolk @G0B.INeijl%| i npr®j g2 mi
i nhibici r T kyly thymolbcarvacrdi, dréns-anethol, methyl chavikol
acuminaldenyd-s | ogky tymi 8§nu, oregana, anlzu, ba

|l vhRDkterTch druz2ch ovoce je mogn® nal

potenci §ln2 vyugdgit?2ti aklo?2 sorc2zhm.a nad® adsSleav lak ol .

(2005) byly testov8ny uspleok kgi terxutsrTa.h oVl ®v
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af l avonoidy citrusovl cth jpdkoad Tp g set inod gnyo pg«
a hmyzu.

Demirel a kol. (2021) wupravili dSevo epo
aby zlepgili jeho odolnost pr oaviem® iuzodorlk y
oproti referen| nZbny thigwkz ok b p 6 ptgsiekhl c h
d8l e pak 100% Y“%mrtnost Hywmtrupegbajllesspadie’EKa kr ov

47. Z8roveR bRDhem testovg8§n2 odolnosti ter
100 % Yestlarewtermita Reticulitermes lucifugus.
243 Vi hodynevIimodiyfi kac?2 pS2rodn2mi | §t
Ochrana dSeva syntetickou impregnac? | e
roku 1830, kdy byly poug2v8§ny relativnhb
(Graham, 1973; Susi a kol ., 2011). Tyto chemiKk &8I

hav§gr i eler(aB3oeilk; 1986). P S i pougit? bNgnnN dostup
chemi ck® doSeheparnoyt o pmydleSmaljefich toxicitua nesm?2 se
zapomenout ani na nlkyl eddh&®@v prodpé ®hegn &ho t
kovy. Synt et i§¢ k@ ougpvan®chr amwbs dBdajsd el k®
mnogstv2 chre@ijkgodiu 2pokad @ov Snhyo uz am2tto xn ecpk$R? z:
YWl inky na | idsk® zdrav?2 a zBeckena&dR 2@k od?2 (i
Hingston a kol., 2002; Singh a Singh, 2012; Woods, 1994).Vgec hny tyt o asy
vposl edn?2 cohjilvet guclld §yTe $he j mow ¥ 0 ga2lvt8enr2n at i v n?2
met od ochr dehwi dS8&Mhem vyhnout se poug?yv
(Evans, 2003; Go n z Sllaredp a kol., 2015; Schmidt, 2007).

Pokud s e j edns8 0 bi ologickosuynovehiahkdct
chemi ckT ch Dfgbiolegicky dbeuchte | n § , cog ale bohug
inevl hopdoyd oo D ni g geT|dd oplonvodsttrin.desuch 2me v li wIT i
uspokojivh je vySegena zejm®na jejich vyp
vody, cog je limktajt®tupbezvikagtaktu se z
2012).
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3 METODIKA
Obr §8Zekazuj e psrconveeae R pehi ment T.

Povrchova modifikace

Kofein
Smrk Zivna pada Smrk, Borovice, Buk Smrk, Buk
Maceni (EN 84), Houby Houby Nanocastice TiO,
Xenotest L - - (EN 839, EN 152, Natérové hmoty
(EN 927-6) EN 15457) ) [
” Porovnén?uéinnosti U¥ kemore
Termiti (EN 118) o i : (EN 927-6)
methylxantin( jako Vlivdfeva na
Houby (EN 113) g e s
Baiva inhibitor( rastu hub odolnostbiotickym ‘
v o (kofein, teofylin, Ciniteldm Barva
Smaceni :
. . ) teobromin) T Lesk
Volna povrchova energie , Siviatard
Pevnost v tlaku -
€ Plisné (CSN 690604)
4.1 4.2 4.3 4.4

Termiti (EN 118)
Houby (EN 113)

Maceni (EN 84),
< Xenotest Smrk —— Levandule
(EN 927-6)

4.5

Obr g§28&h®mati ck® Izokbumw en 2

31 Pougdi te®r infalty

V experimentech vk api t ol §c h VI3sd.4deaddicybylydvzotky 4 .
vyrobenyzd Sasymr k u z t(Riceaiabie®h oj ako z§stupce jehl i

nej |
odol
u kt
pSir
dSev

astnDji vyug2vanl j paoknol r kn ddn snt 2r zukka un 2 b idoS|
nost2sap@tmoweiRmpr e.gBrukyv d faglasyvalica?,

er®ho | zebpSedpok!| 8draazwvhDj g2 prTmysl ov
ozenou tpoagkP veamB ol agijoek Tjcehk ot erset feecrhe n |
o zatupdifdky dSwdmalif@@stwch visledkT uv

v kapitol 8ckapiBohedVis| ¥dkyS8ndb Bordvigd a d § |
| e s RiAus gylvestris), sn2 zkou pSirozekower §r ya&n |piovuogs?t:
vmykol ogickTchka eséekehen| n2 clHsd8pakg? ehl
pougit® wadkazgl ywa jednotliv® kapitoly V
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pougj sgu p ce 1 a pougit ®odkhSen® ok az n?
kapitoly y, Ve vEKabuce? &b n k yrRaymnpldruygi t
adalvgybrah®rakteristiky jednotlivich vzork
pops8kgpivt ol 8ch VIisledky.

TabulkalRozpis materi 81T pro jednotliv® experi men
.. ~ . V kapitole
Pougit® | 8tky |VIrobce Popis Vis| e
0
Kofein Sigma-Aldrich, Praha, 2% koncentrace 4.1
Lesk8 republ i|ll%a2%
4.3,4.4
koncentrace
0,
5% roztok Ievandul_e . . Yellow & Blue, Tierra 70 % etanolu a
(Lavandula angustifoila Mill. x
o . Ver de, PopTvKkK25 % des|45
Lavandula latifoila Medik.) Lesk§ republ ilvod
zesenci 8l n2ho ’ P y
Bochemie Wood Care
Bochemit QB Hobby S.r.o. BoHBum? 41,45
republika
2
Lukofob DxL Lul ebn z§vo_d
Lesk8& republifmix hydr 4l 45
2% Horsemen Stonecare HORSEMEN, Belgie pS2pravk| T
2% Horsemen concrete HORSEMEN, Belgie
. - E 0
EN-NANOE FN-NANOE s.r.0., Praha, _ 10 a 15% . 4.4
Lesk8 r epubl i|lkoncentraci
OSMO UV 420 Os mo , M¢nster 4.4
Imprenal profi s UV-filtrem,
2
I'I'azrurznsparentn St achema a. s. 4.4
Lesk8 republi
Theobromin a theofilin Sigma-Aldrich, Praha, . 4.2
Lesk8 republi
Maltose agar P-LabPardubice, 4.2
republika
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Tabuka 2 Rozpis pougitich dSe
odkazem natest y, ve kterTch byl
Visledky.

DSevokaznl | V kapitole
I VI sl e(

Houby b2 ® hni
Trames versicolor 4.2
Houby hnhRDd® hn
Coniophora puteana 4.2,4.3
Gloeophyllum trabeum 4.3
Gloeophyllum sepiarium 4.2
Poria (Rhodonia) placenta 4.1,4.3,4.5
Serpula lacrymans 4.2
DSevozbarvuj 2c
Aureobasidium pullulans 4.3
Sclerophoma pithyophila 4.3
Pl 2sni
Penicillium brevicompactum 4.3
Aspergillus niger 4.3
Trichoderma viride 4.3
Sprag pl 2sn?2 4.4
Termiti
Reticulitermes flavipes 41,45

32 Z8kl adn?2 testy

Vybran® skupiny vz#a5kTy(Vyl splreod ksyi mu.l 1a,c i
venkovn2mu pTsoben? m8| eny podle EN 84 neb
v Xenotestu (Q-Lab, Cleveland, OH, USA) podle modifikova n ® nor my-6 EN 9 2
(2018). Ve vizkumu VIisledky 4.4 bLyb Qlevgiandy gi t a |
OH, USA) a klimatizaln?2 komora Discovery
't 81 i e)

Testy odolnostiu pr aven®hpor od Sevhaoub&m hnRd® hni |
a byly vyhodnoceny podle EN 113 (1996) ( VT s | e d4&?2y4.5% ENL§39, EN
152, EN 15457 ((BINs®@W&y( 41 8. eTek spiodbhnositi
dSeva proti termSpgmo (VA sl @ dkybyl.d;vyhodno
118 (2013).
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33 Dopr ov tedip ®

Pomoc2 kapalinov® chromatografie/ hmotnost
mikroskopu ( Tes can Or say Hol di ng, Brnaonal Legk
el ememto§snogen2 byla zjigSovg8&na koncentr ac

PSed a gohWpshedksya 4p.Sled a bRDhem postupn
vUV komoSe (VibsylleydkmNDSendy) t ak® Lparlrmetry
Spektrofotometrem CM-6 00d ( Konica Minolta, Os aka, J
cel kov® bar abf (S@arrs,M®BB)ys m§| ¢ vi sl edky 3.1, 4.
avol n® povrchoM® | erd&krygpidemd c2 4 s dsvar UKr ¢ss
Hambur k, NDmecko) n a goni ometru Kr ¢ss D
NDmeckoBodl e norem LSN 49 0101 (1980), L ST
0110 (1980) byl a tlakld(S\eledky 4p)evan qsSt2 st roj i Tir
(Tira GmbH, SchaDREBha, paARmeclodP hal o vyhodr
(Visledky 4.4) mikroskopickou anallzou na
4100, Ol ympus, Toki o, Japonsko) a Vvizusglr
2520 MFP, Canon, Tokio, Japonsko).

34 Statistick® vyhodnocen?
Statistick§8 anal Tpmgramy $thtisticag TIBDC@ Sofiware v

Inc., Palo Alto, CA, USA). By | powlgpabktk$edn?2ch hodnot
smir o c¢dhaddechylek (SD), anal T zy BANO)Y &ddyho HSD testu

$95% hladinouv T znasmnio a | ine8rn2 ktegrée®nkrabakhb:
graf T
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4 VhSLEDKY

Visledky pr&ce jsou uvedeny formou souhrnu publikovanich |I§nkT v
| asopisech z videck®datab8ze Web of Science.

4.1 Kofeini Per spelptSkvmdn2 biocid pro ¢
dSeva proti hnilobnim houb&m a

C2l em t ®t o studi &ofelby | ndraves ntdvanez8va
aekologickou pS?iji@akm? polt@wicé ®il mw %l i nnT
pro ochranu dSeva. Kofjeidmow®& chpat Se n2e vihSDeu
dl ouhodob®ho m§8]| en? bypubnNt ésilthg ®Bodamia pr ot i
placenta a termitT mReticulitermes flavipes. Houby a hmyz mohou zpTs
tNDgkou ztr8tu funkl|lnosti dSevhDnTch konst
gefilcm k pS2rodhN je v kontextu mhRn2c2ho se

Experiments kof einem oget SenT m d SRicesaliesx e s mr
trval proti napaden2léintihd®dpul dad! er BENi 1h
termity podl e EN riglt8y. ktorfoemandenn® ozget SenT ch
st 8rnut 2, RplcEdon & R. la®@ipesby |l y mal ®, pouze 1, 4
%.

Visledky jasnhD naznaluj2, ¢ge kofein je &
naps§. k referen|ln2mu Bocheoniatuel QB, nlat ed§
obsahuj2c2 kyselinu bor imonum chioridaKofgirybdylb e n z y |
citlivl na vyplavovgn? ze dSeva vodou i
ochrann® vrstvy.

Na z8kladhR dosagenlich visledkT jumkomogn®
ekologickou alternativu ochrany dSeva, al
st Sechou proti napaden? termity a tak® pr
g8dnl negativn?2 dopad na pevnost v tlaku

zl epgil opeswmSdlem2dTl egit® pro pS2padn® n§sl
lepidel.

Zpracovsg§no na zIB%29a(20B0)veWdSh ku s

Gl M3 NKOV,C, RKIL. NPRECHT, L., NCBnLKOVC, J.,
BORSVKA, V., ... & PCN PdfspectMe natGr@ Biczide)for Caf f €
wood protection against decaying fungi and termites. Journal of Cleaner
Production, 304, 127110.
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The aim of this study was to test caffeine — harmless to health and eco-friendly natural compound — as a
potentially effective fungicide and insecticide for wood protection. Caffeine treatment of wood, using
simple and cheap long-term dipping technology, was tested against the brown-rot fungus Rhodonia
placenta and termite Reticulitermes flavipes. Fungi and insects can cause severe loss of functionality of
wooden structures. The current search for of nature-friendly products is understandable in the context of
the changing world environment. The experiment with caffeine-treated refractory Norway spruce (Picea
abies) wood lasted for 16 weeks against the rot attack according to EN 113, and for 6 weeks against the
termite attack according to EN 118. Mass losses of caffeine treated wood samples without ageing, caused
by R. placenta and R. flavipes were small, only 1.4% or 0.5%, respectively. Results clearly suggested that
caffeine is an alternative to commercial biocides, e.g., to the reference in wood well fixable Bochemit QB,
containing boric acid and alkylbenzyldimethylammonium chloride. Caffeine was sensitive for leaching
out from wood by water even in the presence of an additional hydrophobic protective layer. Based on the
achieved results it is possible to recommend caffeine treatment as an environmentally friendly alter-
native for wood protection, but only in the interior or outdoor under roof area against termite attack and
also against brown-rot fungi. Treatment with caffeine had no negative impact on the compression
strength and colour of the spruce wood, while it improved surface wetting important for potentially
follow-up coating or adhesive applications.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Our planet is in danger for many reasons, including the material

wood-decaying fungi and moulds, but also against insect pests
(Reinprecht 2016). Another advantage can be easy penetrability of
the active substances into the wood, without special technological

treatments that play a prominent role due to copious amounts of
additives used annually. Increasing requirements on the ecological
and health safety of biocidal wood protection, improved the
importance of eco-friendly alternatives to the artificial agents (Hill
2006; Sing and Singh 2012; Sandberg 2016). Novel bio-friendly
formulations are expected to be highly efficient not only against
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com (T. Liskovd), sobotnik@ftz.czucz (J. Sobotnik), panckmilos@fld.czu.cz
(M. Panek).
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equipment (Tarmian et al., 2020). Wood is one of the few materials
that simultaneously meets the requirements for sufficient strength,
flexibility, machinability, low cost, availability, aesthetic value and
resource renewability. In the context of a changing world envi-
ronment, it should also be supported for long-term carbon storage.
Softwoods are often used in architecture for supporting structures,
but also for facade cladding, window frames, doors, terraces, gar-
den structures and fences (Feirer and Hutchings 1986; Coulson
2012). The disadvantage of wood is its degradability by biotic and
abiotic influences (Hill 2006; Reinprecht 2016). In terms of abiotic
influences, fire causes the greatest and fastest destruction, but
weathering of wood is most common and ubiquitous (Feist 1990).
However, atmospheric degradation mainly causes a decrease in its

0959-6526/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Abbreviations
CA Contact angle
CSN Czech technical standard

D65 Average daylight from the northern sky
d/8 Diffused lighting/8° observe angle

4am Mass loss

EN European technical standard

HSD Honestly significant difference

LC Liquid chromatography

LxTxR LongitudinalxTangentialxRadial directions
MC Moisture content of the wood

MRM Multiple reaction monitoring

MS Mass spectrometry

ORWK Owens-Wendt-Rabel-Kaelble’s method
QAC alkylbenzyldimethylammonium chloride
p-value  Probability of obtaining test results

SD Standard deviation

R? Coefficient of determination

SEM Scanning electron microscope

SFE Surface free energy

SCl Specular component included

TUV Total ultraviolet radiation

w weight

aesthetic value, as the material degrades only to a depth of a few
millimetres and the mechanical functionality of the elements is
maintained for a long time (Kataoka et al., 2007). Adversely, bio-
degradation by wood-decaying fungi and insects can disrupt the
mechanical functionality of wood over a relatively short period of
time (Hickin 1963; Schmidt 2006). Some fungi enzymatically
decompose ligno-polysaccharides, the most common biopolymer
on the Earth (Ulyshen and Sobotnik 2018), while insects bore
extensive holes in wood and other biopolymers. Impregnation with
biocides can prevent bio-degradation of less durable (EN 350,
2016), cheaper and therefore more frequently used wood species.
Various types of chemicals based on borate salts, salt mixtures of
chromium, copper or others, organometals, triazoles, carbamates,
creosote oil and others are still used (Reinprecht 2016; Sandberg
2016). Industrial options are to protect wood by thermal modifi-
cation or chemical modification — usually by acetylation and fur-
furylation (Hill 2006; Mantanis 2017). Currently, there is a growing
emphasis on more environmentally-friendly biocidal protection
procedures using natural substances, in particular plant secondary
metabolites. Essential oils, organic acids, extractives from more
durable types of wood, chilli, etc., belong to more-frequently used
protecting agents in more research works (Kartal et al., 2006; Singh
and Singh 2012; Panek et al., 2014; Bahmani et al., 2016; Brocco
et al., 2017; Bahmani and Schmidt 2018). But their fixation into
wood structure in is limited and in wet environment can be leached
out (Singh and Singh 2012). On the other hand, substances based on
methylxanthines contained in tea (Camellia sinensis), coffee (Coffea
arabica), cocoa (Theobroma cacao), Kola-nuts (Cola nitida) and Yerba
mate (llex paraguariensis) have interesting and highly desired
properties (Lowor 2008; Arrora et al., 2009; Pelaez et al., 2016).
Caffeine inhibits the growth of moulds, brown-rot, white-rot and
soft-rot wood-decaying fungi, including the well-known moulds
Aspergillus niger, Penicillium cyclopium or Trichoderma viride, and
rot-fungi Coniophora puteana, Rhodonia placenta, Gloeophyllum
trabeum or Trametes versicolor (Arrora et al., 1997; Lekounougou
et al., 2007; Kwasniewska-Sip et al., 2018, Barbero-Lopéz et al.,
2018). The positive effect of caffeine was successfully shown in
combination with thermal treatment of wood (Kwasniewska-Sip
et al, 2019), hydrophobization by organosilanes (Broda et al.,
2018; Ratajczak et al.,, 2018) or combined with fungicide propico-
nazole, which increased its efficacy against fungal attack
(Lekounougou et al., 2008).

The protection of plants with caffeine against agricultural pests
belongs to the hot topics in the applied science (Khoshraftar et al.,
2019; Klein et al., 2020), however, effect of caffeine against termites
or other wood-boring insects has not been studied in so far (Arrora
etal., 2009; Ratajczak et al., 2018; Kwasniewska-Sip et al., 2019). At
the same time, some essential oils or kesambi smoke protection
demonstrated efficacy against termites (Kartal et al.,, 2006; Hadi
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et al.,, 2020). Termites are known for their voracious habits (Evans
et al,, 2013; Su 2019), and can damage a broad spectrum of plant-
originated substrates including wood in interiors (Amusant et al,,
2009; Mubarok et al., 2020).

Spruce wood has a good strength-to-density ratio and it is often
used for structural purposes (Pozgaj et al., 1993). At the same time,
spruce wood is difficult to impregnate (Lehringer et al., 2009;
Reinprecht 2016; Tarmian et al., 2020, EN 350, 2016), has little
natural durability and the current environmental concerns call for
improved techniques of wood protection.

Objective of this study was to test the wood-protection potential
of eco-friendly natural compound — caffeine — as fungicide and
insecticide. Model testing organisms used were the brown-rot
fungus Rhodonia placenta and termite Reticulitermes flavipes. Two
hypotheses were tested (i) that simple dipping technology will be
effective for refractory spruce mature-wood protection, and that (ii)
the important properties of treated wood will not be negatively
affected by caffeine.

2. Material and methods
2.1. Wood, treatment agents and processes

Timber of Norway spruce (Picea abies L. Karst.) mature-wood
was cut into samples with a mean oven-dry density of
411 kg m 3. For dimensions and number of repetitions see 2.4. —
2.8. section. Samples were conditioned to an equilibrium moisture
content (MC) of 12% + 1% at 20 °C and 65% relative air humidity.
Selected samples were submitted to determine the biological
resistance compressive strength, chemical liquid chromatography/
mass spectrometry (LC/MS) analyses before, during and after the
testing period, to measure the colour changes, surface wetting and
surface free energy. “Caffeine” (Fichema s.r.o. Brno, Czech Republic)
was diluted into a 2% water solution. The effect of caffeine was
compared to effect of 20% water solution of “Bochemit QB Hobby”
(Bochemie Wood Care, s.r.o. Bohumin, Czech Republic; active in-
gredients: boric acid (20% of w/w) and alkylbenzyldimethy-
lammonium chloride (QAC) (20% of w/w) with 2-aminoethanol as
additive (<9.5% of w/w). Samples were dipped for 8 h at room
temperature and atmospheric pressure. Untreated spruce samples
were used as controls (samples set U). Half of all tested samples
(untreated and treated with biocides) were subsequently treated
with “Mixed hydrophobicer” with water repellent function, con-
sisting of 6% water dispersion of three hydrophobic agents (2% of
Lukofob DxL (Lucebni zavody a.s. Kolin, Czech republic; silane-
siloxane emulsion in water), 2% Horsemen Stonecare (HORSE-
MEN, Belgium; wax emulsion diluted in water without solvents)
and 2% Horsemen concrete (HORSEMEN, Belgium; wax emulsion
diluted in water with microscopic glass particles). Samples were
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dipped for 6 h. The treated spruce sample sets are marked H for
additional hydrophobic treatment, and by O without it. Marking of
samples sets, retentions of used solutions and active substances are
givenin Table 1. After treatment, the samples were reconditioned to
a moisture of 12% + 1% MC. One group of samples (1st Group) was
selected without any following aging procedure.

2.2. Accelerated weathering in Xenotest and leaching according to
EN 84

The second group of spruce samples (2nd Group) was subjected
to artificial accelerated weathering in Xenotest (Q-Lab, Cleveland,
OH, USA) based on a modified EN 927-6 (2018), where the
following parameters were set: total exposure time 320 h (2.5 h
irradiation and 0.5 h of spraying in the dark in one cycle); the set
radiation intensity of 55 W m~2 (TUV was between 300 and
400 nm); temperature on black panel of 70 °C; air temperature of
45 °C, relative air humidity of 30%; the total energy of the radiation
that fell on the test specimens of 13,210 k] m 2. A leaching pro-
cedure was applied to the third group of spruce samples (3rd
Group) on the basis of EN 84 (1997). For 14 d, the specimens were
placed in suitable containers, in which the water was first changed
2 times each day and, after the third day, it was changed every
1-3 d, for a total of 9 times during the procedure. Samples without
ageing, artificially weathered in Xenotest and leached in water
were exposed to bio-resistance tests. Spruce samples treated with
caffeine and reference untreated samples were used to determine
compressive strength, colour changes, surface wetting and surface
free energy. Extraction LC/MS analyses were done on caffeine
treated samples with and without hydrophobic treatment and
without or after both aging procedures.

2.3. Estimation of resistance against the brown-rot fungus
Rhodonia placenta and the termite Reticulitermes flavipes

Samples (see Table 1) (50 x 25 x 15 mm (LxTxR) were tested
against the decay fungus Rhodonia placenta (Fr.) Niemel”, K.H. Larss
& Schigel, strain FPRL 280 from Building Research Establishment,
Garston - Watford - Herst, UK) according to EN 113 (1996) for 16
weeks in 1 L Kolle flasks. Degradation activity of R. placenta was
confirmed using reference samples of Scots pine sapwood (Pinus
sylvestris L.) (REF-P). Four samples per each treatment and aging
procedure were tested. Attack by Reticulitermes flavipes (Kollar) was
based on EN 118 (2013) simulated by adding the samples
(50 x 15 x 10 mm (LXTxR) to Petri dishes (90 mm in diameter) with
100 g of sand, 50 mL of distilled water and 100 termite workers.
Appropriate amount of humidity was kept during the 6-week
experiment, in dark, at day temperature +30 °C and +20 °C at
night (same for stock colonies). Dimensions of samples were
smaller in comparison with the standard EN 118 (2013) for termite

Table 1
Treatments applied to spruce tested samples.
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resistance tests, due to more sensitive evaluation of mass loss.
Survival termite was established by weighing the whole termite
group (starting at 200 workers) before and after the test in each
Petri dish. Six samples per treatment and aging procedure were
used. In both cases, the mass losses (4m) of tested samples were
determined in accordance with EN 113 (1996) and EN 118 (2013)
after the tests and expressed in %.

24. Chemical liquid chromatography/mass spectrometry (LC/MS),
microscopic (SEM) and elemental composition analyses

Caffeine concentrations were measured in three surface wooden
layers prepared from samples with dimension of 50 x 25 x 15 mm
(depth of layer from the surface 0.0—0.5 mm; depth of 0.5—1 mm;
depth of 1.0—1.5 mm). Layers were cut using microtome and middle
part of tested samples from each layer with dimensions
25 x 15 x 0.5 mm (LxTxR) were analysed by Agilent 1260 Infinity II
liquid chromatograph combined with Triple Quadrupole mass
detection set to multiple reaction monitoring (MRM) regime in
positive polarity mode. The separation was performed on a Zorbax
Eclipse Plus C18 (3 x 50 mm, 1.8 pm) column using methanol and
water (acidified using formic acid 0.1:99.9, v/v) as the mobile phase
in the following time sequence: 0—5 min 95% water, 5% methanol
with 0.4 mL/min flow, 5—5.50 min 100% methanol with 0.4 mL/min
flow, 5.50—5.60 min 100% methanol with 0.5 mLmin-1 flow and
5.6—7.6 min 95% water, 5% methanol with 0.5 mL.min-1 flow.
Totally four samples per each type of analysed treatment (U-O, C-O,
C-H — see Table 1, without and after two kinds of ageing proced-
ures) were used. The selected surface section of the caffeine treated
spruce samples and other treatments and their controls were
examined using a MIRA 3 scanning electron microscope (Tescan
Orsay Holding, Brno, Czech Republic). The elemental compositions
of the observed section were examined by an energy dispersive
spectroscopy system (Bruker XFlash X-ray detector, Karlsruhe,
Germany, and ESPRIT 2 software).

2.5. Measurements of wood surface changes - colour, wetting by
water and surface free energy, compressive strength and statistical
evaluation

The colour parameters (Stearns, 1986) of the spruce samples
were measured before and after caffeine treatment using a CM-
600d Spectrophotometer (Konica Minolta, Osaka, Japan) set to an
observation angle of 10°, d/8 geometry, D65 light source, and the
SCI method. Six repetitions were measured per sample type (totally
on 8 samples with dimensions of 50 x 25 x 15 mm) in each series.
The colour difference according to the Euclidean distance AE*
(Stearns, 1986) was calculated using measured L*, a*, b* co-
ordinates and equation (1):

Set of samples Wood species ~Caffeine - Retention (kg.m™3)

Bochemit QB - Retention (kg.m™>)

Hydrophobicer retention® (kg.m™>)

Solution retention Caffeine retention

Solution retention

Boric acid retention QAC retention

REF-P Pine - - -
u-0 Spruce — - -
U-H Spruce - - -
c-0 Spruce 118 (+21) 2.36 (£0.42) -
C-H Spruce 118 (+21) 2.36 (£0.42) -
B-0 Spruce - - 119 (+18)
B-H Spruce — - 119 (+18)

117 (+20)
= 121 (£19)
476 (+0.72) -

476 (+0.72) 119 (+21)

476 (+0.72)
4,76 (+0.72)

¢ Note: Retention of the 6% “hydrophobicer” is given only. Commercial products defined in 2.2. section were used. REF-P was used only as reference required by EN 113. REF-
P (Pine sapwood), U — Untreated spruce, C — Caffeine in spruce, B — Biocide Bochemit QB in spruce, O — Without hydrophobic paint, H — With hydrophobic paint.
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AE* = \/AL#2 + da¥? 4 4b¥2 (1)

where AL*, Aa*, and Ab* are relative changes in colour after
caffeine treatment; L* is lightness from 0 (black) to 100 (white), a*
is chromaticity coordinate + (red) or — (green), and b* is chroma-
ticity coordinate + (yellow) or — (blue).

The surface free energy (SFE) and contact angle of water
(CAyater”) before and after caffeine treatment were evaluated using
a Kriiss DSA 30E goniometer (Kriiss, Hamburg, Germany) with
Kriiss software (Kriiss, Hamburg, Germany) and an ORWK model for
determination of SFE in mN.m 2. The sessile drop method with a
dosing volume of 5 pL was used in all cases, and the measurements
were performed 5 s after the deposition (according to Petric and
Owen 2015). Distilled water was used as the polar liquid and
diiodomethane as the non-polar liquid for SFE evaluation. Ten
repetitions were measured per sample type (totally on 5 samples
with dimensions of 50 x 25 x 15 mm) across all treatments (SFE,
CAwarer’)- The longitudinal compressive strength in the oven dry
state was tested on samples U-O and C-O (see Table 1) in accor-
dance to the standards CSN 49 0101 (1980), CSN 49 0108 (1993) and
CSN 49 0110 (1980) using 20 x 20 x 30 mm (RxTxL) samples.
Twenty samples for tested kinds of treatment were oven dried at
103 + 2 °C. The oven-dry density (by CSN 49 0108, 1993) of the
samples was U-O = 411 (+14) kg.m > (mean; SD) and C-O = 412
(+13) kg.m > (mean; SD). Samples for compressive strength were
conditioned at a relative air humidity of 65% + 5% and a tempera-
ture of 20 °C + 2 °C. The strength was determined using a Tira 50 kN
(Tira GmbH, Schalkau, Germany). STATISTICA software (StatSoft,
Palo Alto, CA, USA) was used to generate mean (Mean), standard
deviations (SD), Tukey HSD test at a 95% significance level and
linear regression analyses.

3. Results and discussion
3.1. Decay resistance

Results show that caffeine-treated wood had a higher resistance
to the wood-decay fungus Rhodonia placenta, however, a significant
improvement in resistance occurred only without exposure to
subsequent ageing (Table 2). The fungicidal activity was reduced
after leaching in distilled water according to EN 84 (1997), however,
partly also after accelerated artificial weathering in the Xenotest
(Table 2).

Caffeine in samples not subjected to accelerated ageing (Table 2)
revealed biocidal effect comparable to the commercial fungicide
(4m C-O = 1.40%, 4m B-O = 0.00%; p = 0.90 using the Tukey HSD
test). This result confirms the previous observation on a strong
biocidal potential of caffeine in a growth medium (Arrora et al.,
1997; Barbero-Lopéz et al., 2018), and also to protect wood

Table 2
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(Lekounougou et al., 2008; Broda et al., 2018; Kwasniewska-Sip
et al. 2018, 2019; Ratajczak et al.,, 2018). In opposite to our work,
the cited works studied only fungicidal effect: a) of tea leaves
(Arrora et al., 1997); b) of spent coffee ground extracts (Barberro-
Lopéz et al,, 2018) in growth media, or c) of caffeine protective ef-
fect on permeable wood species (EN 350, 2016: beech, Fagus syl-
vatica; pine sapwood, Pinus sylvestris) after their vacuum-pressure
impregnation (Broda et al.,, 2018; Kwasniewska-Sip et al. 2018,
2019; Ratajczak et al., 2018). Also, the caffeine treated samples were
still not tested after exposure in Xenotest using spraying of samples
by distilled water during artificial weathering, only other ageing
procedures were done (Broda et al., 2018; Ratajczak et al., 2018;
Kwasniewska-Sip et al, 2019). Results obtained in this work,
however the firsts showed applicability of the caffeine treatment
for spruce wood - known for extremely difficult impregnability
(Lehringer et al., 2009, EN 350, 2016) - using moreover a simple
dipping technology. Ratajczak et al. (2018) already used hydro-
phobic treatment with organosilanes, but in our work a mixture of
hydrophobic agents was tested (silane-siloxane emulsion, wax
emulsion diluted in water and microscopic glass particles). These
are characterized with a higher potential to produce deeper
penetration into the porous structure of the wood (in particular
waxes and silane-siloxanes emulsion) and also to protect the sur-
face of the wood samples (by waxes in combination with micro-
scopic glass particles). The SEM figure combined with elemental
composition analyses show distribution of silicone (Si) contained in
silane-siloxane emulsion and glass microparticles (Fig. 1).

We observed a similar synergistic effect between caffeine and
hydrophobic compounds as Ratajczak et al. (2018) and Broda et al.
(2018), although the overall variability was rather high in some
cases (Table 2). The mass losses (4m) were sometimes even higher
after hydrophobic treatment (see O vs. H in Table 2), but they were
not significantly different (p > 0.05). Poorer performance of our
approach in comparison with previous study Ratajczak et al. (2018)
and Broda et al. (2018) may be explained by lower impregnability of
spruce mature-wood compared to pine sapwood (EN 350, 2016),
and thus to a faster leaching of caffeine deposited only in surface
layer of treated spruce wood through the thin hydrophobic film.
Organosilanes and hydrophobizing nanoparticles alone do not
produce satisfactory fungicidal activity (Reinprecht et al,, 2013), it is
advisable to continue testing new combinations of hydrophobic
waxes, alkoxysilanes and nanoparticles or other final treatments.
Anti-moulding efficacy of caffeine on treated wood combined with
coating applications seems to be promising (Panek et al., 2020).

3.2. Termite resistance

Termites can damage wood applied also in interiors with rela-
tively low moisture content (Amusant et al., 2009; Mubarok et al.,
2020). This opens a new avenue of research using caffeine as the

Mass loss (4m) of the tested wood samples after 16 weeks of degradation by EN 113 with Rhodonia placenta. REF-P (Pine sapwood), U — Untreated spruce, C — Caffeine in
spruce, B — Bochemit QB biocide in spruce, O — Without hydrophobic paint, H — With hydrophobic paint.

Set of samples Reference Pine Spruce Spruce Spruce
Untreated - U Caffeine treated - C Bochemit treated — B
REF-P U-0 U-H C-0 C-H B-O B-H
Ageing type Loss of mass by R. placenta 4m (%)
Without ageing 19.99% (1.10) 12.37°(1.29) 11.46" (0.75) 1.40° (1.01) 2.65% (0.47) 0.00* 0.00"
Leaching by EN 84 - 9.42° (1.66) 11.31° (1.42) 14.85% (1.29) 10.52"(1.47) 0.01° (0.02) 1.26° (0.95)
Weathering in Xenotest - 15.14° (1.81) 9.33°(1.19) 3.10% (1.06) 4.13% (1.20) 0.08% (0.15) 0.00°

Note: Mean values are from 4 replicates; Numbers in parentheses are SD; Tukey HSD test at 95% significance level.
¢ Am statistically significantly different in comparison with untreated spruce samples after the same following hydrophobic (H) and ageing procedures.
Y Am statistically significantly higher in comparison with Bochemit QB treated spruce samples after the same following hydrophobic (H) and ageing procedures.
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Fig. 1. SEM micrograph of the surface layer of spruce heartwood treated with caffeine solution and a hydrophobic substance. The elemental composition analyses focused on Si
showed the presence of higher concentrations of silane-siloxane compounds in cell wall structure and glass micro-particles on the surface and lumen of tracheid.

protective agent of wood devoid of water leaching (also within
roofed structures defined as using classes 1 and 2 by EN 335
(2013)), which much reduces the treatment efficacy (Table 3,
Fig. 2). Average mass loss of caffeine treated spruce wood samples
(C-0) was 4m = 0.58% in comparison with untreated one (U-O)
achieved 4m = 3.36%. Result was not statistically significant at 95%
level using Tukey HSD test (Table 3), but p-value was relatively low
(p-value = 0.07). Our results show that the realised preservation is
comparable to the commercial biocide, but without the negative
environmental implications. Weight loss of the commercial fungi-
cide (B-O) showed virtually the same results (average 0.20%; p-
value for comparison between caffeine and standard fungicide
equals to 0.99; Table 3). Results given by mass losses were
confirmed by determination of termite worker survival (Table 3).

3.3. Quantification of the caffeine, changes of selected mechanical
and physical properties

Find the progress of caffeine leaching from the wood surface in
Table 4 - results were achieved using LC/MS analyses. Table 4 shows
that water leaching caused up to an order of magnitude decrease in
the concentration of caffeine in the wood. This corresponds to the
results of the mycological (Table 2) and termite resistance (Table 3)
tests. Weathering in Xenotest resulted into higher variability of
caffeine concentration, but on the other hand also lower reduction
of the caffeine contents in the wood blocks in comparison with
water leaching by EN 84 (1997), which also corresponds to lower
weight loss (Tables 2 and 3). The results showed, that treatment of
non-permeable spruce mature wood by dipping in caffeine solution
was sufficient for increased bio-resistance (Tables 2 and 3),
although the higher concentrations of caffeine occurred only in the
thin surface layer (Table 4). Weight losses caused by R. placenta

Table 3

(Fig. 3) and R. flavipes (Fig. 4) were regressed against caffeine
concentration in the surface layer of spruce wood before and after
ageing (Table 4). Our results show a high potential of caffeine to
inhibit the growth of wood-decaying fungi (R*> = 0.60), and to
prevent termites from feeding at such wood (R? = 0.74) (Figs. 3 and
4).

Dipping in caffeine to produce shallow penetration did not
reduce the longitudinal compressive strength of spruce wood. The
compressive strength of spruce wood after caffeine treatment (C-0)
and air conditioning was 44.1 MPa (SD = 4.0 MPa), while it was
43.5 MPa without caffeine treatment (U-O) (SD = 2.5 MPa), and
these differences are insignificant. Colour parameters of spruce
wood were unchanged after the caffeine dipping (C-0): compare
values L* = 84.2 (SD = 0.5), a* = 3.9 (SD = 0.2), b* = 22.0 (SD = 0.7)
with L* = 85.0 (SD = 0.6), a* = 3.5 (SD = 0.4), b* = 21.5 (SD = 0.5) for
the wood without any treatment. The external appearance of the
wood from the outside, expressed as 4E*, was less than 3 (Oltean
et al., 2008). Surface characteristics of the caffeine-treated spruce
wood improved significantly (Table 5), especially wetting with
water (CAwater”), as well as the surface free energy (SFE), which are
linked to an improved adhesion of coatings or glues (de Meier
2005; Pizzi and Mittal 2011).

Based on the effectiveness of caffeine against termites (see
Table 3) and other insects or animal pests (Nathason 1984;
Khoshraftar et al., 2019; Klein et al., 2020), we can predict its use-
fulness against other important wood-boring beetles, such as
Anobium punctatum or Hylotrupes bajulus. But, this assumption
must be tested and scientifically verified according to valid stan-
dards (for example according to EN 46 (2016) and EN 49 (2016)) in
the next steps. Dipping of spruce wood in aqueous caffeine solu-
tions effectively protected it against wood-decay fungi (Arrora
et al.,, 1997; Kwasniewska-Sip et al., 2018; Ratajczak et al., 2018,

Mass loss (4m) of the tested wood samples and survival of termites after 6 weeks of termite attack by EN 118. U — Untreated spruce, C — Caffeine in spruce, B — Bochemit QB

biocide in spruce, O — Without hydrophobic paint, H — With hydrophobic paint.

Set of samples Spruce Spruce Spruce

Untreated - U Caffeine treated - C Bochemit treated - B

U-0 U-H c-0 C-H B-O B-H
Ageing type Loss of mass by termites 4m (%)
Without ageing 336" (1.70) 3.91° (2.28) 0.53 (0.40) 1.87 (1.20) 0.20° (0.30) 0.00"
Leaching by EN 84 438" (1.41) 4.12" (1.80) 415" (1.98) 4.09 (1.59) 0.21° (0.26) 0.04" (0.11)
Weathering in Xenotest 2.21(1.16) 3.60" (2.42) 2.88 (1.60) 3.41 (2.05) 0.56 (0.55) 0.05" (0.12)
Ageing type Survival of termites (%)
Without ageing 38.74 (11.04) 35.80(11.65) 0.86 (2.12) 0.00 0.00 0.00
Leaching by EN 84 53.53 (5.41) 53.45(12.65) 49.19 (9.78) 48.46 (19.81) 0.00 0.00
Weathering in Xenotest 50.34 (11.30) 53.13 (14.80) 49.46 (18.10) 45.75(12.93) 0.00 0.00

Note: Mean values are from 6 replicates; Numbers in parentheses are SD; Tukey HSD test at 95% significance level.
4 Am statistically significantly different in comparison with untreated spruce samples after the same following hydrophobic (H) and ageing procedures.
> Am statistically significantly higher in comparison with Bochemit QB treated spruce samples after the same following hydrophobic (H) and ageing procedures.
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uU-0 U-H C-0 C-H B-0 B-H

without ageing

leaching by EN84

artificial weathering in Xenotest

Fig. 2. Photo of tested spruce wood samples after 6 weeks of termite exposure. U — Untreated spruce, C — Caffeine in spruce, B — Biocide Bochemit QB in spruce, O — Without
hydrophobic paint, H — With hydrophobic paint.

Table 4
Concentrations of caffeine (mg of caffeine/kg of spruce wood) in 3 layers of treated samples of the Norway spruce wood after different ageing procedures.
Kind of samples Depth of samples layer Ageing method
Without ageing Leaching by EN 84 Weathering in Xenotest
Untreated (U) 0.0-0.5 mm 0.00 0.00 0.00
0.5-1.0 mm 0.00 0.00 0.00
1.0-1.5 mm 0.00 0.00 0.00
Caffeine (C-0) 0.0-0.5 mm 8104.89 (477.50) 932.10 (85.66) 2478.57 (756.56)
0.5-1.0 mm 2900.04 (210.27) 1120.53 (197.08) 2209.16 (514.39)
1.0-1.5 mm 1488.20 (551.04) 851.67 (136.64) 853.17 (463.66)
Caffeine + Hydrophobic (C-H) 0.0-0.5 mm 9748.93 (503.38) 515.32 (67.22) 2469.98 (843.07)
0.5-1.0 mm 2380.27 (412.82) 652.75 (153.30) 306.41 (218.08)
1.0-1.5 mm 1327.69 (137.69) 666.68 (148.62) 238.54 (132.93)

Note: Values represent Mean values of caffeine concentration of caffeine in wood and standard deviations (in parentheses).
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Fig. 3. Linear regression between mass loss (4m in %) of spruce wood degraded by
R. placenta (U-O, C-O, C-H) and caffeine concentration in the surface layer of wood (see
also Table 4).

and Table 2), and against termites (Table 3), the most destructive
timber insects (Su 2019). Biocidal effectiveness of only thin pro-
tective layer (Tables 2—4) in refractory spruce heartwood showed
potential of dipping in caffeine solution also for protection of other
non-permeable and non-durable kinds of woods. Fungicidal effect
of caffeine have been attributed to alternation of the cell wall ar-
chitecture leading to an increases of B-glucans and chitin content
(Lekounougou et al., 2007) which leads to loss of structural
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Fig. 4. Linear regression between mass loss (4m in %) of spruce wood degraded by
R. flavipes (U-0, C-0, C-H), and caffeine concentration in the surface layer of wood (see
also Table 4).

integrity of the fungal cell wall (Kwasniewska-Sip et al., 2018). The
insecticidal effect was attributed by Nathason (1984) to inhibition
of phosphodiesterase activity and to an increase in intracellular
cyclic adenosine monophosphate. Based on work of Ohmura et al.
(2006), the authors assume that caffeine treated spruce wood
was not attractive for termites due to its bitter taste. Caffeine
treatment could be useful, especially for indoor timber (risk of in-
sects damage in some cases), for wooden construction under
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Table 5
Water contact angle (CA°) and surface free energy (SFE) of the Norway spruce wood without and with caffeine treatment.
CA° water SFE (mN.m2) Disperse Polar
Untreated spruce (U-O) 105.56 (16.41) 30.48 (7.45) 3047 (7.10) 0.01 (0.36)
Caffeine treated spruce (C-0) 83.37 (13.61) 4397 (9.42) 42.77 (5.96) 1.19(3.47)

roofing without full rain action, and decreases risk of bio-attack if
condensation occurs. Based on achieved results, authors argue for
its broader use. The outdoor caffeine applications should be
accompanied with additional wood protection with suitable hy-
drophobic layers or coatings (Broda et al., 2018; Ratajczak et al.,
2018; Panek et al., 2020). Based on our results, caffeine should be
considered as an affordable candidate to replace some commercial
fungicides and insecticides, organic or inorganic, that are often
severely detrimental for the environment (Lekounougou et al.,
2008; Reinprecht 2016; Sandberg 2016). Also, the way to strongly
bind caffeine to lignocellulose matrix of wood should be seriously
studied (Kwasniewska-Sip et al., 2021) for the sake of future
generations.

4. Conclusions and future prospects

The results of this work provide evidence of caffeine usefulness
for Norway spruce wood protection, as the 2% aqueous solution
applied by the simple technology of long-term dipping method
significantly increased the spruce wood resistance to the brown-rot
fungus Rhodonia placenta and the termite Reticulitermes flavipes,
both being the model organisms causing severe wood bio-
degradation. The caffeine treatment does not alter the longitudi-
nal compressive strength and colour of the spruce wood, and a
slightly increase in its wettability and surface free energy - ad-
vantageous for its certain additional treatments, mainly gluing and
finishing. The leaching of the caffeine-treated wood (mainly ac-
cording to EN 84) reduces the protection to the level of untreated
wood, and should thus be avoided. The hydrophobic treatments
used showed only a limited improvement to the caffeine-treated
wood durability, and additional research needed to optimise the
caffeine, in combination with other preservatives to maintain the
wood quality also in the outdoor conditions. Future prospects in the
use of caffeine as wood-protecting agent comprise additional
research on possibilities for binding of caffeine into wood chemical
matrix to prevent its leaching by water. Also, other natural products
with combined fungicide and insecticide properties should be
included in the future studies. In parallel, there is a strong need of
improved hydrophobic layers highly durable against weathering on
wood surfaces that will make caffeine and other eco-friendly pre-
servatives useful in protection of outdoor timber.
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Antifungal Activity of Methylxanthines Based on Their
Properties
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Robert Cerny *

Wood materials for construction purposes can be attacked by various
wood-destroying fungi. An ideal wood-preserving substance is supposed
to be environment- and health-friendly. For this reason, the effects of
the most relevant and non-toxic methylxanthines, such as caffeine and its
metabolites theobromine and theophylline, on fungal growth, together with
their degradability related to their properties were analyzed in this study.
Agar tests with four wood-destroying fungal species (Serpula lacrymans,
Coniophora puteana, Gleophyllum sepiarium, and Trametes versicolor)
were performed after 28 days of substance exposure. Caffeine exhibited
a 100% inhibitive effect on fungal growth, contrary to theobromine, which
was not effective in that respect. Theophylline exhibited variable effects
on the analyzed fungi. The analysis of degradability indicated the
persistence of caffeine and theobromine, but theophylline was degraded
up to 34%. The relation of toxicity to chemical structure of studied
methylxanthines indicated the dipole moment and lipophilicity as important
parameters affecting the antifungal properties. Both caffeine and
theophylline are suitable potential candidates for antifungal active
substances.

Keywords: Methylxanthines; Caffeine; Theobromine; Theophylline; Fungi; Antifungal effects
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INTRODUCTION

Wood building materials are often attacked by wood-destroying pests. Therefore,
various commercially available chemicals are commonly used for wood protection against
biodegradation. However, some of these chemicals have been banned presently, and the
production and use of some others will be discontinued in the near future.

Modern wood-preserving substances, to meet societal expectations, are supposed
to be environment- and health-friendly. A suitable alternative to the previously used
chemicals appears to be found in some natural extracts or individual substances with
biocidal effects produced by plants for their own protection against pests (Islam et al. 2012;
Singh and Singh 2012; Lee ef al. 2018). The use of such natural herbal metabolites in wood
preservation systems can reduce the amount of persistent artificial xenobiotics in the
environment, while the active substance affects just the target organisms.

Caffeine is a commonly studied biocidal substance (Arora and Ohlan 1997,
Lekounougou et al. 2007; Ashihara et al. 2008; Rahman et al. 2014). This type of
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