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ABSTRACT

Since ancient times, extracts and essential oils from plants “vegetal bio-
cides” have been used as antimicrobials in different fields. Using environ-
mentally friendly products is presented as a viable solution that shows
advantages from the environmental, economic and ecological standpoint
that reduced use of toxic chemicals and pollutants to the environment.
The aim of this paper is to present the studies that were used vegetal
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biocides for the control of microorganisms involved in biodeterioration
and that pollute the environment of archives and libraries, and cause hu-
man health problems. The “vegetal biocides” were obtained from various
plants harvested from natural habitat of La Plata, Argentina and Havana,
Cuba. The biocidal activity was studied using the agar diffusion method.
Vegetal biocides were analyzed by gas chromatography coupled to mass
spectroscopy (GC/MS). The antimicrobial activity is due to sesquiterpe-
nes, triterpenoids, flavonoids, sterol, phenols, i.a., and showed moderate
effectiveness and/or positive in most vegetal biocides tested.
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INTRODUCTION

Culturd heritageiscongtantly exposed to environ-
menta influence®2. Physica, chemica and biological
materialsinteract with promoting changesin structure
and composition. Alterations caused by biological fac-
torsare caled biodeterioration®. Theintensity of dete-
riorationisrdated to materid compogtion, environmen-
tal conditionsand associated microorganisms.

Biodeterioration affectsnot only aesthetic of theheri-
tage assets but also can produce the degradation of
them, causing material and economic | osses. For ex-
ample, thedocumentsin librariesand archiveshavethe
enormous responsibility of safeguarding the graphic
memory of the Nation for future generations, hencethe
importance of their protection and preservation. Onthe
other hand, many microorganismsin archivesand li-
braries cause damageto human hedth. Aspergillusspp.
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isoneof thefungi of clinical interest becauseit hasspe-
ciesthat are capable of causing alot of damagesto
people, suchas Typel dlergies (immediate hypersen-
gtivity or dlergicrhinitisfollowed by asthmaattacks),
sinusitis, otitis, keratitis and may lead to severe as-
pergillosig*,

Chemicdsthat havetraditionaly been used asanti-
microbia sto prevent biodeterioration of cultura heri-
tage, aregenerdly pollute the environment and affect
human hedlth and cause changesinthemateria inwhich
they are applied.

The application of environmentally friendly prod-
uctsfrom plants(extractsand essentid oils) inthe con-
trol of microorganismsinvolved in biodeterioration of
cultural heritageis presented asaviable solution that
shows advantages from the environmenta, economic
and ecological standpoint that reduced use of toxic
chemicadsand pollutantsto the environment. Theanti-
microbial activity isdueto the presence of phenolic
compounds, terpenes, aliphatic acohols, aldehydes,
ketones, i.a.l%". These compounds may act asinter-
mediary metabolism regulators, activate or block enzy-
matic reactionsdirectly affect enzymatic synthesisor
ater membranestructures.

Sinceancient timesantimicrobid activity of extracts
and essentia oilsof plantsare known and, in recent
years, therehasbeenrenewed interest of scientistsfrom
the use of these natural substances. However, among
the many studies, few mentiontheir useinthefield of
conservation of cultural property®?, Theaim of this
paper isto present the studiesthat used biocidesfrom
plants for control of microorganisms involved in
biodeterioration processes of materials library and
archive.

EXPERIMENTAL

Obtention of extractsand essential oilsfrom plants

Thefollowing plants harvested from their natural
habitat wereused: AlliumsativumL. (garlic), Arctium
lappa L. (burdock), Artemisia sp. (sagebrush),
Bacchariscrispa Pers(carquea), Camelliasinensis
(L.) Kuntze (teq), Centaurea cyanusL. (centaurea),
Cestrum nocturnum L. (lady of night), Cichorium
intybusL. (chicory), CitrussinensisOsbeck (orange),
Conyza bonariensis (L.) Cronquist (coniza), Euca-
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lyptus citriodora Hook (eucalyptus), llex
paraguayensisA-S. Hill (yerbamate), Laurusnobilis
L. (laurdl), Medicago sativa L. (afalfa), Mentha
piperital. (peppermint), MenthaarvensisL. (mint),
Neriumoleander L. (laurel rosa), Origanumx applii
(origanum), Origanum vulgare (origanum),
Petrosdinumcrispum(Mill.) Fuss(pergil), Pimpindla
anisumL. (anis), Pinuscaribaca Moreet (pine), Piper
nigrumL. (black pepper), Plantago major L. (Ilantén),
Syzygium aromaticum L. (clove), Thymus vulgaris
L. (thyme), Veerbena officinalisL. (vervain), Wedelia
glauca (Ortega) Hoffm (sunchillo). The selection of
these plantswas based in abibliographic search, ac-
cordingtotheir antimicrobial properties*-*2,

Plant materialsweredried in an oven stove at 60
°C during 24 h and stored at room temperature until
further processing. Dried plant material (aeria parts)
wasfinely ground with acrushing machine. Ethanolic
extractsof dried plantswith pure ethanol (Merck 99 %
of purity), and ethanol 70%-distilled water 30% were
obtained. Ten g of thismaterial wasplacedin 100 mL
of respectivesolventsduring 7 or 10 daysat room tem-
perature, keeping the extracts in the dark room and
gtirring them manualy 3timesaday. Theextractswere
filtered by double gauzeto €liminatethe heaviest mate-
rial and then filtered using Whatman filter paper N° 1
(Whatman, England). Theextractswere sterilized by
filtration through 0.45 pm Millipore membrane filter.
Theessentia oils(EO) were provided by the Food In-
dustry Research Ingtitute, Havana, Cuba. All wereex-
tracted by hydroditillation using Clevenger type appa
ratusfor 3h.

Analysisof extractsby gaschromatogr aphy—mass
spectrometry (GC-MS)

For GC/M SanaysisaPerkin Elmer Clarus 500/
560D equipped with amass sel ective detector Elite-
5MSfused silicacolumn (25mx 0.25mmx 0.25 um
filmthickness) wereemployed. The column tempera-
turewas programmed asfollows: 80°C hold 1 min, to
200°C at 10°C/min, then hold 10 min. Helium carrier
gaswas used at aflow rate of 0.8 mL/min, Split 10,
Runtime23 min. Solvent Delay 0a3 min, MS Scan 50
a400. Theinjector was maintained at 200°C. Sample
injection volumewas 1 puL withasplit ratio of 1:10.
Mass spectrawererecorded in theed ectron-impact (El)
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mode at 70 eV by 1.8 scang/s; the mass range used
wasm/z 35-400; ion source 180°C and Intel line tem-
perature were 250°C.

Compoundswerepreliminarily identified by com-
parison of mass spectrawith those of reference stan-
dardsin NIST, aswell asmass spectrafromthelitera-
ture.

Analysisof essential oilsby gaschromatogr aphy—
mass spectrometry (GC-MS)

For GC/MSandysisaHP 6890 Series|| equipped
with amass sel ective detector HP-5973N and aHP-
SMSfused silicacolumn (25mx 0.25mm x 0.25 um
film thickness) wereemployed. The column tempera-
turewas programmed asfollows. 70°C hold 2 min, to
230°C at 4°C/min, and then hold 10 min. Helium car-
rier gaswasused a aflow rateof 1 mL/min. Theinjec-
tor wasmaintained at 230°C. Sample injection volume
was 0.3 uL with a split ratio of 1:10. Mass spectra
wererecorded in theelectron-impact (El) modeat 70
eV by 1.8 scang/s; the mass range used was m/z 35-
400; ion source and connecting partstemperaturewere
230°C. Linear retention indices (RI) were calculated
using n-paraffin tandards.

Compoundswerepreliminarily identified by com-
parison of mass spectrawith those of reference stan-
dards (FLAVORLIB library) or thosein NIST, NBY
Wiley, aswell asmass spectrafromtheliterature, and
then theidentities of most were confirmed by compari-
son of their linear retentionindiceswith those of refer-
ence standards or with published data*?!.

Quantitative anaysiswasmadeby the normaliza-
tion method from the e ectronicintegration of the TIC
peak areaswithout the use of correction factors.

| solation and identification of microorganisms

Theexperimentswere carried out with fungal and
bacterid sransisolated from different documentary sup-
portsand indoor environments of repositoriesof the
National Archive of Republic of Cuba(NARC) and
Higorica Archiveof theMuseumof LaPlaa(HAMLP),
andArchiveof Historical and Cartographic Research
Department from the Geodesy Direction of Ministry of
Public Works of BuenosAires Province (AHCRD),
both of Argentind?4. The bacterid strainsused were:
Bacillus polimixa, Bacillus cereus, Bacillus
thuringiensis, Bacillus sp.1, Bacillus sp.2,
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Enterobacter agglomerans, Sreptomyces sp., and
Saphylococcus sp. Thefungal strainswere Aspergil-
lus niger, Aspergillus clavatus, Penicillium sp.,
Fusariumsp. They were maintained on malt extract
agar (MEA) dantsand the bacterial specieshad been
mainta ned on nutrient agar (NA) dants.

Sampling procedures
Biofilms

Biofilmswereremoved from the surfaceof differ-
ent materid s, such aspaper, silk mapsand photographs
depositedintheArchives, using acotton swab. Samples
wereimmediately placed into sterile plastic vessel g%
and taken to thelaboratory. Swabswere homogeni zed
in sterilephysiologic solution and aiquotswere seeded
in adequate culture media*®. Petri disheswereincu-
bated at 28 + 2 °C during 48 - 72 h for bacteria and
oneweek for fungi.

Airbornemicrobiological sampling

Theair sampleswere collected from two reposito-
ries using an impactation slot biocolector (slot 11, 30
L.min%). Thebiocolector wasplaced at 1.5 m of height,
following adiagond sampling design. Petri disheswith
NA wereused for bacteriaisolation and MEA for fun-
gd growth.

Antimicrobial activity assay

Theantimicrobial activity of the EO and extracts
were evaluated by hole-plate diffusion methodg 017,
Suspensionsof thebacterid strainsused were adjusted
to tube 3 of the M cFarland scale and the Petri dishes
with NA wereinoculated with afina concentration of
108 CFU/mL,

For thefungi, suspensionsof conidiawereadjusted
using aNeubauer’s chamber to 106 conidia/mL"® and
the Petri disheswith MEA wereinoculated with afina
concentration of 10* conidia/mL™.

Culturemedia(NA or MEA) wereadded in Petri
dishesuptoheight of 4 mm. Six holesof 5mm of diam-
eter (d) weremadeequidistant, and 10 uLL of each EO
pureor dissolved in ethanol (70%) at different concen-
trations, and diverse extractswere added.

Ethanol a 70%, gentamycin sul phate at 40 mg/mL
(Medical-pharmaceutical Industry, Cuba) and
miconazoleat 10 mg/mL (Medica-pharmaceutica In-
dustry, Cuba) were used as controls. Each experiment
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wasdoneintriplicate.

Petri disheswereincubated at 28+ 2°C for 24 h to
72 hfor bacteriaand during 5 daysfor fungal strains.
Thediameter of theinhibition zonewas measured and
it was not included of 5 mm of the holes. The estab-
lished rangeto determine susceptibility to EO and ex-
tractswasevaluated according to the diameter (d) of
inhibition zone: d< 6 mmisindicativeof negativeactiv-
ity; d = 6—9 mm indicates a moderate activity; d > 9

mmindicatesapositiveactivity!”.

RESULTS& DISCUSSION

The activity of the EO and plant extracts varied
depending onthemicroorganismtested (TABLES, 2
and 3). Intheliterature has been indicated that the an-
timicrobial activity of the EO and plant extractsisdue
to different secondary metabolites present inthem, in-
cluding: triterpenoids, flavonoids, phenols, akaloids,
coumarins, tanninsand steroids?*24, Someof themare
present inthebiocidal productsevauated (TABLE 4)

TABLE 1: Activity of hydroalcoholic extractsfrom plantsagaing biodeteriogen bacteria. Diameter of inhibition zone (mm)

at 24h.
Microor ganisms
Plants - — - -
Bacilluscereus B.thuringiensis Bacillussp.1 Bacillussp. 2 Staphylococcus sp.
. 70% 7 2/10* 0
Arctium lappalL.
99% 16 2/8* 12*
. 70% 14 15 0
Arctium sp.
99% 6 11 0
Artemisia sp.(leaves) 70% 20
Artemisia sp.(flowers) 70% 14
S 70% 3
Baccharis crispa Pers
99% 4
Camelliasinensis (L.) Kuntze 70% 8 4
70% 0 0/5* 0
Centaurea cyanus L
99% 8 2/8* 12*
Cestrum nocturnum L. 99% 0 0
. . 70% 0 10*
Cichoriumintybus L.
99% 6 0
. ) 70% 2 3 0
Conyza bonariensis (L.)Cronquist
99% 0 3 0
Cymbopogon citratus DC 0% 2
Pod 99% 3
Eucalyptus citriodora tincture 15 9
Ilex paraguayensis 70% 2 4 0
paraguey 99% 2 2 0
) . 70% 0 2
Medicago sativa L.
99% 0 0
. 70% 5 10
Nerium oleander L.
99% 0 0
70% 2
Petroselinum crispum (Mill.) )
99% 0
Pinnus caribaca Morel et 99% 13 6
Plantago major L 70% 0 0
agomaort 99% 0 6*
Verbenaofficinalis L. 99% 2 2
Wedelia glauca (Ortega) Hoffm 70% 22

* Bacteriostatic activity
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andtheeffect onthemicrobia strainstested isattribut-
ableto them. Some of the studied products produced
spotsonthe papers (TABLEDS).

Positiveactivity withthehydroa coholic extracts of
Arctiumlappal. (99 %) Arctiumsp. (70 and 99 %),
Eucalyptuscitriodora Hook, Pinuscaribaea Morelet
and Wedelia glauca (Ortega) Hoffm (70 %) was ob-
tained with some of the bacterial strains analyzed
(TABLE1). Theantimicrobial effect of Arctiumsp. is
attributed toasesquiterpeniclactonepresentintheaerid
partsof thisplant'?. Arctin and arctigenin, major con-
stituentsof thefruit of ArctiumlappalL., exhibit vari-
oushiologicd activitiesand alargenumber of pharma-
cological properties®! Eucalyptus citriodora Hook
and Pinnuscaribaea Morelet areplantsused in tradi-
tiond medicinefor their antibacterid and antifungd ac-
tivity™4. Antimicrobid activity of Eucalyptussp. isdue
to the presence of tannins, terpenesand eucayptol in
their leaves. Studiesusing Eucalyptuscitriodora Hook
and Pinnus caribaea Morelet to prevent
bi odeterioration of papersexposed to artificial aging,

—=> [y|| Paper

showed no change in the appearance of them, asthe
acidity of the paperswasunchanged®!.

For somebacteria strainshydroal coholic extracts
of Arctiumlappal., Centaurea cyanusL. Cichorium
intibus L. and Plantago major L. presented bacte-
riostatic activity (TABLE 1).

EO had a positive activity in most of the strains
tested (TABLE 2). Theantibacterial activity of Allium
sativumL. washighly variableamong Gram-positive
bacteria. Against Bacillusthuringiensi s was moder-
ate and positive against Bacillus polymyxa. Thisvari-
ability may be dueto the resistance they have sporu-
lated bacterid?®. Bacillus spp. isabacterium that can
degrade awiderange of substratesgiven their physi-
ologica characteristics?’. Furthermore, it hasbeenre-
ported that during the manufacturing process of the
photographic paper, the genus Bacilluswhich can con-
taminatethegelatinethat is part of emulsion'®. Most
species produce endosporesthat arehighly resistant to
extremeenvironmenta conditions, antibiotics, dignfec-
tantsand other chemicals.

TABLE 2: Activity of esential oils(EO) againgt biodeteriogen bacteria. Diameter of inhibition zone (mm) at 24 h.

Micr oor ganisms

Plants EO T
B.cereus B.thuringiensis

Bacillus Bacillus Staphylococcus Bacillus Enterobacter Streptomyces

sp. 1 sp. 2 Sp. polymyxa agglomerans sp.
Allium sativum L. pure 4 8 0 > 30 > 30 >30
25% 0 7 10 11 > 30 >30
Arctium lappalL. pure 7 8
Citrus sinensis Osbeck Pure 0 0 10 5 >30
25% 0 3 10 4 2 8
Laurus nobilisL. pure 6 8
25% 0 0 7 4 2 2
Mentha peperitalL. pure 4
Mentha arvensisL. pure 6
Origanum vulgare L. pure 18 17 11 15 17
25%  >30 >30 10 10 10 11
Origanum x applii pure 13
Pimpinelaanisum L. pure 0 0 0 5 6 6
25% 0 7 0 5 6 7
Piper auritum Kunth 5% 7 10*
10% 10 10*
Piper nigrum L. pure 2 2 0
Syzygium aromaticum L.  pure 10 8 10 10
25% 18 24 7 10 6 12
Thymus vulgarisL. pure 18 14 28 12
70% 40 14
ethanol 70% 0 0 0 0 0 0 0 0
Controls - Gentamycin  40mg/ 21 17 20 26 2
sulphate mL

* Bacteriostatic activity
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Activity of garlic EO against Enterobacter
aglomerans and Sreptomyces sp. was positive. Ac-
tionislikely to bedueto allicin and gjoene?”, which
aresubstancesthat inhibit theactivity of sulphydricen-
zymes(choline esterase, urease, dehydrogenasetriph-
osphate, i.a.) and not sulphydric (lactate dehydroge-
nase, akaline phosphatase) of the microorganisms?,
but these compoundswere not detected and it ispos-
sblethat antifungd activity isdueto theexpenseof the
sulfides present inthe EO. Theantifungal activity was
aso strongly positive.

Theantimicrobid activity of PimpinelaanisumL.
EOwasnegdtiveagang Bacillusspeciestested (TABLE
2) and showed only moderate activity in the case of
Enterobacter agglomeransand Sreptomycessp. The
latter kind isconsdered since 1988 one of themost im-
portant with regard to occupational hazardd™.

Similar resultswereobtained by Kivang and Akgiil
(1986)=4, and Chaudry and Tariq (2006)2. The prin-
cipa compounds areanise and anethol anisaldehyde
which possessamphiphilic propertiesthat would inter-
ferewith the cytoplasmic membrane, proteins, lipids
and other vital compoundsfor thebacterid cell.

The EO of PimpinellaanisumL. showed aposi-
tive and significant activity against al fungi tested
(TABLE 3) similarly to that reported by Alpsoy
(2010)=1,

For OriganumwvulgareL. EO (TABLE 2), there
werenosgnificant differencesbetween srainsof Gram-
positiveand Gram-negative anayzed. It could be due
to the presence of thymol, which can act on cell mem-
branes™. However, for fungi waseffectiveand inhib-
ited also theformation of conidiaof all strainstested
(TABLE3).

TABLE 3: Activity of esential 0ils(EO) against biodeteriogen fungi. Diameter of inhibition zone(mm) at 5 days.

EO Ethanol concentration  Aspergillusniger  Aspergilluscavatus  Penicillium sp.  Fusarium sp.
50% > 40 > 40 > 40 > 40
Allium sativum L. 25% > 40 > 40 > 40 > 40
7.5% > 40 > 40 > 40 > 40
50% IS IS IS IS
Citrus sinensis Osbeck 25% IS IS IS IS
7.5% IS IS IS IS
50% 20* 25* 30* 25*
Origanumvulgare L. 25% 15* 15* 15* 15*
7.5% 5 8 9 9
50% > 40 > 40 > 40 > 40
Pimpinellaanisum L. 25% > 40 > 40 > 40 > 40
7.5% > 40 > 40 > 40 > 40
50% 15* 13* 15* 20*
Syzygium aromaticum 25% 15* T* 6* 15*
7.5% 4 6 5 8

IS: inhibit sporulation; *: Indicates that also inhibit sporulation

Theantibacteriad and antifungd activity of Syzygium
aromaticumL. EOwasvariable. Most Gram-positive
bacteriawere sensitiveto thisEO. With regard tothe
fungi, wasabletoinhibit both growth and sporulation at
aconcentration of 50% and had asignificant effective-
nessfor A. niger and Fusariumsp. even at aconcen-
tration of 25%. Similar resultswerereported by other
authorsfor documentary heritage conservation®. The
antimicrobia activity of clove EOisattributed to eu-
genol (2-methoxy-4-allyl phenal). Clove EO contains
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high eugenal content (> 70%). Itisanantimicrobia com-
pound having wide spectrd®. Laurel EO showed anti-
bacterial and antifungd activity tolow activity contrary
to thereport of Alpsoy (2010), Aspergillusspp. is
oneof thefungi of clinical interest, becauseit has spe-
ciesthat are capable of causing alot of damagesto
people, suchas Typel dlergies (immediate hypersen-
gitivity or dlergicrhinitisfollowed by asthmaattacks),
gnugtis, otitis keratitisand canlead to severeaspergillo-
sg4dl,
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TheEO of ThymuswvulgarisL. showed apositive activity against strainsof Bacillusspp. tested.

TABLE 4: Main compoundsof EO and plant extractsby GC-M S.

EO

Main compounds

Allium sativum L.

Citrus sinensis Osbeck
Laurus nobilisL.
Menthaarvensis
Mentha piperita
Pimpinelaanisum L.
Piper nigrum L.
Origanumvulgare L.

Origanum x applii
TymusvulgaisL.
Syzygium aromaticum L.

Ajoene, di-2-propenyl disulfide, sulfoxide, di-2-propenyl trisulfide, methyl 2-propenyl trisulfide,
di-2-propenyl sylph, methyl 2-propenyl disulfide, methyl 2-propenyl sylph,dimethyl trisulfide
Limonene, cineol, a-pinene, citrd, citronellol

Linalool, cineole, eugenol, sabinene, methyl eugenol, B-pinene, a- terpineol, B-caryophyllene

Limonene, terpenes
Limonene, terpenes

Anethole, methyl chavicol, methyl eugenal, lindool, acetanisole

Terpenes

Trans-B-cariofilen, 2-metil-5-1-metiletil fenol, Thymal, cis-B-terpineol, terpinen-4-ol, y-
terpinene,a-terpinene, p-cymene, sabine, and carvacrol

Thymol, carvacrol

Terpenes, esters, carvacrol, terpenoids
Eugenal, limonene, eugenyl acetate, methyl or methyl-hidroxibenzoate, anethole

Extracts

Arctium lappalL.
Artemisiasp.
Camelliasinensis (L.)Kuntze

Centaurea cyanus L
Conyza bonariensis
(L.)Cronquist

Nerium oleander L.

Verbenaofficinalis L.

citronellyl acetate, ketone, arctin

Terpenes
Sulphurous, terpene

I-docaseno, cetona, (-)-trans-pinano

Terpenes
Terpenes

Naphthal ene, dkanes, trans-pinane, tricosane

TABLE 5 : Determination of stains on the paper after 6

monthsof applyingdropsof EO.

Presence

Product of stain Color stain
Nerium oleander L. + yellow-greenish
Cestrum nocturnum L. + green?

Verbena officinalis L. + green?

Weddia glauca(Ortega) Hoffm + green?

Citrus sinensis Osbeck + light yellow
Syzygium aromaticum L. + Yellow

Allium sativum L. +/- very light green
Origanum vulgare + Yellow

Thymus vulgarisL.

Pimpinellaanisum L. +
Nerium oleander L. +/-
Piper nigrum L. +/-

imperceptible even to the light
imperceptible even to the light
very light yellow
very light yellow

@ |ndicates that the chlorophyll of the extract stain the paper

CONCLUSIONS

Biocidal effect was observed in many of the ex-

tractsand EO tested againgt strainsof bacteriaand fungi
isolated from air and documents belonging to theAr-
gentine and Cuban documentary heritage.

Theresultsobtained it followsthe promising use of
theseenvironmentally friendly productsfrom plantsin
the control of microorganisms associated with the
biodeterioration of cultura heritage.
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