ISSN : 0974 - 7508 Volume 10 Issue 5

<
@w Natural Products
| A Tndéian Yournal

——r>  [ull Paper
NPAIJ, 10(5), 2014 [142-148]

Environmentally friendly extracts from Eucalyptus citriodora
Hook. and Pinus caribaea Morelet their application in the control
of the biofilms in biodeterioration on paper

Paola Lavin!, Sandra G.Gomez de Saravia*!?, José de la Paz Naranjo?®,
Patricia A.Battistoni**, Patricia S.Guiamet'+°
YIngtituto delnvestigacionesFisicoquimicas Teéricas y Aplicadas (INIFTA), Departamento de Quimica, Facultad de
CienciasExactas, UNLP, CCT LaPlata- CONICET. C.C. 16, Suc4, (1900), LaPlata., (CUBA)
ZFacultad deCienciasNaturalesy Museo, UNLP, CIC, (CUBA)
M useo Ernest Hemingway. Area de Conservacién Preventiva. Finca Vigia, San Francisco de Paula,
Ciudad deLaHabana, (CUBA)
“CONICET,(CUBA)
SFacultad deCienciasVeterinarias, UNLP, (CUBA)
E-mail : sgomez@inifta.unlp.edu.ar

ABSTRACT KEYWORDS
Biodeterioration of archival materialsinvolves alteration of physicochemi- Archival materials;
cal and mechanical properties by organisms. This causes loss of aesthetic Biodeterioration;
propertiesand irreversible degradation of documents. Since ancient times, Microorganisms;
extracts of plants have been used as antimicrobialsin various fields. The Natural extracts.

use of such environmentally friendly productsin the biodeterioration field
isviableand has economic, environmental and ecol ogical advantages. The
aims of this research were: i) qualitative identification of secondary me-
tabolites in natural extracts of Eucalyptus citriodora Hook. and Pinus
caribaea Morelet, ii) evaluation of the biocidal activity of the extracts on
adherenceto paper and biofilm formation by Bacillus sp., iii) evaluation of
the antimicrobial effects of the extracts on Bacillus sp. and Bacillus
thuringiensisisolated from archival materials. Compoundsidentifiedinthe
extractsincluded alkaloids, cumarines, flavonoids, phenals, tannins, terpe-
nes and steroids. The antimicrobial activity was studied by the agar diffu-
sion technique. Significant holes of inhibition were obtained. Aged papers
adsorbed with extracts in the presence of Bacillus sp were tested. A de-
crease of microorganismsadhesion and biofilmformation to paper adsorbed
with extracts was observed.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION biofilm formation and use of the paper asa source of

carbon and energy. Biodeterioration causes unwanted

Historica documentsstoredinarchivesor muse-  changesto thematerial properties. Various microbial
umsare permanently subject to physicd, chemicd,and/  populations, bacteria, fungi and actinomycetes, interact
or biological aterations. Biological deteriorationis inadherence and paper degradation. Paper, whichis
caused by microorganismsthrough their adherenceand  composed of vegetablefibers, functiona additives(glue,
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filling, optical polishing and consolidating agents) and
ink with organic binders, isvulnerableto abiotic and
bioticfactors. Thedamage of documentary materid can
result in an ecologica success on of microorganisms,
biofilmsor consortiathat potentiatethe deterioration of
the documents®1°24, Fungi, like many bacteria, pro-
duce spotsof different colourson materids, which have
been associated with a process called foxing=143,
Foxingistheresult of therel ease and excretion of pig-
ments and acids by microorganisms, causing the ap-
pearance of brown yellow spots. Whiletheir chemical
or biological originisdiscussed, damage can beiniti-
ated by microorganismson paper. Theaction of micro-
organismsin paper biodeterioration resultsin changes
of chemica composition of fibrous and non fibrous
materids, theefficient multi-enzymesystemsof micro-
organismsenablethem to use different nutrient sources
under varied environmenta conditions. Bacillussp., for
example, may participatein the deterioration of paper
by the action of cellulase and xylanase enzymes that
hydrolyzethestarch used ass zing, producing acidsthat
eventualy accel erate the deterioration of the cellulose
fiber1430 and metabolites such aslactic acid, causing
pH decreaseand |l eading to violaceousor reddish stains
and destruction of the paper(519.253941,

Bacillusand Sreptomyces genus hascellulolytic
andlignolyticactivity and areableto excretehydrolytic
enzymes such as proteases and chitinases” that can
degradetheproteinsand chitininthefunga wal 1129,

Chemicals for routine prevention of paper
bi odeterioration and in responseto infestations have
been traditionaly used. However these are not always
effective and certainly do not correct the damage a -
ready caused. Currently, chemicadsaredecreasingly used
because of therisk that these represent to health of the
daff, tothemateria andtotheenvironment. Therefore,
the choice of aproduct for control and prevention of
bi odeterioration becomesincreasingly morerestricted
dueto stringent requirementsfor their usg®2151617 |n
thepast few years, therehasbeenincreasinginterestin
dlver nanoparticlesandintheuseof natura substances
because of their high antibacteria and antifungal prop-
ertied2434 |tisgenerally considered that compound
produced naturdly, rather than syntheticaly, will bebio-
degraded moreeasily and will thereforebe more envi-
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ronmentally acceptable. Thisassumptionishbased on
theknown diversity and adgptability of microorganisms
which can degrade most of the substances naturally
occurring on thisplanet!*s,

However, among several studiesreported, only a
few mentionstheir actual useinthefield of conserva-
tion of cultura properties. Antimicrobia agentsisolated
from plantscan control intermediary metabolism, acti-
vating or inhibiting enzymeatic reactions, directly affect-
inganenzymatic synthess, or changingmembranestruc-
tures®38, Themgjor part of the compoundswith anti-
microbia activity foundin plants, herbsand dried spe-
ciesare phenolics, terpenes, aiphatics, adehydes, ke-
tones, acidsand i soflavonoids?. Theaimsof thisre-
search were: i) qualitativeidentification of secondary
metabolitesin naturd extractsof Eucalyptuscitriodora
Hook. and Pinus caribaea Morelet, ii) eval uation of
thebiocida activity of theextractson adherenceto paper
and biofilmformation by Bacillussp., iii) eva uation of
theantimicrobial effectsof theextractson Bacillussp.
and Bacillusthuringiensisisolated fromarchiva ma
terids.

EXPERIMENTAL

Vegetablematerial, extr action and phytochemical
analysis

Leavesof adults Eucalyptuscitriodora Hook. (E.
citriodora Hook.) and Pinus caribaea Morelet (P.
caribaea Morel et) were collected in the natural habitat
inthe province of Havana, Republic of Cuba. Plants
werein avegetative state. Leaves were washed and
drainedinanovenwithair recirculationfor 7 daysand
then pulverizedin ablade mill. After taxonomic classfi-
cation, sampleswere deposited in the herbarium of the
National Archives (0002 ARNAC Eucalyptus and
ARNAC 003 Pinus). Extract of E. citriodora Hook.
and tinctureof P. caribaea Morelet were obtained by
repercolationin 70% ethanol and sterilized by 0.22 pm
Milliporemembranefiltration (drug/ extract rel ation-
shipisusually 1:1 or 1:2and 1:5 0 1:10 respectively).

Thephysicochemical characteristicsof theextracts
were determined following the methodol ogy accepted
by the Ministry of Public Health of the Republic of
Cubd?"?8, and theidentification of secondary metabo-
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litesfollowing Sanabria-Gallindo et a.1997 All de-
terminationswereperformedintriplicate.

Sampling, isolation and identification of microor-
ganisms.

Sampleswere taken from the surfaces of photo-
graphic paper withfox-like reddish-brown col our spots,
type““foxing” (Figure 1) in the Historical Archive of the
Museum of LaPlaa(HAMLP), Argentina, with serile
cotton swabs. They werehomogenizedin 10ml of gerile
salineand inocul ated on Plate Count Agar (PCA me-
dia) for to grow heterotrophic mesophilic bacte-
ridt"1928, Bacteriaweretypified accordingtothe Gram
stain and biochemical tests*!. Bacillus spp. wereiden-
tified by molecular techniques (16SrRNA gene), with
NCBI accession number EU184084 = Bacillussp. and
NCBI accession number AM747224= Bacillus
thuringiensig®,

Figurel: Foxing spotsin aphothograph fromHAMLP

“In vitro”test for antimicrobial activity

Bacillussp. and Bacillusthuringiensisweregrown
innutrient agar for 24 h. Theantimicrobid activity of E.
citriodora Hook. and P. caribaea Morel et was deter-
mined by the holetechnique“®?. Theinoculum used for
this technique corresponded to the 3rd tube of the
McFarland scale (1x 10° CFU/mI), Ten pl of the ex-
tract and tinctureat 5 and 10% were added to hol es of
5 mm diameter. Controlswere steriledistilled water
and 70% ethanol inequa volume. Theholeswereequi-
distant (6 peripheral wells/plate). Well diameter was
not taken into account when measuring theinhibition
halo. After incubating thedishesfor 24 hat 28°C, holes
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weremeasured. Testswereperformedintriplicate.

L aboratory assays: bioadhesion and biofilm for-
mation of Bacillussp. to paper

From apureculture of Bacillussp. (24 hincuba-
tion), anaiquot wastaken and diluted in salineto reach
turbidity of tube 3 on the M cFarland scale. For growth
of Bacillussp. 1 ml of thissuspension was seeded on
solid minera medium whose composition wassodium
nitrate 2 g; dipotass um phosphate 1 g. magnesium sul-
phate 0.5 g; potassium chloride 0.5 g; yeast extract 0.5
g; ferrous sulphate0.01 g; agar 20g, per 11; pH =5.5
and Petri dished wereincubated 24 h.

A gtrip of aged stevilized filter paper of 2 cm? (Papel
ArchiveText. Ref. 678-70A4) (72 hat 105°C, corre-
sponding to 25 years of aging) adsorbed with E.
citriodora Hook. and P. caribaea Morelet (Figure 2)
were placed on the Petri dished. Aged paperswithout
adsorbed extracts were used as controls. Strain that
showed better growth and bioadhes on using the paper
as sole carbon source was sel ected for studies.

Accelerated aging method used was described by
Browning (1969)" based on the equation Arrehenius:
k=s(-Ea /RT)
where: k = constant of the reaction; Ea= Energy of
activation R = constant of gas, T = Temperature abso-
luteof processin Kelvin; S=factor of frecuency

Two paperswereremoved every 5, 24 and 48 h;
one of themwas used for eval uating adhered cellsby
plating and biofilm formation; and the other for Scan-
ning Electron Microscopy (SEM). After incubation,
paperswerewashed with sterilized distilled water to
remove surplusagar and unattached bacteria. For mi-
crobial counting the paper were submergedin sterile
saline, shaken dightly and then sonicated. Decima di-
lutionswere spread on nutrient agar, incubated at 28
°C for 24 h and counting CFU/cm?. The tests were
performedin quadrupl et.

Monitoring of bioadhesion and biofilm formation
by SEM

Bioadhesion and biofilm formationto paperswere
observed by SEM Jeol 6360 LV. Papersweredried at
room temperature and then werekept inaclosed cham-
ber with pure ethanol for 24 h and metaized withAu/
Pd previousto observation.
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Figure2: SEM imageof paper adsorbed with A) Eucalyptuscitriodora Hook., and B) Pinus caribaea M orelet (3500X) Bar =

Sum.
TABLE 1: Resultsof secondary metabolitesidentified of extract and tincture
ASSAYS Secundary metabalites E. citriodora Hook. P. caribaca Mor elet
Dragendorff Alcaloids + +
Mayer Alcaloids + +
Wagner Alcaloids + +
Liebermann Burchard Triterpenes, steroids + ++
Sudin il Qils, fats ++ +
Fehling Redudng sugars + +
Cloruros Phenols, taninns +++ +++
Shinoda Flavonoids +++ +++

(+, ++, +++) Increasing amount

TABLE 2: Physicochemical characteristicsof extract and tincture

Total solids (mg/dL)

Refractiveindex  pH

Relative density  Alcohalic content (%)

E. citriodora Hook.
P. caribaea Mord et

6.00
6.50

1.375
1.325

4.75
534

0.90
0.94

65.0
51.5

RESULTSAND DISCUSSION

Theresultsof quditative assaysfor secondary me-
tabolites are shown in TABLE 1. Flavonoids and
phenolswereabundant in both samples, whilethe other
metabolites showed variability. Inthe case of phenols,
individual trialswere characterized by intense colors,
which show thewidevariety of hydroxylated structures.

Therewasnoqualitativesmilarity between samples
with respect to steroid and triterpenoid contents. Ste-
roidsweredetected most abundantly in thetinctureand
thetest applied was characterized by an intense blue-
green col or, which showsthe presence of several ste-
rolsinthetissue of the plant(®,

Themean vauesof phys cochemicd determinations
of theextractsareshownin TABLE 2.

Of themetabolites detected in both species, four of
them have proven antibacterid activity: triterpenes, fla-
vonoids, phenolsand tanning™.

Thevauesfor mean and standard deviation from
thegrowthinhibition holes (mm) for theextractswere:
Bacillussp. with E. citriodora Hook. 12+ 0.3 and P.
caribeaMordet 10+ 0.3; Bacillusthuringiensiswith
E. citriodoraHook. 15+ 0.4 and P. caribea Morel et
13+0.3. Values lower than 6 mm are negative, mod-
erate between 6 and 9 mm and positive more than 9
mm. Control assayedwith ethanol and Serilewater were
negative.

Asinpreviousinvestigatiiond®®, postiveresultswere
givenwiththisisolate. Theimportanceof thisresearch
isthat these spore forming microorganismsshowed in-
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TABLE 3: Adherent Bacillussp. on paper sadsor bated with extractsafter 5, 24 and 48 hs. expressed in UFC/cm?

Eucalyptus citriodora Hook. Pinus caribaea M or elet Control
5h 24 h 48 h 5h 24 h 48 h 5h 24 h 48 h
X 37.33 75.67 170 6.33 8.67 25 60.33 186.33 220
sD 8.74 10.79 8 351 3.51 5 9.61 7.21 7.21

Figure3: SEM images. Aged control paper in Bacillussp. culture after 24 h A) and 48 h D); aged paper adsorbed with
Eucalyptuscitriodora Hook. in Bacillus sp. culture after. 24 h B) and 48 h E); aged paper adsorbed with Pinus caribaea
Morelet in Bacillussp. cultureafter 24 h C) and 48 h F). (3500X) Bar = 5um.

hibitionholes.

Phytochemical studieson leavesand bark of the
Pinaceaefamily have shown the presenceof triterpene
acids, whichmay contributeto theantimicrobia activ-
ity, their mechanism of actioninvolvingthedisruption of
the microbial membrane*?. E. citriodora Hook. and
P. caribaea Morelet plantshave been widely studied,
mainly duetotheir useintraditional medicineandtheir
antibacterid and antifungd activity. Antimicrobid activ-
ity isattributed to the presence of tannins, terpenesand
eucalyptol inleavesof the genus Eucalyptus®3. Some
of these are present in the sol utionseval uated hereand
they could beresponsiblefor theantimicrobial effect
noted (TABLE 1).

Bacillussp. showed the highest bioadhesion counts
on the control paper (TABLE 3). On papers absorbed
with extract the number of UFC/cm? inbiofilm forma-
tion decreased, confirming the effect of the extracts
(TABLE 3). P. caribaea Morelet wasmogt effectivein
theinhibition of adherence of Bacillusspto paper that

Natural Products

E citriodora Hook. (TABLE 3).

Thebiofilmformation on control paper and thede-
creased of Bacillus sp. adherence on aged papers
adsorbed with extracts of E. citriodora Hook., and P.
caribaea Morel et were corroborated by SEM (Figure
3).

Bacillussp. may participatein thebiodeterioration
of paper through cdllulaseand xylanaseaction on starch,
whichisusedassizingin paper manufacturing; acid pro-
duction by thebacteria cdlswill also, over time, accel-
eratethe deterioration of cellulosefiberd#24. During
the manufacturing processof the photographic paper,
Bacillusspp. candegradethegdlatin of theemul sionf®7.
Thelack of control of microorganismscan significantly
detract from the economic vaueof the enormousrange
of productg®*2, It has been estimated that | osses caused
by biodeterioration are about 1% (billionsof dollars).

Acidity isoneof themoreimportant causes of pa-
per deterioration; there are standards based d most ex-
clusively on determination of acidity to predict perma-
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nence. The determination of pH isone of themorere-
liable methodsto measure acidity, which may beused
on paper because of the conductivity generated inthe
presence of humidity, delaPaz et al. (2009)*? have
demonstrated that these natural extracts not favor the
acid formation onthe paper asnot only thepH remained
invarigble.

CONCLUSIONS
. A decrease of Bacillus sp. bioadhesion and
biofilm formation to paper adsorbed with ex-
tractswas observed.
. Results obtained in thisresearch corroborate

theantimicrobid activity of environmentally
friendly extracts of Eucalyptus citriodora
Hook. andtinctureof Pinuscaribaca Morelet.

. Alcdoids, triterpenes, seroids, phenols, present
inthesolutionsevaluated could beresponsible
for theantimicrobid effect noted.

. Thiswould support their promising useto con-
trol microorganisms associated with
biodeterioration of archiva materids, dlowing
the preservation of thedocumentary heritage.
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