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Abstract 

The interest for natural extracts as biocides in medicine and food industry has grown in recent years. Yet, they are hardly little used for 
controlling microorganisms that affect cultural heritage materials. This paper was aimed at studying the biocide activity of extracts of 
Arctium lappa L. and Centaurea cyanus L. against microorganisms isolated from the indoor atmosphere of the National Archive of Cuba and 
photographic paper of the Historical Archive of the Museum of La Plata, Argentina. The hole-plate diffusion test was used to evaluate the 
effect. Natural extracts showed good activities. 

Keywords: Antimicrobial Activity, Archives, Biodeterioration, Medicine Plants, Microorganisms, Natural Extracts. 

Resumen 

El interés por los extractos naturales como biocidas en medicina y en la industria de alimentos creció en los últimos años. Sin embargo, son 
poco utilizados en el control de microorganismos que afectan materiales del patrimonio cultural. El objetivo del trabajo fue estudiar la 
actividad biocida de extractos de Arctium lappa L. y Centaurea cyanus L. contra microorganismos aislados del ambiente interior del Archivo 
Nacional de Cuba y de papel fotográfico del Archivo Histórico del Museo de La Plata, Argentina. Se utilizó la prueba de difusión en hoyo 
para evaluar el efecto deseado. Los extractos naturales mostraron buena actividad. 

Palabras clave: Actividad Antimicrobiana, Archivos, Biodeterioro, Extractos Naturales, Microorganismos, Plantas Medicinales. 

 
INTRODUCTION 

The main components of all historical records are 
organic materials that may be natural, semi-synthetic, 
or synthetic compounds. Organic material 
biodeterioration is an essential process in the 
environment that recycles complex organic matter 
and is part and parcel of life. This process however, 
also destroys historical records that are composed 
mainly of organic matter, especially natural and 
synthetic polymers resulting in a loss of valuable 
cultural properties stored in libraries, archives and 
repositories (Capitelli and Sorlini, 1992). The major 
concerns for collective heritage objects are 
microorganisms and insects (Harvey, 1992, Martinez, 
2003). Some documents, especially paper-based and 
parchment are widely recognized as a favourable 

environment for microbial growth in general and for 
microscopic fungi in particular. Some of the most 
common treatments against microbial growth are 
described by Mate et al., 2002, along with the pros 
and cons for their use. According to Bant, 1986, the 
use of biocides, while somewhat effective, is at best a 
delaying tactic. Although the biocides of vegetal 
origin are commonly used with medicinal aims and in 
the food and pharmaceutical industries, their use in 
the control of the biodeterioration of materials stored 
in archives, libraries and museums is scarcely known 
(Rakotonirainy, 2005, de la Paz et al., 2006, Guiamet 
et al., 2006). 

The aim of this paper was to study the 
antimicrobial activity of extracts of Arctium lappa L. 
(“bardana” – “burdock”) y Centaurea cyanus L. 
(“aciano o azuleno” – “garden cornflower”), against 
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different microorganisms isolated from the inner 
atmosphere of National Archive of the Republic of 
Cuba and photographic paper of the Historical 
Archive of the Museum of La Plata, Argentine.  

MATERIALS AND METHODS 

Plant materials  
The plants Arctium lappa L. (“bardana” – 

“burdock”) and Centaurea cyanus L. (“aciano o 
azuleno” – “garden cornflower”), all of them 
Asteraceae were collected from their natural habitat - 
La Plata, Buenos Aires, Argentina -, on June 2006, 
from an uncultivated field to be more specific. 
Taxonomic determination was performed and 
voucher specimens (Bardana AM-102, Centaura AM-
103) were deposited in LEBA Scientific Collections. 

Preparation of plant extracts  
Vegetable materials were dried in an oven stove at 

60º C during 24 hrs and stored at room temperature 
until further processing. Dried plant material (aerial 
parts and roots) was finely ground with a crushing 
machine. Afterwards, it was extracted with ethanol at 
70% and 99%. The extracts were obtained by 
weighing 10 g. of ground vegetable material and 
stabilized plant material. For maceration, the ethanol 
extracts were placed in 100 mL of the solvent during 
10 days at room temperature, keeping the extracts in 
the dark room and stirring them manually 3 times a 
day. The extracts were filtered by double gauze to 
eliminate the heaviest material and then filtered using 
Whatman filter paper Nº 1 (Whatman, England) and 
0.45 µm. The extracts were sterilized by filtration 
through a 0.22 µm Millipore membrane filter. The 
phytochemical screening and determination of total 
solid were performed by following the methodology 
established by the Ministry of Public Health of the 
Republic of Cuba (MINSAP, 1992, Bruneton, 1995).  

Samples procedures and isolation and 
identification of microorganisms 

Historical Archive of the Museum of La Plata, 
Argentina. 

A cotton swab was used in order to remove the 
biofilms from the surface of photographic paper 
stored in the Historical Archive of the Museum of La 
Plata, Argentina. Samples were immediately placed 
into sterile plastic vessels and taken to the laboratory 
for later analyses. The physical parameters obtained 

in this area were: Temperature (T): 23.8; ºC, Relative 
Humidity (RH): 59 %, Isolation: Indirect Light 
(protected area) and Personnel presence: limited. 

The samples obtained from biofilms were 
aseptically suspended in 10 mL sterile saline 
solution; later, a 1 mL/aliquot was cultured on 
different culture media in Petri dishes through plate 
count technique (Madigan et al., 2004). Nutrient 
Agar, PCA and CPS media, were used to grow 
heterotrophic mesophilic bacteria. For the 
physiological groups the following media were used: 
i) lipolytic, lipase activity; (tributirine agar), ii) 
amylolytic, amylase activity; (starch agar), and iii) 
proteolytic, protease activity; (gelatine agar Frazier). 
Postgate B was used for sulphate-reducing bacteria, 
DRCM for sulphite-reducing bacteria and YGC for 
fungi and yeasts. The incubation time was 48-72 hrs. 
for bacteria and one week for fungi, both incubating 
at 28 ºC. In the case of bacteria, the colonies isolated 
from different culture media were Gram stained. 
Gram negative bacteria were isolated using EMB 
agar and Cetrimide agar, and spore forming bacteria 
were isolated using Mossel agar.  

National Archive of Cuba. 
Samples were collected from the indoor 

environment of two deposits (11 and 13) by using a 
biocollector (Grille or Rack II, 30 L/ min) and Petri 
dishes with nutrient agar for their isolation. The 
equipment was placed at 1.5 meters above the floor 
level, following a diagonal method which included 5 
points by triplicate in each deposit. Petri dishes were 
incubated at 28 °C during 4 days so as to carry out 
the recount of colonies. The methodology described 
in the Manual of Taxonomic Identification of Bergey 
(Holt, 1986) was used for the taxonomic 
identification of the bacteria isolated. Environmental 
parameters: Average temperature (T): 25 ° C, 
Average relative humidity (HR): 63.5%, Lighting: 
indirect artificial light (protected area), Air 
Conditioning: natural ventilation, Access to persons: 
restricted. 

Of all the species identified only Bacillus 
polimixa, Enterobacter agglomerans and 
Streptomyces sp. isolated in the National Archive of 
the Republic of Cuba and Bacillus sp. in the 
Historical Archive of the Museum of La Plata, 
Argentina were used in the test of biocide activity. 
These were maintained in nutrient agar slant for 24 h. 
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Antimicrobial activity assays  
The antimicrobial activity of the extracts was 

determined by hole-plate diffusion methods 
(Brantner, 1994, Trivedi and Hotchandani, 2004). 
Suspensions of the bacterial strains used correspond 
to tube 3 of the McFarland scale (1 x 10

6
 CFU/mL). 

Petri dishes with 15 mL of sterile nutrient agar were 
seeded with the appropriate bacterial suspension and 
in holes of 5 mm of diameter; 10 μL of the extracts 
were added. Four additional holes – sterile water, 
ethanol 70%, ethanol 99% and gentamicine sulphate 
40 mg/mL (IMEFA, Cuba) were included as controls. 
After 24 hrs of incubation at 28 ºC, the plates were 
observed for zones of growth inhibition, and the 
diameter of these zones was measured in millimetres. 
This inhibition zone was not included in this hole of 
5 mm.  Each test was performed in triplicate.  

RESULTS  

Determination of the inhibition zones by means of 
the hole-plate diffusion methods (Table I) showed 

that the extracts tested exhibit different antimicrobial 
effects against the four tested bacteria. Sterile water 
and ethanol 70% and 99 % (controls) were negative 
(did not show any antimicrobial activity).  

Arctium lappa shows positive (more 9 mm) and 
moderate (between 6 - 9 mm) activity against all 
bacterial tested. The higher activity showed was 
against Bacillus sp.   

Centaurea cyanus L. at 70% did not show activity 
against gram-positive bacteria Streptomyces sp 
(inhibition halo diameter more less 6 mm). (Velazco 
and Menéndez, 1999).  

The phytochemical screening revealed the 
presence of alkaloids, coumarins, flavonoids, 
phenolics, tannins, terpenes and steroids. 

The objective of determination of total solid 
in the alcoholic extracts was only as quality 
control of extractive substances in the obtaining 
process. (MINSAP, 1992; Núñez et al., 2001).

 
Table 1. Results of inhibition halo diameter expressed in mm (Average  ± S.D.) for the different extracts tested. 

Microorganisms Ethanol 
(%) 

Dose  
(μg)/ holes Enterobacter 

agglomerans 
Bacillus 

Sp 
Bacillus 
polimixa 

Streptomyces sp 

Arctium lappa L. 

70 151.0 7.5 ± 0.4 12.3 ±0.6 9.0 ±0.3 9.5 ±0.5 

99 91.2 11.0 ±0.5 15.0 ±0.9 10.5 ±0.7 9.0 ±0.6 

Centaurea cyanus L. 

70 144.0 9.5 ±0.5 7.3 ±0.5 8.0 ±0.7 5.0 ±0.4 

99 82.4 9.5 ± 0.6 7.6 ±0.7 7.0 ±0.7 6.5 ±0.5 

Gentamicine Sulphate 

- 400 X: 17.5 ± 0.3 16.8 ±0.4 17.5 ±0.3 32.2 ±0.4 
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DISCUSSION 

These plants were selected for their antimicrobial, 
antiseptic and disinfectant actions, given by their 
content in coumarins (cichorin), flavonoids 
(kaempferol), organic acids (chlorogenic and 
isochlorogenic acids), polyacetilenic compounds, 
sesquiterpenes (arctiopicrin), organic acids (acetic and 
ascorbic acids), tannins, alkaloids, terpenes, steroids, 
lignans (arctiin and arctigenin) and phenols among 
other components. These compounds were also 
present in the extracts evaluated in this study. (Lima et 
al., 1993, 2006; Liu et al., 2005; dioniso.it

®
, 2007).  

These metabolites have a broad structural activity 
influencing: i) the expression of their biological 
activity; ii) solubility in polar dilution liquids like 
alcohol and water, (used both in the preparation of the 
extracts used in the present study), and iii) the 
physiological characteristics of the plant at the 
moment of its collection. (Bruneton, 1995, Tsuchya, et 
al., 1996, Eloff, 1998, Cowan, 1999, de la Paz et al., 
2007).   

Similar results were found by Lima et al., 1993, 
when he evaluated an hydroalcoholic extract obtained 
at low temperature for maceration using aerial parts of 
Artium lappa but against Staphylococcus aureus, 
Streptococcus pyogenes type A and Streptococcus 
pyogenes type B. This effect was attributed to 
arctiopicrine (lactone sesquiterpenic). Holetz et al., 
2002, also found similar results when studied its 
antimicrobial activity against bacteria and yeasts. 

In relation to Centaurea family, it is reported as 
antibacterial since many years ago. (Oborn, 1943, 
Barbour et al., 2004, Yayli et al., 2005). This slightly 
more active effect against gram-negative than gram-
positive bacteria is, furthermore, attributed to a 
substance with an unsaturated lactone group.   

This action is very important because some of 
these microorganisms evaluated here present 
cellulolytic, lignolytic, amilolytic, proteolytic activity. 
Moreover, it has been frequently isolated from glues, 
old books, newspapers, parchments and documents 
with leather binding. 

Representatives of Bacillus genus can degrade 
cellulose, starch and proteins due to the action of its 
complex enzymatic system, can provoke purplish 
spots and acidification, and are also responsible for 
the Cancer of Parchment.  

On the other hand, Streptomyces genus comprises 
several bibliophagus species and it exerts a great 
destructive force upon cellulose, lignin and synthetic 

glues (containing urea-formalin). Not to mention, that 
they not only damage collections but their presence 
implies a risk factor of infections for all those in 
contact with contaminated materials as well. 
(Kraemer, 1973 ; Vaillant and Valentín, 1996; 
Vaillant et al, 2003, 2004).  

CONCLUSION 

The hydroalcoholic extracts of Arctium lappa L. 
(“bardana” – “burdock”) and Centaurea cyanus L. 
(“aciano o azuleno” – “garden cornflower”) showed 
good biocide activity against microorganisms isolated 
from the indoor atmosphere of archives and from 
archive materials.  
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