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PREFÁCIO

A biotecnologia baseia-se em conhecimentos multidisciplinares fortemente 

associados às ciências naturais e exatas, e às ciências aplicadas. As ciências biológicas e 

o seu enquadramento na biotecnologia têm aplicações em grandes áreas de importância 

socioeconómica, principalmente na medicina humana e animal, ambiente, agronomia 

e na indústria. Os processos biotecnológicos são caraterizados por usarem células 

procariotas ou eucariotas, partes das mesmas ou análogos moleculares - com o objetivo 

de se obterem produtos e serviços. Avanços significativos na biotecnologia surgiram das 

sinergias estabelecidas entre engenheiros, cientistas e reguladores para transformar 

descobertas cientificas em novos processos e produtos, com impacto socioeconómico. A 

elevada dinâmica académica e industrial no desenvolvimento de conhecimento em ciências 

biológicas e biotecnologia é revelador da sua importância. Contudo, a necessidade de 

atualização dos avanços científicos, em conjugação com a transformação desse novo 

conhecimento em conteúdo curricular técnico-científico relevante são desafios para um 

eficaz processo formativo de recursos humanos altamente qualificados. O enquadramento 

ético e regulamentar de novos processos e produtos é igualmente desafiante.

Este livro foi dividido em quatro partes: a primeira parte reúne capítulos (1 a 6) 

relacionados com as biociências e a biotecnologia na área biomédica. A segunda parte 

concentra capítulos (7 a 11) na área do ambiente. A terceira parte é composta pelos 

capítulos 12 a 14 que se enquadram em aspetos da bioprospecção. A quarta parte contém 

os capítulos 15 e 16 que abordam aspetos do ensino/aprendizagem em biotecnologia e 

da bioética, respetivamente. Neste contexto, pretende com este livro contribuir para que 

estudantes e professores do ensino superior, ligados às biociências e à biotecnologia, 

quer a nível de graduação quer de pós-graduação, possam ter uma perspetiva de avanços 

na área. Este livro pode ser também útil a profissionais ligados a setores nos quais as 

biociências e a biotecnologia têm um papel de relevo, bem como para professores do 

ensino pré-académico.

Manuel Simões
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1 Trabajo presentado anteriormente como Abstract en 
BIOCELL, 45(3):62, 2021. ISSN 0327- 9545 / ISSN 1667-
5746 (versión en línea). Este estudio fue financiado por 
Ciencia y Técnica de la Universidad Nacional de San Luis 
(PROICO 02-0218 y 02-2516). Los autores declaran no 
tener ningún conflicto de interés. 

ABSTRACT: The increase of antimicrobial 
resistance is a growing global public health. 
One mechanism by which microorganisms 
acquire resistance to antibiotics is the biofilms. 
Approximately 80% of chronic and recurrent 
microbial infections are due to this resistance 
strategy produced by a diverse group of 
microorganisms. This context has motivated 
the search for new antimicrobial substances 
with anti-biofilm activity. The extensive and 
varied flora of the Central West Region of 
Argentina offers an important resource for 
the study of natural products in the search 
for antimicrobials with potential therapeutic 
use in clinical infections. Within these species, 
Zinnia peruviana (L.), is an herb with proven 
antimicrobial properties in its aerial part. 
The objective of this work was to evaluate 
the effect of the addition of acetonic extract 
from the roots of Z. peruviana at different 
concentrations on the biofilm production of L. 
monocytogenes, E. coli and C. albicans. Biofilm 
production was evaluated by determining 
adherence to 96-well microplates U-bottom. 
The tested extract inhibited 29% and 50% of 
the biofilm production of L. monocytogenes 
with 0.625 mg ml-1 and 5 mg ml-1 respectively. 
For E. coli the reduction was 33% (0.625 mg ml-
1) and 51% (0.078 mg ml-1) while for C. albicans 
a significant reduction in biofilm formation was 
observed with 3 concentrations of extract: 
59% (5 mg ml-1), 42% (0.625 mg ml-1) and 44% 
(0.078 mg ml-1). All the biofilm reduction values   
showed significant differences (p<0.05). The 
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high biological activity of the roots of Z. peruviana represents an alternative potential 
for the treatment and control of microbial infections. Further studies on toxicity and 
bioapplicability are needed.
KEYWORDS: Zinnia peruviana. Acetonic root extract. Microbial biofilms.

EFECTO DE EXTRACTO DE RAÍZ DE Zinnia peruviana SOBRE LA PRODUCCIÓN DE 

BIOPELÍCULAS MICROBIANAS

RESUMEN: El aumento de la resistencia a los antimicrobianos constituye una creciente 
preocupación de la salud pública mundial. Un mecanismo por el cual los microorganismos 
adquieren resistencia a los antibióticos es la formación de biopelículas. Aproximadamente 
el 80% de las infecciones microbianas crónicas y recurrentes se deben a esta estrategia 
de resistencia producida por un grupo diverso de microorganismos. Este contexto ha 
motivado la búsqueda de nuevas sustancias antimicrobianas con actividad anti-biofilm. 
La extensa y variada flora de la Región Centro-Oeste de Argentina ofrece un importante 
recurso para el estudio de productos naturales en la búsqueda de antimicrobianos con 
potencial uso terapéutico en infecciones clínicas. Dentro de estas especies, Zinnia 
peruviana (L.), es una hierba con propiedades antimicrobianas demostradas en su 
parte aérea. El objetivo de este trabajo fue evaluar el efecto de la adición de extracto 
acetónico de raíces de Z. peruviana a distintas concentraciones sobre la producción de 
biofilm de L. monocytogenes, E. coli y C. albicans. La producción de biofilm se evaluó 
por determinación de la adherencia a microplacas de 96 pocillos fondo en U. El extracto 
ensayado inhibió el 29% y 50% de la producción del biofilm de L. monocytogenes con 
0,625 mg ml-1 y 5 mg ml-1 respectivamente. Para E. coli la reducción fue de 33 % (0,625 
mg ml-1) y 51% (0,078 mg ml-1) mientras que para C. albicans se observó una significativa 
reducción en la formación de biofilm con 3 concentraciones de extracto: 59 % (5 mg 
ml-1), 42 % (0,625 mg ml-1) y 44 % (0,078 mg ml-1). Todos los valores de reducción de la 
producción del biofilm presentaron diferencias estadísticamente significativas (p<0,05). 
La elevada actividad biológica de las raíces de Z. peruviana representa un potencial 
alternativo y alentador para el tratamiento y control de infecciones microbianas. Se 
necesitan más estudios sobre toxicidad y bioaplicación.
PALABRAS CLAVE: Zinnia peruviana. Extracto acetónico de raíz. Biopelículas microbianas.

1 INTRODUCTION

Worldwide, antibiotics are used to treat infections in humans and animals. In 

addition to therapeutic use, antibiotics are commonly added to animal feed in small 

amounts as prophylaxis and for growth promotion purposes, promoting a steady increase in 

antimicrobial resistance of microbes and a decrease in the ability of available antimicrobials 

to treat common infections. Antimicrobial resistance (AMR) represents a health threat and 

an emerging risk to the global population of entering a post-antibiotic era in which existing 

antibiotics are gradually rendered ineffective due to resistance. This increased resistance 

is mainly associated with the overuse and misuse of antibiotics, the appearance of 
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resistant strains and the slowdown in the discovery of antimicrobial drugs (Lofa et al., 

2019; Asmerom et al., 2020). One important mechanism whereby microorganisms acquire 

resistance to antibiotics and evade the immune system is by forming biofilms. Microbial 

biofilms are communities of bacteria, embedded in a self-producing matrix, forming on 

living and nonliving solid surfaces (Vasudevan, 2014). Biofilm-associated cells have the 

ability to adhere irreversibly on a wide variety of surfaces, including living tissues and 

indwelling medical devices as catheters, valves, prosthesis, and so forth (Parsek and 

Singh, 2003). They are considered an important virulence factor that causes persistent 

chronic and recurrent infections; they are highly resistant to antibiotics and host immune 

defenses (Grant and Hung, 2013).

Bacteria protected within biofilm exopolysaccharides are up to 1,000 times more 

resistant to antibiotics than free-floating (planktonic cells) (Sharma et al., 2019), which 

generates serious consequences for therapy and severely complicates treatment options 

(Sun et al., 2013). Biofilm resistance is due to several reasons, like restricted diffusion 

of antibiotics into biofilm matrix, expression of multidrug efflux pumps, type IV secretion 

systems, decreased permeability, and the action of antibiotic-modifying enzymes 

(Alekshun and Levy, 2007). The increased biofilm resistance to conventional treatments 

enhances the need to develop new control strategies (Simoes et al., 2007). Biofilm 

inhibition is considered a major drug target for the treatment of various bacterial and 

fungal infections, and pharmacological development of these drugs is now extensively 

studied (Namasivayam et al., 2013).

The microorganisms producing biofilm comprise a diverse group of organisms, 

including both Gram-negative and Gram-positive bacteria, as well as fungal species. 

Gram-positive specie involved in infections associated with the formation of biofilm 

is Listeria monocytogenes that produces listeriosis due to food contamination and 

coinfections with other bacterial species. Among Gram-negative infections, Escherichia 

coli is responsible for hemolytic uremic syndrome, acute diarrhea, and urinary tract 

infections. Candida species have emerged as a significant cause of morbidity and 

mortality and account for approximately 72% of all nosocomial fungal infections. 

C. albicans is a very common opportunistic pathogen producing oral, vaginal and or 

systemic candidiasis. Furthermore, biofilm formation by Candida has been documented 

on a variety of medical devices such as catheters, dialysis and joint devices. While fungal 

implant infections are less common than bacterial infections, they tend to be more serious 

or troublesome. Antifungal drugs, mainly polyenes and azoles, are commonly used to 

treat Candida infections. However, efficacy of these drugs is limited in many cases due 
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to development of resistance, poor penetration power in biofilm and undesirable side 

effects (Jafri and Ahmad 2019; Ahmad et al., 2020). Given the alarming incidence of 

antimicrobial resistance in microorganisms of clinical importance, there is a continuing 

need for new and effective therapeutic agents. This context has led to the investigation 

of new antimicrobial substances from plant species popularly used in folk medicine. 

Therefore, the study of new agents of natural origin with antimicrobial and antibiofilm 

activity constitutes an important clinical challenge.

The field of natural products of plant origin currently links two axes of study. From 

a structural point of view, natural products pose significant challenges for the application 

of strategies that allow their isolation, purification and structural elucidation. However, 

the axis of greatest importance is undoubtedly their bioapplicability, since the bioactivity 

reported in the literature for many secondary or chemically derived metabolites makes 

them potentially interesting in the search and development of molecular models in the 

design of new drugs. In this framework, the extensive and varied flora of the Central-

West Region of Argentina is an important source of renewable resources in the study 

of natural products and their applications in the search for antimicrobials with potential 

therapeutic use in clinical infections. Zinnia genus contains annual and perennial plants 

belonging to the family Asteraceae and comprises about 20 species native to South 

America (Goma et al., 2019). Zinnia peruviana (L.) L., commonly known as “Chinita del 

Campo’’, is a native plant that grows in the center and north of Argentina (Del Vitto et al., 

1997). The aerial parts of this species present diverse ethnopharmacological uses and 

have been evaluated for different biological properties (Barboza et al., 2009; Satorres et 

al., 2012; Mohamed et al., 2017). 

On the other hand, the genus Zinnia has shown the presence of a diversity of 

secondary metabolites of different classes (Bastos et al. 2020). Among them, the 

sesquiterpene lactones are one of the main constituents that have been isolated and they 

are responsible of various biological activities such as anticancer, anti-inflammatory and 

immunomodulatory effects, anti-ulcer, antifungal and antiviral activities (Lent et al., 1977; 

Subramaniam et al., 2014). 

Previous works of our research group (Mattana et al., 2016; Satorres et al., 2012; 

Mohamed et al., 2017; Mohamed et al., 2018) motivate the progress and deepening of 

the study of this promising plant as a possible source of new antimicrobial agents with 

direct application in clinical microbiology and, as part of our studies of antimicrobial herbal 

constituents, was studied the in vitro the inhibitory effect of Z. peruviana roots against 

biofilm of L. monocytogenes, E. coli y C. albicans.
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2 MATERIALS AND METHODS

2.1 PLANT MATERIAL

Zinnia peruviana (L.) L. were collected in El Trapiche and La Florida, San Luis, 

Argentina (latitude: 33° 7′ 0″ S; longitude: 65° 5′ 0″ W), in March 2018/February 2019. A 

voucher specimen was deposited at the Herbarium of the National University of San Luis 

(L.A. del Vitto Nº 8841).

2.2 PREPARATION OF ACETONIC EXTRACT 

Z. peruviana roots collected were air-dried and ground in knife mills to fine grain 

size. Powdered air-dried material of Z. peruviana (200 g) was macerated in 500 ml of 

acetone at room temperature for one week (Figure 1). The crude acetonic extract was 

filtered through Whatman filter paper Nº 1, and the filtrates were concentrated under 

reduced pressure at 40 ºC. The extract was dried, weighed (3.1 g) and stored at 4 ºC in 

storage vials for preliminary antimicrobial screening. 

Figure 1. A: Zinnia peruviana plant. B: Z. peruviana roots collected. C: Maceration of Z. peruviana roots in acetone.

Photos: own authorship.

2.3 MICROBIAL STRAINS

The microorganisms tested included Listeria monocytogenes CLIP 74904, 

Escherichia coli ATCC 35218 and Candida albicans ATCC 36801.

2.4 ANTIBIOFILM ACTIVITY. INHIBITION OF THE BIOFILM FORMATION

The potential of the acetonic extracts from Z. peruviana roots to prevent initial cell 

attachment was investigated through the biofilm inhibition assay on microplate U-bottoms 



Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Capítulo 4 45

(Microplate method). In brief, 50 µl of culture medium (supplemented with 1% glucose), 50 

µl of bacterial inoculum (108 CFU ml-1) and 100 µl of extract at different concentrations were 

added to each well and incubated at 37 °C for 48 h. Three concentrations were tested: 5 

mg ml-1 (C1), 0.625 mg ml-1 (C2) and 0.078 mg ml-1 (C3). The culture was discarded and the 

adhered content (sessile cells) was washed with sterile physiological solution, fixed with 

methanol and stained with crystal violet. The optical density reading was performed at 

550 nm in ELISA reader (Microplate Reader Benchmark, BIO-RAD). The experiment was 

carried out in quadruplicate and was repeated 2 times.

Percentages of inhibition for each sample were determined by comparing the 

mean optical density (OD) of control wells (without extracts added) with the bacterial 

suspension (with the addition of extracts). Thus the percentage of biofilm inhibition was 

determined by the formula:

Biofilm reduction %= OD control - OD sample x 100%

        OD control

2.5 STATISTICAL ANALYSIS

GraphPad Prism 5 program, One-way analysis of variance (ANOVA), Bonferroni 

test were used to analyze the result and p values less than 0.05 were considered 

statistically significant. All experimental data were derived from at least 2 independent 

experiments. 

3 RESULTS AND DISCUSSION

There is recently an increased interest in using green antimicrobials as an 

alternative to prevent and destroy biofilms, such as plant extracts and phytochemicals. 

Natural products derived from Z. peruviana present biological activity against Gram-

positive and Gram-negative bacteria and yeasts. This study assessed the ability of 

acetonic extract obtained from the roots of Z. peruviana to prevent further formation of 

biofilms at 48 h. This extract showed significant inhibition of the biofilm production L. 

monocytogenes, E. coli and C. albicans (p<0.05) (Figure 2). 
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Figure 2. Reduction of biofilm production with the addition of Zinnia peruviana root extract at three concentrations. 
*p < 0.05 compared with control. **p < 0.01 compared with control. ***p < 0.001 compared with control (biofilm). 
Each value represents means ± SD.

The acetonic extract inhibited 29% and 50% of the biofilm production of L. 

monocytogenes with 0.625 mg ml-1 and 5 mg ml-1 respectively, following a dose-dependent 

effect. Concentrations lower than 0.625 mg ml-1 did not show antibiofilm effect for this 

bacterium. Against E. coli, the reduction in biofilm production was 33% (0.625 mg ml-1) 

and 51% (0.078 mg ml-1) however, the reduction was not dose-dependent. In contrast, 

C. albicans reduced biofilm production with the three concentrations tested with dose-

dependent effect with values of 59% (5 mg ml-1) and 44% (0.625 mg ml-1 and 0.078 mg ml-1). 

The secondary metabolites of plants present a wide chemical diversity and 

important pharmaceutical properties. Among them, several classes of phytochemicals 

have been shown to present antimicrobial properties, either when used alone or together 

with other antimicrobials products, against clinically important pathogens, interfering 
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with some of the main factors involved in biofilm development, such as motility, adhesion, 

intercellular aggregation, and communication (Sakarikou et al. 2019). In this case, regarding 

the antibiofilm activity of the Zinnia root extract, the ziniolide compound identified as the 

major secondary metabolite, would be responsible for this activity by a mechanism that 

has not yet been elucidated. 

It is generally more difficult to eradicate pre-existing biofilms by the extracts. 

Some reports have also noted that it is less difficult to inhibit cell attachment than to get 

rid of established biofilm (Cerca et al., 2005; Sandasi et al., 2011). We have carried out 

studies of the antibiofilm activity of Zinnia root extract on the already formed biofilm (data 

not shown in this work) with less active results to eradicate the biofilm. This confirms 

that pathogens are able to resist the action of antimicrobials more when they exist in 

biofilms and their infections are able to persist on different biotic and abiotic surfaces 

(De La Fuente-Núñez et al., 2013). Factors which cause resistance in biofilms include 

presence of an extracellular polymeric matrix which causes strong attachment of 

microbes to surfaces and low antibiotic penetration or increased activity of efflux pumps 

which expel antimicrobial agents from cells (Jamal et al, 2018) and too interfering with 

intercellular communication strategies (quorum sensing) of the bacteria, thereby reducing 

biofilm formation (Merghni et al., 2018). The plant extracts may have interfered with any 

of these factors. Specifically, the excellent ability of the plant extracts to interfere with 

the initial stage of biofilms formation may be attributed to interference with forces, such 

as Brownian, sedimentation, Lifshitz–Van der Waals and electrostatic interaction forces, 

that favour the deposition and adherence of bacteria to surfaces (Tiwari et al., 2018). Also, 

since certain organic and inorganic molecules and other nutrients are important for cell 

growth and hence cell adhesion (Sandasi et al., 2010), it is possible that the plant extracts 

may inhibit the availability of nutrients.

The strong biological activity of the acetonic extract of the root of Z. peruviana 

demonstrated in this work represents an alternative potential for the treatment of microbial 

infections. We are conducting other studies to elucidate the antibiofilm action mechanism, 

as well as cytotoxicity and genotoxicity studies to determine the safety of the acetonic 

extract of the root of Z. peruviana.

REFERENCES

Ahmad Khan, M. S., Alshehrei, F., Al-Ghamdi, S. B., Bamaga, M. A., Al-Thubiani, A. S. and Alam, M. 
Z. (2020). Virulence and biofilms as promising targets in developing antipathogenic drugs against 
candidiasis. Future Sci OA, 6, FSO440. doi: 10.2144/fsoa-2019-0027

Alekshun, M. N. and Levy, S. B. (2007). Molecular mechanisms of antibacterial multidrug resistance. 
Cell, 128 (6), 1037-1050.

https://dx.doi.org/10.2144%2Ffsoa-2019-0027


Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Capítulo 4 48

Asmerom, D., Hailu, G. S., Yimer, E. M., Bitew, H. and Kahsay, G. (2020). Antimicrobial Evaluation of 
Latex and TLC Fractions from the Leaves of Aloe adigratana Reynolds. Evid Based Complement 
Alternat Med, 1-10. doi:10.1155/2020/8312471

Barboza, G.E., Cantero, J.J., Núñez C., Pacciaroni, A. and Espinar, L.A. (2009). Medicinal plants: A 
general review and a phytochemical and ethnopharmacological screening of the native Argentine 
Flora. Kurtziana, 34 (1), 1-20.

Bastos Cavalcante, N., da Conceição Santos, A. D. and da Silva Almeida, J.R.G. (2020). The genus 
Jatropha (Euphorbiaceae): A review on secondary chemical metabolites and biological aspects. 
Chem Biol Interact, 318 (1), 1-18.

Cerca N., Martins S., Oliveira R, Azeredo J. (2005). The relationship between inhibition of bacterial 
adhesion to a solid surface by sub-Mics of antibiotics and subsequent development of a biofilm. Res 
Microbiol, 156 (5–6), 650-655.

De La Fuente-Núñez, C.; Reffuveille, F.; Fernández, L.; Rew, H. (2013). Bacterial biofilm development as 
a multicellular adaptation: antibiotic resistance and new therapeutic strategies. Curr Opin Microbiol, 
16(5),580-589.

Del Vitto, L., Petenatti, V. and Petenatti, E. (1997). Recursos Herbolarios de San Luis (República 
Argentina) primera parte: plantas nativas herbal resources of San Luis (Argentina). First part: native 
plants. Multequina, 6 (1), 49-66.

Grant S.S. and Hung, D. T. (2013). Persistent bacterial infections, antibiotic tolerance, and the oxidative 
stress response. Virulence, 4 (4), 273-283.

Gomaa, A.A., Samy, M.N., Desoukey, S.Y. and Kamel, M.S. (2019). A comprehensive review of 
phytoconstituents and biological activities of genus Zinnia. J Adv Biomed and Pharm Sci, 2 (1), 29-37.

Jafri, H. and Ahmad, I. (2019). Thymus vulgaris essential oil and thymol inhibit biofilms and interact 
synergistically with antifungal drugs against drug resistant strains of Candida albicans and Candida 
tropicalis. J Mycol Med, 100911. doi:10.1016/j.mycmed.2019.100911

Jamal, M.; Ahmad, W.; Andleeb, S.; Jalil, F.; Imran, M.; Ma, N,; Hussain, T.; Ali, M.; Rafiq, M.; Ma, K. (2018). 
Bacterial biofilm and associated infections. J Chin Med Assoc, 81(1),7-11.

Lent, K-H., Ibuka T., Wu, R-Y. and Geiman, T. A. (1977). Structure-antimicrobial activity relationships 
among the sesquiterpene lactones and related compounds. PhyChemistry, 16 (5), 1177-1181.

Lofa, A., Velasco, V., Gerding, M., López, M. D., Vallejos, D., Bonilla, A. M. and Logue, C. M. 
(2019).  Antibiotic‐resistant Staphylococcus aureus strains of swine origin: molecular typing and 
susceptibility to oregano (Origanum vulgare L.) essential oil and maqui [Aristotelia chilensis (Molina) 
Stuntz] extract. J Appl Microbiol. doi:10.1111/jam.14393 

Mattana, C.M., Cangiano, M.A., Satorres, S.E., Alcaráz, L.E. and Laciar, A.L. (2016). Potential 
genotoxicity of Zinnia peruviana extract. PhOL, 30 (2), 72-80.

Merghni, A., Noumi, E., Hadded, O., Dridi, N., Panwar, H., Ceylan, O., Mastouri, M., Snoussi, M. (2018). 
Assessment of the Antibiofilm and Antiquorum sensing activities of Eucalyptus Globulus essential 
oil and its Main component 1, 8-cineole against methicillin-resistant Staphylococcus aureus strains. 
Microb Pathog, 118,74-80.



Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Capítulo 4 49

Mohamed, A.M., Salinas, A., Mattana, C., Satorres, S., Ortega, C., Favier, L. and Cifuente, D.A. (2017). 
Improving in the antibacterial activity and the antioxidant properties of chemically modified extracts 
of Zinnia peruviana. PhOL, 2 (1), 162-168.

Mohamed, A.M., Cifuente, D. and Mattana, C. (2018). Anti-Listeria activity of natural products single 
and mixed obtained from native plants of Argentina. PhOL, 3, 150-160. 

Namasivayam, S. K. R., Beninton, B., Christo, B. , Karthigai,S. M., Arun Muthu Kumar, K., and Deepak, 
K. (2013). Anti-biofilm effect of biogenic silver nanoparticles coated medical devices against biofilm 
of clinical isolate of Staphylococcus aureus. Globl J Med Res, 13 (3), 1-7.

Parsek, M.R. and Singh, P.K. (2003). Bacterial biofilms: an emerging link to disease pathogenesis. 
Annual Review of Microbiology, 57, 677-701.

Sakarikou, C., Kostoglou, D., Simões, M. and Giaouris, E. (2019). Exploitation of plant extracts and 
phytochemicals against resistant Salmonella spp. in biofilms. Food Res Int, 128, 108806. doi:10.1016/j.
foodres.2019.108806. 

Sandasi, M.; Leonard, C.; Viljoen, A. (2010). The in vitro Antibiofilm activity of selected culinary herbs 
and medicinal plants against Listeria monocytogenes. Lett Appl Microbiol, 50(1):30-35.

Sandasi M, Leonard C, Van Vuuren S, Viljoen A. (2011). Peppermint (Mentha Piperita) inhibits microbial 
biofilms In Vitro. S Afr J Bot, 77(1),80-85.

Satorres, S.E., Chiaramello, A.I., Tonn, C.E. and Laciar, A.L. (2012). Antibacterial activity of organic 
extracts from Zinnia peruviana (L.) against gram-positive and gram-negative bacteria. Emir J Food 
Agric, 24 (4), 344-347.

Sharma, D., Misba, L. and Khan, A. U. (2019) Antibiotics versus biofilm: an emerging battleground in 
microbial communities. Antimicrob Resist Infect Control, 8 (1). doi:10.1186/s13756-019-0533-3. 

Simoes,L. C., Simoes,M., and Vieira, M. J.(2007). Biofilm interactions between distinct bacterial genera 
isolated from drinking water. Appl Environ Microbiol, 73 (19), 6192-6200.

Subramaniam, S., Keerthiraja, M. and Sivasubramanian, A. (2014). Synergistic antibacterial action of 
β-sitosterol-d-glucopyranoside isolated from Desmostachya bipinnata leaves with antibiotics against 
common human pathogens. Rev Bras Farma, 24 (1), 44-50. doi:10.1590/0102-695x20142413348. 

Sun, F., Qu, F, Ling, Y. (2013). Biofilm-associated infections: antibiotic resistance and novel therapeutic 
strategies. Future Microbiology, 8 (7), 877-886. 

Tiwari, M.; Donelli, G.; Tiwari, V. (2018). Strategies for combating bacterial biofilms: afocus on anti-
biofilm agents and their mechanisms of action au - Roy, Ranita. Virulence, 9 (1), 522-554.

Vasudevan, R. (2014). Biofilms: microbial cities of scientific significance. J Microbiol Exp, 1(3), 84-98.



Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Sobre o Organizador 206

SOBRE O ORGANIZADOR

Manuel Simões é licenciado em Engenharia Biológica e doutorado em 

Engenharia Química e Biológica. Atualmente é Professor Associado com Agregação 

e Pró-Diretor da Faculdade de Engenharia da Universidade do Porto (FEUP), 

e investigador sénior do Laboratório de Engenharia de Processos, Ambiente, 

Biotecnologia e Energia (LEPABE) do Departamento de Engenharia Química da FEUP. 

Nos últimos anos esteve envolvido em 10 projetos nacionais (5 como investigador 

principal) e 6 projetos europeus. Foi membro do comité de gestão da ação COST 

BACFOODNET (Rede Europeia para Mitigação da Colonização e Persistência 

Bacteriana em Alimentos e Ambientes de Processamento de Alimentos) e esteve 

envolvido em outras 2 ações: iPROMEDAI e MUTALIG. Manuel Simões tem mais 

de 190 artigos publicados em revistas indexadas no Journal of Citation Reports, 4 

livros (1 como autor e 3 como editor) e mais de 40 capítulos em livros. Ele é Editor 

Associado para o jornal Biofouling - The Journal of Bioadhesion and Biofilm Research 

(o periódico mais antigo sobre pesquisa em biofilme), Editor Associado para o jornal 

Frontiers in Microbiology e Section Editor-in-Chief para o jornal Antibiotics. Seus 

principais interesses de pesquisa estão focados nos mecanismos de formação de 

biofilme e seu controlo com agentes antimicrobianos, particularmente usando novas 

moléculas antimicrobianas, e no uso de microalgas para tratamento de efluentes. É 

um dos investigadores mais citados do mundo (top 1%), tendo sido distinguido nos 

últimos dois anos no índice Essential Science Indicators, um dos mais prestigiados 

indicadores da qualidade de investigação.

Identificação SCOPUS: 55608338000; Nº orcid: 0000-0002-3355-4398

https://orcid.org/0000-0002-3355-4398


Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Índice Remissivo 207

ÍNDICE REMISSIVO

A

Acetonic root extract  41

Aguas de maquinado de aceitunas  96, 99

Aplicaciones biomédicas  16, 17, 21

Áreas preservadas  74

B

Biochar  110, 111, 113, 114, 115, 116, 120, 121, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 

135, 136, 137, 139, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153

Biodiversidade aquática  74

Bioética  199, 200, 201, 204, 205

Biofilme  190, 191, 192, 193, 194, 195, 196

Biopelículas  41, 154, 155, 156, 157, 158, 159, 160, 161

Biorremediación  96, 98, 102, 105, 106, 107, 108

C

Captura de carbono  112, 116, 132, 133, 134, 136, 145, 146, 147, 148, 151, 153

Carbono orgánico  110, 111, 115, 116, 122, 123, 126, 127, 128, 129, 130, 132, 135, 136, 137, 142, 

143, 144, 145, 150

Caries  28, 29, 30, 36, 37, 38, 39

Ciência e tecnologia multidisciplinar  190

Cobre  19, 50, 51, 52, 122, 153

Competencias  199, 200, 202, 203, 204, 205

D

Destinação  85, 87, 89, 90

Diabetes mellitus  1, 2, 3, 6, 11, 12, 13, 14, 15

Dormancy  177, 178, 179, 180, 183, 185, 186, 187, 188, 189

E

Efectos subletales  163, 172

Efluentes  96, 97, 98, 100, 102, 106, 107, 193

Ejercicio físico  62, 63, 66, 68, 70

Endometriosis  50, 51, 53, 58, 59, 60

Enfermedad cardiovascular  62, 63



Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Índice Remissivo 208

Enmienda orgánica  110, 111, 125, 126, 129

Enmiendas orgánicas  110, 111, 132, 133

Enterobacter cloacae  155, 156, 157, 159, 160, 161

Esmalte  28, 29, 30, 33, 34, 35, 36, 37

Espécies endêmicas  74, 75, 76, 78, 82

Estradiol  51, 52, 54, 55, 57, 59

Extrapolisacáridos  154, 155, 156

F

Factores de caries  29

Falta de gestão  85

G

Glicemia  1, 2, 5, 9, 12

H

Hidrochar  132, 133, 134, 135, 136, 137, 138, 139, 141, 143, 144, 145, 146, 147, 148, 149, 150

Hormona  1, 10, 11, 12, 51

I

Incorporación de efluentes  96

Insectos  163, 164, 165, 166, 167, 168, 171, 172, 173, 175

Insulina  1, 2, 3, 7, 8, 10, 11, 12, 13

J

Jatropha  48, 177, 178, 180, 184, 185, 186, 187, 188, 189

M

Medicina  1, 4, 11, 13, 18, 28, 61, 62, 66, 67, 72, 175, 199, 200, 201, 204, 205

Medio ambiente  62, 63, 64, 66, 69, 97

Microbial biofilms  41, 42, 49

Microbiologia aplicada  190

Microondas  132, 133, 134, 135, 141, 144, 150

Microorganismos nativos  96, 99, 102, 103, 104, 106, 107

N

Nanotubos de carbono  16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26



Estudos em Biociências e Biotecnologia: Desafios, Avanços e Possibilidades Índice Remissivo 209

P

Per capita  85, 86, 89, 91

Percepción  199, 200, 203, 204

Permeabilidad dentinal  29, 37

Phytohormones  178, 187

Pirolisis  110, 111, 113, 119, 120, 124, 125, 129, 130, 131, 132, 133, 134, 135, 141, 144, 150, 151, 153

Potencial zeta  17, 19, 21, 22, 24

Productividad  110, 111, 112, 117, 128, 129

R

Reología  17

Resíduo sólido  85, 88, 89, 91

Residuos olivícolas  155, 156, 160, 161, 162

Residuos orgánicos  89, 110, 111, 113, 117, 118, 125, 132, 133, 134, 148, 149, 150

Resistência antimicrobiana  190

S

Savana  74, 75, 77

Savana brasileira  74

Seeds  178, 179, 180, 182, 183, 184, 185, 186, 187, 188, 189

Sesquiterpenoides  163, 166, 167

Suero fetal bovino  16, 17, 18, 19, 20, 21, 25

T

Tetratiomolibdato de amonio  50, 51, 52

Tipos de esmalte  29

Toxicidad  41, 163, 164, 168, 169, 174

Tratamiento hidrotermal  132, 133

V

Vernonieae  163, 166, 167, 168, 172, 173, 176

Z

Zinnia peruviana  40, 41, 43, 44, 46, 48, 49


	00_Folha de  Créditos_Educação e Ensino na Era da Informação__PÁGINA 1_Vol II_16x23.pdf
	Conselho Editorial

	00_Folha de  Créditos_Biociências_PÁGINA 1_16x23.pdf
	Conselho Editorial




