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Abstract: The Asteraceae family is the largest family of flowering plants, comprising over
25,000 species grouped into 16,000 genera and distributed around the world. This research aimed
to evaluate the antibacterial effectiveness of 12 native plants from the Asteraceae family. Their
efficacy was tested against 11 bacterial strains using the liquid microdilution technique to de-
termine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC). MIC values ranged from 0.125 to 4 mg/mL, and MBC values ranged from 0.25 to 4 mg/mL,
against six bacterial strains. These results describe the potential antibacterial activity attributes of
Asteraceae species.
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1. Introduction

Asteraceae is the world’s largest flowering plant family, with 1700 genera structured
into 17 tribes [1]. In total, 26,000 different plant species are represented in the global
distribution [2], 750 of which are native to Madagascar [3]. These plants flowers and
leaves have been shown to have antibacterial, antifungal, antiviral, and anti-inflammatory
activities [4]. For this reason, many different species in this family are used in traditional
medicine. Plants in this study such as eleven species of Helichrysum and one species
of Catatia are used in Malagasy traditional medicine. The aims of this study were to
demonstrate that these plants from Asteraceae had antibacterial activity and could be a
source of antibacterial agents. To reach that goal, the antibacterial activities of these plant
extracts against 11 strains were evaluated using the microdilution method.

2. Materials and Methods

The plant materials used consisted of the aerial parts of Helichrysum bojeranum, He-
lichrysum chermezonii, Helichrysum cordifolium, Helichrysum cryptomerioides, Helichrysum
dubardii, Helichrysum faradifani, Helichrysum fulvescens, Helichrysum gymnocephalum, He-
lichrysum hirtum, Helichrysum microcephalum, Helichrysum mutisiaefolium, and Catatia cordata.
These plants were collected and identified by researchers at the Department of Enthob-
otany and Botany of the National Centre for the Application of Pharmaceutical Research
(CNARP), Madagascar (Figure S1 in Supplementary Material). The voucher specimens
were deposited at the herbarium of the aforementioned department. The harvested aerial
parts were dried in a ventilated room at 30 ◦C and then ground into powder.

The aerial parts were extracted via maceration with methanol for 24 h at room temper-
ature until exhaustion.
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The broth microdilution method was used to determine the MIC (minimum inhibitory
concentration) values in 96-well plates [5]. All methanolic extracts were assessed against
five Gram-positive (Bacillus cereus LMG6910, Bacillus megaterium ATCC8145, Listeria mono-
cytogenes ATCC19114TM, Staphylococcus aureus ATCC11632, and Streptococcus pneumo-
niae ATCC6301) and six Gram-negative (Enterobacter cloacae ATCC13047, Escherichia coli
ATCC8739, Klebsella oxytoca ATCC8721, Proteus mirabilis ATCC35659, Pseudomonas aerugi-
nosa ATCC10145, and Salmonella enteritidis ATCC3710) bacteria. All extracts were two-fold
serially diluted using Muller–Hinton broth in the wells of the microtitration plates (from 4
to 0.0019 mg/mL), and the bacterial suspensions were then added (1.5 × 107 bacteria/mL),
followed by overnight incubation at 37 ◦C. The MIC value was obtained by identifying the
lowest concentration of the test sample that inhibited visible bacterial growth. The MBC
value corresponded to the lowest concentration of the test sample that can kill bacteria, so
no bacterial growth would be observed on the agar.

3. Results

The Asteraceae family is the most diverse and globally present of all flowering plant
families. Their extracts have been proven in studies to have an effect on bacterial growth [6].
Table 1 shows the MICs and MBCs of each plant’s extract. Extracts of H. microcephalum and
H. dubardii were ineffective against all strains tested. Extracts of H. bojeranum, H. cordifolium,
H. chermezonii, H. faradifani, H. fulvescens, H. gymnocephalum, H. hirtum, H. mutisiaefolium,
and C. cordata were active against two Gram-negative strains (E. cloacae and P. mirabilis) and
four Gram-positive strains (L. monocytogenes, B. cereus, B. megaterium, and S. pneumoniae),
but they are inactive against other strains such as S. aureus, E. coli, P. aeruginosa, K. oxytoca,
and S. enteritidis. These MICs against Gram-positive strains were between 0.125 and
4 mg/mL, but their MBC ranged from 0.25 to 4 mg/mL. According to Marmonier [7], if
the MBC/MIC is ≤4, the extract is bactericidal, and if the MBC/MIC is >4 is bacteriostatic.
Thus, extracts of H. bojeranum, H. faradifani, H. fulvescens, and H. gymnocephalum have
bactericidal activity against two Gram-negative strains and four Gram-positive strains.
E. cloacae was sensitive to H. chermezonii extract with bacteriostatic action. H. cordifolium
extract is bactericidal against three Gram-positive strains (L. monocytogenes, S. pneumoniae,
and B. megaterium), although it reveals bacteriostatic activity against P. mirabilis. Also, H.
hirtum extract is bactericidal against four strains (two Gram-positive strains: B. cereus and
L. monocytogenes; and two Gram-negative strains: E. cloacae and P. mirabilis) and shows
bacteriostatic activity against B. megaterium. H. mutisiaefolium extract was found to be
bactericidal against L. monocytogenes, a Gram-positive strain. C. cordata extract revealed
bacteriostatic activity against L. monocytogenes and bactericidal activity against five strains
(B. cereus, B. megaterium, S. pneumonia, E. cloacae, and P. mirabilis).

Table 1. Minimal inhibitory concentration (I) and minimum bactericidal concentration (B) of extracts
from some Asteraceae species on six microorganisms.

Organism B. cereus B. megaterium L. monocytogenes S. pneumoniae E. cloacae P. mirabilis

I * B * B/I I B B/I I B B/I I B B/I I B B/I I B B/I

C. cordata 1 2 2 1 4 4 0.25 4 16 2 1 0.5 1 2 2 1 4 4
H.
bojeranum 2 4 2 2 4 2 2 4 2 - - - 2 4 2 2 4 2

H. cherme-
zonii - - - - - - - - - - - - 2 4 2 - - -

H. cordi-
folium - - - 1 2 2 0.125 0.25 2 2 1 2 - - - 0.125 2 16
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Table 1. Cont.

Organism B. cereus B. megaterium L. monocytogenes S. pneumoniae E. cloacae P. mirabilis

I * B * B/I I B B/I I B B/I I B B/I I B B/I I B B/I

H.
cryptomeri-
oides

4 - - - - - - - - - - - - - - 4 - -

H.
dubardii 4 - - 4 - - - - - - - - 4 - - 4 - -

H.
faradifani 1 4 4 1 4 4 0.25 2 8 2 1 0.5 1 2 2 1 4 4

H.
fulvescens 2 4 2 - - - 1 2 2 2 1 0.5 2 4 2 2 4 2

H. gymno-
cephalum 2 4 2 4 - - 2 4 2 4 - - 2 4 2 2 4 2

H. hirtum 2 4 2 0.5 4 8 1 2 2 - - - 1 4 4 2 4 2
H. micro-
cephalum - - - - - - - - - - - - - - - - - -

H. mutisi-
aefolium - - - 4 - - 2 4 2 - - - - - - - - -

I = MIC: minimal inhibitory concentration, B = MBC: minimum bactericidal concentration, * concentration in
mg/mL.

4. Discussion

This research conducted by Boubekeur et al. [8] on the aqueous extract of Helichrysum
stoechas prepared via maceration; its MIC on K. pneumonia is only 1.250 to 5 mg/mL and is
inactive against E. coli, S. aureus, and B. cereus. Bactericidal activity against B. cereus and L.
monocytogenes was reported in wild edible Asteraceae from Mediterranean flora (Reichardia
picroides, Hymenonema graecum, Sonchus oleraceus, Scolymus hispanicus, Hedypnois cretica,
Picris echioides, Urospermum picroides, and Taraxacum sp., with MIC values varying from
0.075 to 0.3 mg/mL) [9], the same as our extracts (C. cordata, H. bojeranum, H. faradifani, H.
fulvescens, H. gymnocephalum, and H. hirtum, with MIC values ranging from 1 to 4 mg/mL)
that have bactericidal activity against these strains, with B. cereus and L. monocytogenes.
However, according to Kuete and Efferth [10], a scale for antibacterial activity is given
for plant extracts. It is said that extracts are significantly active if their MIC values are
≤100 µg/mL, moderately active if 100 < MIC ≤ 625 µg /mL, and weakly active if the MIC is
>625 µg/mL. Therefore, H. cordifolium, H. faradifani, and C. cordata are moderately active on
L. monocytogenes. The other extracts are weakly active on the strains tested. Nevertheless,
it should be stated that plants show contrasting antibacterial activities due to differences in
species, producing areas, harvest seasons, parts used, and extraction methods. Compared
to chemical antibacterial agents, herbal products show low efficiency for bacteriostasis and
sterilization, as well as poor antibacterial specificity.

5. Conclusions

The results show the Helichrysum and Catatia species, among the Asteraceae family,
endemic to Madagascar have antibacterial activity. Even with the weak activities of most
of the extracts studied, there is still a need to isolate and identify more small molecular
compounds with potent bioactivity within those extracts. Undeniably, medicinal phyto-
chemicals will play an important role in future discoveries of new drugs; nonetheless, only
a small percentage of them have been studied.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ECM2023-16410/s1, Figure S1: Species collection sites.

Author Contributions: Conceptualization, N.R. and R.R.; methodology, V.R.; validation, V.R. and
R.R.; investigation, A.R. and R.R.; resources, N.R. and R.R.; data curation, A.R.; writing—original
draft preparation, A.R., N.R. and R.R.; visualization, A.R.; supervision, N.R.; project administration,
N.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/ECM2023-16410/s1
https://www.mdpi.com/article/10.3390/ECM2023-16410/s1


Biol. Life Sci. Forum 2024, 31, 25 4 of 4

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data will be provided on request.

Acknowledgments: We would like to thank Rakotonandrasana S, Rakotondrafara A., and Rako-
toarisoa M. for support with plant collection and identification. Thanks to Andrianary E. for the
collection map conception.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Mandel, J.R.; Dikow, R.B.; Siniscalchi, C.M.; Thapa, R.; Watson, L.; Funk, V.A. Compositae Phylogenomics. In Proceedings of the

Evolution of Compositae in a Global Context; Botanical Society of America, Quito, Ecuador, 21–28 October 2018; p. 5.
2. Mandel, J.R.; Barker, M.S.; Bayer, R.J.; Dikow, R.B.; Gao, T.-G.; Jones, K.E.; Keeley, S.; Kilian, N.; Ma, H.; Siniscalchi, C.M.; et al.

The Compositae Tree of Life in the Age of Phylogenomics. J. Syst. Evol. 2017, 55, 405–410. [CrossRef]
3. Humbert, H. Composées; Flore de Madagascar et des Comores; Muséum National d’Histoire Naturelle: Paris, France, 1963; Volume

3, p. 289.
4. Rolnik, A.; Olas, B. The Plants of the Asteraceae Family as Agents in the Protection of Human Health. Int. J. Mol. Sci. 2021, 22,

3009. [CrossRef] [PubMed]
5. Moroh, J.L.A.; Bahi, C.; Dje, K.; Loukou, Y.G.; Guede-Guina, F. Étude de l’activité Antibactérienne de l’extrait Acétatique (EAC)

de Morinda Morindoides (Baker) Milne-Redheat (Rubiaceae) Sur La Croissance in-vitro Des Souches d’Escherichia Coli. Bull.
Société R. Sci. Liège 2008, 77, 44–61.

6. Callmander, M.W.; Phillipson, P.B. The Genus Vernoniopsis Humbert (Asteraceae) in Madagascar. Candollea 2011, 66, 409–412,
ISBN/ISSN 0373-2967. [CrossRef]

7. Marmonier, A.A. Bactériologie Médicale, Techniques Usuelles. In Introduction Aux Techniques D’étude Des Antibiotiques;
Bactériologie Médicale; Doin: Paris, France, 1990; pp. 227–236.

8. Boubekeur, H.; Rebbas, K.; Belhattab, R. Activités antioxydante et antibactérienne des extraits d’Helichrysum stoechas (L.) Moench.
Phytothérapie 2018, 16, 122–132. [CrossRef]

9. Petropoulos, S.A.; Fernandes, Â.; Tzortzakis, N.; Sokovic, M.; Ciric, A.; Barros, L.; Ferreira, I.C.F.R. Bioactive Compounds Content
and Antimicrobial Activities of Wild Edible Asteraceae Species of the Mediterranean Flora under Commercial Cultivation
Conditions. Food Res. Int. 2019, 119, 859–868. [CrossRef] [PubMed]

10. Kuete, V.; Efferth, T. Cameroonian Medicinal Plants: Pharmacology and Derived Natural Products. Front. Pharmacol. 2010, 1, 123.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/jse.12265
https://doi.org/10.3390/ijms22063009
https://www.ncbi.nlm.nih.gov/pubmed/33809449
https://doi.org/10.15553/c2011v662a21
https://doi.org/10.3166/phyto-2018-0043
https://doi.org/10.1016/j.foodres.2018.10.069
https://www.ncbi.nlm.nih.gov/pubmed/30884726
https://doi.org/10.3389/fphar.2010.00123
https://www.ncbi.nlm.nih.gov/pubmed/21833168

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

