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Abstract 
___________________________________________________________________________________________________________________ 

Background: Mirabilis jalapa is a perennial herbaceous bushy plant with several pharmacological 
activities, such as anti-diabetic, anti-inflammatory, anti-oxidative, anti-bacterial, anti-microbial, anti-
fungal, anti-viral, diuretic and anthelmintic. Wound infections are a major public health concern in 
Rwanda, with 8% of the general population having difficulties controlling them and 25% of those 
above 60 years old. Traditional medicine is used to treat many conditions such as chest infections, 
coughs, snake-bites and burns. Mirabilis jalapa seeds have been reported to be effective against 
bacteria causing wound infections.  Aim: This study evaluated the antibacterial activity of Mirabilis 
jalapa leaves extract against infected wound bacteria from patients attending Rango Health Center.  

Methods: Cross sectional study design and maceration method was used in Mirabilis jalapa leaves 
extraction with Methanol, Ethanol, Diethyl ether and Distilled water as solvents.  

Results: Different extracts were obtained according to the solvents with different volumes and 
concentrations. The highest extract volume obtained was Distilled water with 6 ml and the least was 
Diethyl ether with 2.7 ml. In 71 participants who had wound infection, 42% had a bacterial infection. 
Among them, 25% had Staphylococcus aureus, 7% had Klebsiella pneumoniae, 6% had Escherichia coli, 
and 4% had Pseudomonas aeruginosa. Through the agar well diffusion method, Methanol extracts 
showed the highest inhibition zones while distilled water extracts exhibited the lowest inhibition 
zones to the isolated bacteria.  

Conclusion: The study confirms the antibacterial activity of the Mirabilis jalapa leaves extract against 
infected wound bacteria, with methanol and ethanol being the best solvents. 
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INTRODUCTION 

Mirabilis jalapa is a perennial herbaceous bushy plant which 
belongs to the Nyctaginaceae family and 
can grow up to one meter.1 It was named by Carl Von Linne in 
1753, from the scientific Latin words, Mirabilis meaning 
"admirable" by allusion to the remarkable colors of its flowers.2 
It has worldwide distribution and the whole plant was reported 
to have several pharmacological activities including anti-
diabetic, anti-inflammatory, anti-oxidative, anti-bacterial, anti-
microbial, anti-fungal, anti-viral, diuretic, anthelmintic and is 
also effective against urinary tract disorders.3 Parts of Mirabilis 
jalapa are used in the treatment of different diseases. Roots are 
used traditionally for allergic skin disorders and asthma. Stems 
are used in treating grand mal seizures. Flowers are used to 
treat herpes lesions, earaches, skin infections, infected wounds, 
bee and scorpion stings. The seed powder is used externally to 
treat infected wounds. Leaves are used in different treatments. 
A leaf infusion is applied topically to reduce swelling after bone 

fracture and is also used in inflammation, boils and emetic 
conditions.4 

Injuries are one of the major causes of wounds. due to the high 
prevalence of injuries and antimicrobial resistance has been 
associated with many currently used antibiotics, The 
identification of alternative agents for wound healing is 
paramount. According to the world health organization (WHO), 
injuries cause 4.4 million deaths around the world each year 
and constitute 8% of all deaths.5 The WHO indicates that high 
rates of microbial resistance against antibiotics are frequently 
observed worldwide among common bacterial infections that 
include; urinary tract infections, wound infections, sepsis and 
others. The rate of resistance to ciprofloxacin varies from 8.4% 
to 92.9% for Escherichia coli and from 4.1% to 79.4% for 
Klebsiella pneumoniae. Resistance to antibiotics has adverse 
effects on treatment where for example, people with 
methicillin-resistant Staphylococcus aureus (MRSA) infections 
are 64% more likely to die from infection complications than 
people with drug-sensitive infections.6 

http://jddtonline.info/
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Mirabiris jalapa parts including leaves are potential candidates 
to overcome the challenges of antimicrobial resistance. 
Mirabilis jalapa flowers have the potential for wound healing. 
Flowers have flavonoids which limit the number of free radicals 
thus preventing excessive tissue damage in the inflammatory 
phase and also contain β-sitosterol-D-glucoside.  

This natural estrogenic steroid maintains moisture in the 
wound area, promoting cell growth.  In the inflammatory phase, 
β-sitosterol limits the amount of prostacyclin, thereby 
accelerating the inflammatory phase7 and the most common 
bacterial species that are known to cause wound infection are 
Staphylococcus aureus, Pseudomonas aeruginosa, Proteus 
mirabilis, Escherichia coli, and Corynebacterium spp.8 

In Rwanda, traditional medicine mainly uses plants in 
treatment. Gynandropsis gynandra (isogi), fresh leaves are used 
for chest infections. Tetradenia riparia (umuravumba), leaf 
juice is used to treat coughs. Pennisetum purpureum 
Schum(urubingo) is applied on snake-bite and burns.9 Though 
Mirabilis jalapa seeds are used in wound treatment, little is 
known about the effect of Mirabilis jalapa leaves on wound 
infections. Therefore, this study aimed to evaluate the 
antibacterial activity of Mirabilis jalapa leaves extract against 
bacteria from infected wounds from patients attending Rango 
Health Center to generate knowledge and guidance on their 
pharmacological activity and leaves are abundantly available. 

METHODOLOGY 

Study Area 

This study was conducted at Rango Health Center located at 
Rango B cell, Tumba sector, Huye district in the southern 
province of Rwanda. The centre is a public health institution 
that serves many patients including those with wound 
infections.  

Study Design 

A cross-sectional study design was used in this study. The 
wound swab samples were processed and analyzed in UR Huye 
biotechnology laboratory complex located in Huye District, 
Ngoma Sector, Butare Cell, Mamba Village. 

Study Population 

Participants who visited Rango Health Center’s minor surgery 
ward for the treatment of wound infections in the period of data 
collection voluntarily provided consent from themselves or 
through guardians.  

Study Sample 

Wound swabs were obtained from 71 participants and the 
sample size was determined using Daniel`s formula: 

Data collection methods and procedure  

Collection and Treatment of Mirabilis Jalapa Leaves 

Mirabilis jalapa leaves were collected from the Arboretum 
Forest of the University of Rwanda, Huye campus, Huye district, 
the southern province of Rwanda after being confirmed by 
Botanist from Agroforestry Department and put in a plastic 
container to be transported to the University of Rwanda Huye 
Biotechnology Complex Laboratory. In the laboratory, leaves 
were washed under running tap water to remove all traces of 
dust and insects followed by drying in a drying oven for four 
days at 40oc. The dried leaves were removed and ground using 
ZM 200 Ultra Centrifugal Mill, Retsch to obtain powder which 
was stored in the screw-cupped container at room temperature 
to be used for extraction. 

 

 

Extract preparation 

This study employed the maceration method of extraction 
according to Tambun et al. where Ethanol, Methanol, Diethyl 
ether and Distilled water were used as extraction solvents.10 
The dried ground leaves were weighed using an electrical 
balance, with a sensitivity of 0.0001g and a 10%W/V mixture 
(70g of powder was mixed with 700ml of each solvent) was 
prepared in a beaker and then covered tightly with Aluminium 
foil to make an initial concentration of 0.1 g/ml. The mixtures 
were left at room temperature for 24 hours with continuous 
agitation using an orbital shaker / OS-340C at 60rpm and was 
subsequently filtered using a Whatman filter paper of 11 µ pore 
size to obtain filtrates which were by evaporation using RE-100 
Pro Rotary Evaporator at 400C for 4 hours. After 3.5 to 4 hours, 
the presence of green color in the evaporates was checked to 
determine the completeness of evaporation procedures.  The 
obtained extracts were stored in a refrigerator for further 
analysis. 

Preparation of culture media 

Routinely used microbiological culture media like MacConkey 
Agar (MAC), Blood Agar, Mueller Hinton Agar, Kilgrer Iron Agar, 
Simmon’s citrate agar, Sulfur Indole Motility agar and Mannitol 
Salt Agar were prepared according to their manufacturers’ 
instructions and were stored in the refrigerator (20 C to 80C) for 
future use. 

Collection of samples 

After receiving written consent from each participant wound 
swabs were collected using a Sterile Cotton Tip Applicator, 
Fusion Biotech and put in a sterilized centrifugation tube 
containing normal saline as a transport media. The tubes were 
transported in a cooler box containing ice packs with 
temperature monitoring of between 2-8oC to UR Biotechnology 
Complex Laboratory in the Microbiology department for 
immediate analysis.  

Culturing and Identification 

The wound swabs were initially cultured on Mannitol salt agar, 
MacConkey and blood agar and incubated for 24 hours at 37oc. 
The growth of bacteria was observed after 24 hours followed by 
a sub-culturing and biochemical test for bacterial identification 
on positive cultures. A coagulase test was done on bacterial 
colonies grown on Mannitol Salt Agar to identify Staphylococcus 
aureus while bacteria grown on Mac Conkey were sub-cultured 
on KIA, SIM and Simmon citrate agar to differentiate 
Enterobacteriaceae species. In addition, bacteria grown on 
Blood Agar were tested for their catalase and coagulase 
activities to single out Staphylococcus aureus from coagulase-
negative bacteria. The following day, sub-cultured media were 
interpreted and positive Klebsiella pneumoniae was isolated 
from a positive Simmon citrate whereas a positive indole test 
helped to identify Escherichia coli from Enterobacteriaceae and 
a positive oxidase test was used to identify Pseudomonas 
aeruginosa. 

Preparation of Bacterial Suspension  

The bacterial suspension was prepared according to SOP 10 
version 009 in the bacteriology department at UR 
biotechnology complex laboratory. In this procedure, a single 
colony was taken from a cultured media with aid of a sterile 
wire loop and transferred into 4 ml of sterile normal saline in a 
durham tube and the mixture was compared to 0.5 McFarland 
Turbidity Standard solution. Adjustments were done where 
needed to obtain an ideal suspension to be used On Muller 
Hinton agar media. 
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Antibacterial activity testing of Leaf Extracts  

The agar well and Kirby Bauer diffusion techniques were used 
in this study. To begin with, a pure bacterial suspension was 
inoculated onto Mueller-Hinton agar by spreading. Then, a 
sterile pipette tip was used to create 4 wells of an estimated 
6mm in diameter and 3mm in depth on the media following 
microbiological aseptic conditions. Thereafter 50 µL of each 
extract were placed into each of the created wells.11   

In addition, antibiotic discs were used to control the 
interpretation of the antibacterial activity of Mirabilis jalapa 
leaves extract using the Kirby Bauer diffusion technique where 
Tetracycline and Oxacillin were used for gram-positive bacteria 
while Gentamicin, Ciprofloxacin and Amikacin were used for 
gram-negative bacteria. The diameter of the clear zone around 
the disc was measured and the results were interpreted as 
Sensitive, Intermediate, or Resistant according to CLSI 2023 
recommendations.12  

Data Analysis 

The data were entered into a Microsoft Excel database, version 
2016 (16.0.4266.1001 version) and then imported into SPSS 
analyzing tool version 22.0.0.0 for statistical analysis. The 
results of isolated bacteria, the concentration of extracts and 
the antimicrobial activity of Mirabilis jalapa were presented 
using tables and graphs. 

RESULTS 

Common Bacteria Isolated from Wound Infections 

The study included 71 participants, 24 of whom were female 
(34%), and 47 of whom were male (66%). Of these participants 
41 (58%) showed no bacterial growth and 30 (42%) swabs 
showed bacterial growth. Among those who tested positive, 18 
(25%) had Staphylococcus aureus, 5 (7%) had Klebsiella 
pneumoniae, 4 (6%) had Escherichia coli, and 3 (4%) had 
Pseudomonas aeruginosa. Figure 1 depicts the most common 
bacteria isolated on participants’ pus swabs and their 
prevalence.

 

 

Figure 1. Common bacteria isolated from wound infections (n=71) and their Prevalence. 

 

Antibacterial activity of Mirabilis Jalapa Leaves Extracts 

According to Figure 2 which illustrates the Mean antibacterial 
activity of Mirabilis jalapa leaves extracts, Methanol extracts 
had inhibition zones on Staphylococcus aureus of between 26-
33mm (x̄ = 30 mm) followed by ethanol extracts with inhibition 
zones of between 20-28mm (x̄ = 25 mm). Diethyl ether extracts 
had inhibition zones of between 10-15mm (x̄ = 12 mm) while 
the lowest inhibition was seen on distilled water extracts with 
between 8-12mm (x̄ = 10 mm). In addition, the range of 
inhibition zones for Klebsiella pneumoniae varied from between 
18-22mm (x̄ = 20 mm) for methanol and ethanol extracts to 
between 8-11mm (x̄ = 10 mm) and between 6-8mm (x̄ = 70 
mm) of diethyl ether and distilled water extracts respectively. 
Furthermore, the range inhibition zones for Escherichia coli for 
methanol and ethanol extracts were between 15-21 mm with a 

mean of 20 mm and 17mm respectively while diethyl ether and 
distilled water extract inhibited the growth of bacteria by 9-13 
mm (x̄ = 11 mm) and 6-7 mm (x̄ = 6 mm) respectively.  Lastly, 
the range inhibition zones on Pseudomonas aeruginosa were 
significant for methanol and ethanol extract with 21-23 mm (x̄ 
= 22mm) and 18-20 mm (x̄ = 19 mm) respectively. Diethyl ether 
extract inhibited the growth of bacteria by 7-10 mm (x̄ = 9 mm) 
while inhibition for distilled water extracts was 6-8mm (x̄ = 7 
mm).  

With regards to the control antibiotic discs used, all gram-
negative bacteria were sensitive to Ciprofloxacin, Amikacin, and 
Gentamicin, except Pseudomonas aeruginosa, which was 
intermediate for Gentamicin. Tetracycline and Oxacillin was 
effective against Staphylococcus aureus.
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Figure 2. Mean antibacterial activity of Mirabilis jalapa leaves extracts 

Mirabilis Jalapa Leaves Extraction Output 

Mirabilis jalapa leaves extraction and its antimicrobial activity 
analysis involved varieties of different methods and were used 
in the present study. Different extracts were obtained according 
to the Table 3 with different volumes and concentrations. The 
highest extract volume obtained was Distilled water with 6 ml 
(11.6g/ml) followed by Methanol and Ethanol extracts with 5.2 
ml (13.4 g/ml) and 4 ml (17.5g/ml) respectively while the least 
extract volume was Diethyl ether with 2.7 ml (25.9 g/ml). The 
table below represents the obtained results from each extract. 

Table 3: Types of solvents used for plant extracts, volume and 
their final concentration. 

Solvent Obtained volume    
in ml 

Concentration         
in g/ml 

Methanol 5.2 13.4 

Ethanol 4 17.5 

Diethyl ether 2.7 25.9 

Distilled water 6 11.6 

 

DISCUSSION 

Antimicrobial activity and plant extraction require studies in 
various solvents and numerous laboratory techniques which 
implied that different solvents needed to be used in this study. 
Diethyl ether was chosen as a solvent because of its low 
solubility in water. Distilled water was used and preferred due 
to its solubility in a wide range of substances, nontoxicity, 
nonflammability, and availability, as well as its high polarity and 
lack of impurities such as dissolved ions and the possibility of 
side reactions interfering with the results.13 Because methanol 
is miscible with water, it was chosen as the most effective 
solvent for the extraction. It could extract polar secondary 
metabolites and required only a small amount of heat to 
concentrate the extract.14 Ethanol retrieves a large amount of 
oil from the plant and evaporates completely.15 

The results revealed that different solvents resulted in different 
extraction yields. This is because differences in the polarity of 
the extraction solvents can result in a wide range of bioactive 
compound levels in the extract.16 When compared to Diethyl 

ether, distilled water extract, methanolic extract, and ethanolic 
extract had higher extraction yields, indicating that the 
extraction efficiency favors polar solvents.17 In comparison to 
the other extracts used, distilled water extract had the highest 
yield (33.5%), contrary to reports by Truong et al., who found 
that Methanolic extract had the highest yield.18 Diethyl ether 
extract had the lowest yield (15.08%), the same as reported by 
Abubakar and Haque, because it is highly volatile and 
evaporated during the experiments.16  

In contrast to the current study, Klebsiella pneumoniae was not 
isolated in the study conducted by Bessa et al19 whereas the 
same strains were isolated from wounds in the study conducted 
by Esebelahie et al. on aerobic bacterial isolates from infected 
wounds where Staphylococcus aureus had the highest 
prevalence, and Pseudomonas aeruginosa had the lowest.20 The 
results showed that some extracts of Mirabilis jalapa leaves 
were significantly effective against the bacteria tested. In 
contrast to P. Poovendran's study, which found that ethanolic 
extract had high antibacterial activities,21 the current study 
found that methanol extracts had higher antibacterial activities 
for all isolated bacteria. The same study found similar results 
with distilled water extract by demonstrating low antibacterial 
activity.22 Staphylococcus aureus was sensitive to methanol and 
ethanol extracts when compared to control antibiotic discs, but 
resistant to diethyl ether and distilled water extracts. In 
addition, these extracts were sensitive to all gram-negative 
bacteria, whereas Diethyl ether and Distilled water extracts 
were resistant compared to Amikacin and Gentamicin control 
discs. Only methanol extracts were sensitive to Pseudomonas 
aeruginosa when compared to ciprofloxacin.  

CONCLUSION  

The current study confirms that Mirabilis jalapa leaf extract has 
antibacterial activity against bacteria from infected wounds. In 
comparison to other solvents, methanol and ethanol are 
effective solvents to use in Mirabilis jalapa leaves extraction 
because their extracts showed the highest antibacterial activity. 
Staphylococcus aureus, Klebsiella pneumonia, Escherichia coli, 
and Pseudomonas aeruginosa were the bacteria most associated 
with wound infections at Rango Health Center with 
Staphylococcus aureus the most prevalent while Pseudomonas 
aeruginosa was the least prevalent.  

 

30

25

12
10

20 20

10

7

20

17

11

6

22

19

9
7

METHANOL ETHANOL DIETHYL ETHER DISTILLED WATER

In
h

ib
it

io
n

 z
o

n
e

Extract solvent

Staphylococcus aureus Klebsiella pneumoniae Escherichia coli Pseudomonas aeroginosa



Nzabanterura et al.                                                                                                                        Journal of Drug Delivery & Therapeutics. 2024; 14(6):34-38 

ISSN: 2250-1177                                                                                            [38]                                                                                            CODEN (USA): JDDTAO 

REFERENCES 

1. Saha S, Deb J, Deb NK. Review on Mirabilis jalapa L., ( Nyctaginaceae 
): A medicinal plant. Int J Herb Med;2020;8(2):14-8. 

2. Singh M, Mittal SK, Kalia AN. Mirabilis Jalapa- A 
Review;2012;1(3):22-43. 

3. Ali Esmail Al-Snafi, Tayseer Ali Talab, Wajdi M. Jabbar, Ali M. 
Alqahtani. Chemical constituents and pharmacological activities of 
Mirabilis jalapa- A review. Int J Biol Pharm Sci Arch. 
2021;1(2):034-45. 
https://doi.org/10.30574/ijbpsa.2021.1.2.0303 

4. Muthumani M, Devi P, Meera R, Kameswari B, Eswarapriya B. In 
vitro antimicrobial activity of various extracts of Mirabilis jalapa 
leaves. Internet J Microbiol. 2010;7(2):559-64. 
https://doi.org/10.5580/fe6 

5. WHO. The magnitude and causes of injuries. Geneva World Heal 
Organ.2014;20. Available,from: 
http://www.who.int/violence_injury_prevention/media/news/20
15/Injury_violence_facts_2014/en/  

6. Iredell J. Antimicrobial resistance. Microbiol Aust. 2019;40(2):55-6. 
https://doi.org/10.1071/MA19016 

7. Puspasari P, Saputri FC. Effect of the water extract of the four 
o'clock herb (Mirabilis Jalapa L.) on the healing of open wounds in 
rats. Int J Appl Pharm. 2018;10(Special Issue 1):155-8. 
https://doi.org/10.22159/ijap.2018.v10s1.33 

8. Puca V, Marulli RZ, Grande R, Vitale I, Niro A, Molinaro G, et al. 
Microbial species isolated from infected wounds and 
antimicrobial resistance analysis: Data emerging from a three-
years retrospective study. Antibiotics. 2021;10(10). 
https://doi.org/10.3390/antibiotics10101162 PMid:34680743 
PMCid:PMC8532735 

9. Ramathal DC, Ngassapa OD. Medicinal plants used by Rwandese 
traditional healers in refugee camps in Tanzania. Pharm Biol. 
2001;39(2):132-7. https://doi.org/10.1076/phbi.39.2.132.6251 

10. Tambun R, Alexander V, Ginting Y. Performance comparison of 
maceration method, soxhletation method, and microwave-
assisted extraction in extracting active compounds from soursop 
leaves (Annona muricata): A review. IOP Conf Ser Mater Sci Eng. 
2021;1122(1):012095. https://doi.org/10.1088/1757-
899X/1122/1/012095 

11. Balouiri M, Sadiki M, Ibnsouda SK.Methods for in vitro evaluating 
antimicrobial activity: A review. J Pharm Anal [Internet]. 
2016;6(2):71-9. https://doi.org/10.1016/j.jpha.2015.11.005 
PMid:29403965 PMCid:PMC5762448 

12. Vaou N, Stavropoulou E, Voidarou C, Tsigalou C, Bezirtzoglou E. 
Towards advances in medicinal plant antimicrobial activity: A 
review study on challenges and future perspectives. 
Microorganisms. 2021;9(10):1-28. 

https://doi.org/10.3390/microorganisms9102041 
PMid:34683362 PMCid:PMC8541629 

13. European Parliament. Annex Part a : Methods for the 
Determination of Physicochemical Properties Available from: 
http://www.europarl.europa.eu/RegData/docs_autres_institution
s/commission_europeenne/comitologie/droit_de_reglementation
_avec_controle/2007/COM-AC_DRC(2007)CMT-2007-2696-
4_EN.pdf   

14. Sofowora A, Ogunbodede E, Onayade A. The role and place of 
medicinal plants in the strategies for disease prevention. Afr J 
Tradit Complement Altern Med. 2013;10(5):210-29. 
https://doi.org/10.4314/ajtcam.v10i5.2 PMid:24311829 
PMCid:PMC3847409 

15. Nanda BL, Antioxidant and anticancer activity of edible flowers, 
Journal of Drug Delivery and Therapeutics. 2019;9(3-s):290-295 

16. Abubakar AR, Haque M. Preparation of medicinal plants: Basic 
extraction and fractionation procedures for experimental 
purposes. Vol. 12, Journal of Pharmacy and Bioallied Sciences. 
2020. p. 1-10. https://doi.org/10.4103/jpbs.JPBS_175_19 
PMid:32801594 PMCid:PMC7398001 

17. Quitério E, Grosso C, Ferraz R, Delerue-Matos C, Soares C . A 
Critical Comparison of the Advanced Extraction Techniques 
Applied to Obtain Health-Promoting Compounds from Seaweeds. 
Mar Drugs. 2022;20(11):1-40. 
https://doi.org/10.3390/md20110677 PMid:36355000 
PMCid:PMC9695316 

18. Truong DH, Nguyen DH, Ta NTA, Bui AV, Do TH, Nguyen HC. 
Evaluation of the use of different solvents for phytochemical 
constituents, antioxidants, and in vitro anti-inflammatory 
activities of severinia buxifolia. J Food Qual. 2019;2019. 
https://doi.org/10.1155/2019/8178294 

19. Bessa LJ, Fazii P, Di Giulio M, Cellini L. Bacterial isolates from 
infected wounds and their antibiotic susceptibility pattern: Some 
remarks about wound infection. Int Wound J. 2015;12(1):47-52. 
https://doi.org/10.1111/iwj.12049 PMid:23433007 
PMCid:PMC7950398 

20. Esebelahie N, Newton-Esebelahie F, Omoregie R. Aerobic bacterial 
isolates from infected wounds. African J Clin Exp Microbiol. 
2013;14(3):155-9. https://doi.org/10.4314/ajcem.v14i3.6 

21. Poovendran P. Antimicrobial activity of Mirabilis Jalapa and 
Dichrotachys cinerea against biofilm and extended spectrum of 
beta lactamase (ESBL) producing uropathogenic Escherichia coli. 
African J Microbiol Res. 2011;5(22). 
https://doi.org/10.5897/AJMR11.116 

22. Mohammed T, Mohammed S, Elzain A, Hussien E. Journal of 
Chemical Science Housefly. 2019;2(3):122-5

 

https://doi.org/10.30574/ijbpsa.2021.1.2.0303
https://doi.org/10.5580/fe6
http://www.who.int/violence_injury_prevention/media/news/2015/Injury_violence_facts_2014/en/
http://www.who.int/violence_injury_prevention/media/news/2015/Injury_violence_facts_2014/en/
https://doi.org/10.1071/MA19016
https://doi.org/10.22159/ijap.2018.v10s1.33
https://doi.org/10.3390/antibiotics10101162
https://doi.org/10.1076/phbi.39.2.132.6251
https://doi.org/10.1088/1757-899X/1122/1/012095
https://doi.org/10.1088/1757-899X/1122/1/012095
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.3390/microorganisms9102041
http://www.europarl.europa.eu/RegData/docs_autres_institutions/commission_europeenne/comitologie/droit_de_reglementation_avec_controle/2007/COM-AC_DRC(2007)CMT-2007-2696-4_EN.pdf
http://www.europarl.europa.eu/RegData/docs_autres_institutions/commission_europeenne/comitologie/droit_de_reglementation_avec_controle/2007/COM-AC_DRC(2007)CMT-2007-2696-4_EN.pdf
http://www.europarl.europa.eu/RegData/docs_autres_institutions/commission_europeenne/comitologie/droit_de_reglementation_avec_controle/2007/COM-AC_DRC(2007)CMT-2007-2696-4_EN.pdf
http://www.europarl.europa.eu/RegData/docs_autres_institutions/commission_europeenne/comitologie/droit_de_reglementation_avec_controle/2007/COM-AC_DRC(2007)CMT-2007-2696-4_EN.pdf
https://doi.org/10.4314/ajtcam.v10i5.2
https://doi.org/10.4103/jpbs.JPBS_175_19
https://doi.org/10.3390/md20110677
https://doi.org/10.1155/2019/8178294
https://doi.org/10.1111/iwj.12049
https://doi.org/10.4314/ajcem.v14i3.6
https://doi.org/10.5897/AJMR11.116

