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Larvicidal effects of plant extracts against larvae of Anopheles gambiae were studied in the malaria 
entomology laboratory at Mendefera. The aim of the study was to evaluate ethanol and hot water 
extracts from leaves of seven different plants, viz., Azadirachta indica, Eucalyptus globulus, Tagetes 
minuta, Datura stramonium, Lantana camara, Ricinus communis and Jatropha curcas, as natural 
larvicides against third instar larvae of An. gambiae. Insecticidal susceptibility tests were carried out 
using WHO standard method and the mortality was observed after 24 and 48 h (h) of exposure. The 
experiment was conducted in complete randomized design in three replications. Data were collected on 
mortality of mosquito larvae in all the treatments and then subjected to statistical analysis using one-
way ANOVA. Most of the tested extracts showed more than 50% mortality. J. curcas (100±0.00%) and R. 
communis (99.44±0.56) gave significantly higher larval mortalities at 1000 ppm concentration after 48 h 
of exposure. The experiment also showed that ethanol extracts gave higher larval mortality than hot 
water extracts and the efficiency of the extracts increased with an increase in the exposure period of 
the larvae. 
 
Key words: Mosquito vector, malaria, larvicidal activity, leaf extracts 

 
 
INTRODUCTION 
 
Vector borne diseases are among the major causes of 
illness and death in many developing countries. 
Mosquitoes (Diptera: Culicidae) are responsible for 
transmitting the most important vector borne diseases 
including malaria, lymphatic filariasis, Japanese 

encephalitis, and dengue as well as yellow fever and 
other forms of encephalitis (WHO, 2006). Malaria is 
transmitted through bites of parasite-infected Anopheles 
mosquitoes. Anopheles arabiensis, a sibling of An. 
gambiae Giles complex is the major malaria vector in
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Eritrea (Shililu et al., 2003; Sintasath et al., 2005). 
Malaria is an important cause of death and illness in 
children and adults in tropical countries (WHO, 2014). 
Half of the world's population is at risk from malaria 
infection especially in Africa and Asia. Most deaths due to 
malaria occur in children aged less than five years old in 
sub-Saharan Africa (WHO, 2014). Pregnant women are 
also at a higher risk of malaria infection. 

In Eritrea malaria affects about 70% of the population 
and transmission is seasonal. Peak transmission occurs 
during the months of September to November in the 
central highland and western lowlands. A smaller malaria 
season is often observed during the months of March to 
April in the eastern lowlands (MoH, 2010). In 2012,2013 
and 2014 the clinical malaria cases reported were 
41,710; 41,091 and 26,368 respectively. Although the 
number of cases decreased drastically in 2014,malaria 
still remains one of the life threatening diseases of human 
in the country (NMCP,unpublished data) 

Vector-borne diseases also result in school 
absenteeism, loss of productivity, aggravation of poverty, 
high costs for health care and a burden on public health 
services (WHO, 2012). The approach to combat this 
disease largely relied on interruption of the disease 
transmission cycle by either targeting the mosquito larvae 
through spraying of stagnant waters that serve as 
breeding sites or by killing the adult mosquitoes using 
residual insecticides. At present the malaria control 
strategies in Eritrea include integrated programs involving  
habitat management, application of larval insecticides, 
use of insecticide-treated nets (ITNs), and indoor residual 
spraying (MoH, 2010). 

Mosquito resistance to the currently-used insecticides 
and the emergence of multi drug-resistant strains of 
parasites has escalated the malaria problem in the 
affected countries. According to the studies conducted in 
Ethiopia (Abate and Hadis, 2011) Anopheles arabiensis 
was resistant to an array of insecticides, including DDT, 
permethrin, deltamethrin and Malathion. Similarly World 
Health Organization (WHO, 1992) has documented 
mosquito resistance to the aforementioned four classes 
of insecticides. Thus, synthetic insecticides have created 
several problems including the development of resistant 
insect strains, ecological imbalance and harm to 
mammals. These drawbacks of the hitherto developed 
insecticides, researchers in the area are working hard to 
find environmentally safe alternatives.  

Botanical insecticides may serve as suitable 
alternatives to synthetics in future, as they are relatively 
safe, easily degradable and readily available in many 
parts of the world (Sivagnaname and Klyanasundaram, 
2004).  Although bio-pesticides of plant origin have been 
extensively used on agricultural pest control, a very 
limited extent has been used against insect vectors of 
public health importance (Das et al., 2007). Because of 
these, many of the reported  tropical  plants  came  under  
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scrutiny, leading to extraction and characterization of 
their active ingredients. Among the most important plant 
constituents are alkaloids, terpenoids, steroids, phenols, 
saponins and tannins (Shaalan et al., 2005). 
Phytochemicals derived from plant sources can act as 
larvicides, insect growth regulators, repellents, oviposition 
deterrents and affect different activities of the organisms 
(Eich, 2008). 

Although several compounds of plant origin have been 
reported as bio-pesticides and used for control of 
mosquito larvae, there is still a wide scope for the 
discovery of more effective plant products (Saxena and 
Yadav, 1986) particularly in the indigenous flora of lesser 
studied countries like Eritrea. 

 This investigation is aimed at evaluating and 
comparing the toxicity of different botanical extracts 
against the larvae of An. gambiae; comparing the effect 
of hot water and Ethanol solvent leaf extracts on the 
mortality of the larvae and establishing dose-response 
activities of the plant extracts that showed over 90% 
mortality after 24 h exposure against the malaria vector 
larvae. This work will have a great contribution to the 
efforts being made by the national malaria control 
program in controlling larvae of malaria vectors. 
 
 
MATERIALS AND METHODS 

 
Collection and preparation of plant materials 

 
A total of seven plants belonging to diverse families and genera 
were collected from Mai-nefhi, Keren, Asmara and their vicinities. 
The collections were made in September and November 2014 and 
were identified at the Department of Plant Biology herbarium, EIT, 
Mai-nefhi (voucher No. is as shown in Table 1). The plants were 
selected based on available literature, medicinal and insecticidal 
properties. The plants species and their parts used for the study are 
given in Table 1. 

The collected plant materials were washed in the laboratory 
using running tab water, and spread on papers to dry under shade 
for 20 days. The dried leaves were ground to a fine powder by 
means of domestic pestle and mortar. Each powdered plant 
material was sieved using kitchen strainer. The powdered leaves of 
each plant species was kept at room temperature in labeled glass 
bottles until used. 

 
 
Extraction of plant materials 

 
Preparation of hot water extracts 

 
Hot water extract of selected plant biopesticides were prepared by 
suspending 30 g of dry leaf powder (weighed using digital balance) 
in 150 ml of boiled distilled water for one hour in a 500-ml flask. The 
same procedure was used for each plant species used. During this 
processing period flasks were kept on water bath at 60°C for 
maintaining constant temperature for one hour. Extracts were 
filtered through No. 1 Whatman filter papers and used as a stock 
solution. These stock solutions were evaporated to dryness at 60°C 
and then stored in a refrigerator until used. 
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Table 1. Plant species, local name, family name, place of collection and test organs used in the study. 
 

Voucher No. Plant species Local name Family name Collection site Tested organ 

1733 Azadirachta indica A.Juss Neem Meliaceae Keren Leaf 

1220 Ricinus communis L. Gulie Euphorbiaceae Mai-nefhi Leaf 

1359 Tagetes minuta L. Chena-amharai Asteraceae Mai-nefhi Leaf 

1271 Eucalyptus globulus Labill Saedakelamitos Myrtaceae Betgergish Leaf 

1173 Lantana camara L. Bun-tilian Verbenaceae Asmara Leaf 

1179 Datura stramonium L. Mezerbae Solanaceae Mai-nefhi Leaf 

4553 Jatropha curcas L. Jatropha Euphorbiaceae Keren Leaf 

 
 
 
Preparation of ethanol extracts 
 
Thirty grams of dry leaf powder was suspended in 200 ml of 70% 
ethanol in a plastic sack covered 500 ml capacity beaker for 24 h in 
a flocculater SW1 (stirrer) at 150 rotation per minute(rpm). The 
suspension was filtered through No.1 Whatman filter papers. The 
procedure was repeated three times with the residue on the filter 
paper and similarly filtered. The two filtrates were combined and 
dried in a rotary evaporator at 45°C. The same procedure was 
repeated for each of the plant species used and the resulting 
extracts kept in petri-dishes were stored in a refrigerator until used. 
 
 
Collection and rearing of mosquitoes 
 
Anopheles larvae were collected from open drains at Mekremtere 
(Mendefera environ). The collected immature were put in a plastic 
container and then transported to the malaria entomology 
laboratory at Mendefera. In the laboratory, the immature 
mosquitoes were transferred to enamel larval trays until adult 
emergence. After emergence, the mosquitoes were identified and 
their species confirmed using identification keys (manual) by an 
entomologist before rearing. Cyclic generations of Anopheles 
mosquitoes were maintained separately in cages measuring 
30*30*30 cm in an insectary at a mean room temperature of 
27±2°C and a relative humidity of 70-80%. For survival of the Adult 
mosquitoes, they were provided a 10% sugar solution soaked in 
woolen cotton.  

Besides this for continuous maintenance of mosquito colony, the 
adult female mosquitoes were provided a live small pigeon for 
supply of blood meal. At the base/bottom of each cage Petri-dishes 
with moist cotton or filter papers were placed for egg oviposition. 
The eggs laid were then transferred to enamel larval trays in the 
larval rearing chamber where the larvae were fed on powdered 
yeast until the larvae become pupae. The pupae were then 
collected, transferred to plastic bowls and kept inside mosquito 
cage for adult emergence. 
 
 
Preparation of test and control solutions 
 
Two hundred and fifty milligram of each of the crude leaf extracts 
(ethanol and hot water) was weighed using digital balance and 
placed in separate measuring flasks and dissolved in four milliliters 
of acetone. Each mixture was diluted to 250 ml using distilled water 
to prepare stock solution of 1000 ppm concentration. From each of 
the 250 ml of 1000 ppm stock solution, 125 ml was placed in 
separate beakers and used as 1000 ppm test concentration. 

For dose-response activity, stock solutions of crude ethanol leaf 
extract of R.communis and J.carcas were diluted with distilled water 
up to 250 ml and were considered as 500 ppm concentrations. This 

sequential method was used to prepare serially diluted test 
concentrations of 250 and 125 ppm (Sakthivadivel and Daniel, 
2008). 

Four milliliters of acetone was diluted to 250 ml in standard 
measuring flasks by adding distilled water to serve as a negative 
control solution as per WHO guidelines (WHO, 2005). 

 
 
Larvicidal bioassays 

 
All bioassays were conducted at Mendefera malaria entomology 
insectarium. The Larvicidal effects of crude leaf extracts of the 
plants were assessed by following the WHO standard procedures 
(WHO, 2005). The assays were performed in two steps: (i) 
Detection of susceptibility of larvae to extracts; and (ii) 
Determination of larvicidal concentration of crude extracts in which 
above 90% mortality of larvae occurred. 

The sensitivity of the larvae to the extracts was determined at 
single concentration (1000 ppm). Larvicidal bioassays were 
conducted after 24 and 48 h in glass beakers of 125 ml test 
solutions with three replicates of test concentrations in a complete 
randomized design. Batches of 20 third instar larvae were 
transferred into each test concentration of crude ethanol and hot 
water leaf extracts by means of droppers. The larvae were placed 
on a filter paper for removal of excess water and then placed in 
each test concentration. Larval mortalities were recorded after 24 
and 48 h of exposure in each concentration of the test solutions. 
The failure of larvae to swim to the surface or their inabilities to go 
to the bottom in response to mechanical probing, were taken as 
indicators for larval mortality. The tests were repeated three times. 
The mortality percent was computed from the average of three 
replicates of three trials. 

Based on the preliminary screening results, plant extracts which 
showed over 90% mortality of larvae after 24 h exposure, were 
subjected to dose response larvicidal bioassay. The desired 
mortality percentages were obtained from ethanol extracts of J. 
curcas and R. communis at 1000 ppm concentration. Different 
concentrations (125, 250, 500 and 1000 ppm) were prepared and 
tested for Larvicidal activity. Tests were conducted three times. The 
percentage mortality was recorded from the average of three 
replicates of three trials. 

 
 
Data analysis 

 
Data entry was done using Microsoft Excel. Mean percent mortalities 
and standard deviations were determined by one-way Analysis of 
Variance (ANOVA) using SPSS for windows, version 20. When 
significant difference was observed, the means were separated using 

Tukey’s Studentized Range test at 5% level of significance. 
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Table 2. Larvicidal effect of crude leaf hot water and crude ethanol leaf extracts against larvae of An.gambiae after 24 and 48 h treatment 
application. 
 

Treatments 

Mean % Mortality ±SE 

24 h 48 h 

Crude leaf hot water 
extracts 

Crude ethanol leaf 
extracts 

Crude leaf hot water 
extracts 

Crude ethanol leaf 
extracts 

Negative control 3.33±1.18
e
 2.78±0.88

e
 5.56±0.56

e
 3.89±0.73

e
 

Azadirachta indica 20.56±1.30
d
 25.56±1.76

d
 28.89±1.62

d
 36.11±1.11

d
 

Datura stramonium 61.11±3.38
a,b

 70.56±3.38
b,c

 76.11±3.41
a,b

 86.67±3.33
b
 

Eucalyptus globulus 41.67±1.67
c
 66.67±2.50

b,c
 64.44±1.55

c
 86.11±1.11

b
 

Jatropha curcas 67.78±1.62
a
 97.78±1.21

a
 79.44±1.62

a
 100.00±0.00

a
 

Lantana camara 55.00±2.64
b
 72.78±1.69

b
 72.22±3.13

a,b,c
 91.11±2.47

a,b
 

Ricinus communis 65.56±2.06
a
 92.22±1.21

a
 78.89±2.56

a
 99.44±0.56

a
 

Tagetes minuta 56.11±1.82
b
 63.33±2.76

c
 67.78±1.47

b,c
 73.33±2.50

c
 

Mean% 

CV%  

46.38±1.96 

5.7 

61.73±1.92 

3.8 

59.11±1.99 

3.5 

72.07±1.70 

2.7 
 

*Values are mean (%) of the three replications of three trials ±SE. ANOVA followed by Tukey’s test performed; Different superscripts in the column 
indicate significant difference at p< 0.05 levels. 

 
 
 
RESULTS 
 
Effect of crude hot water leaf extracts on mortality of 
mosquito larvae 
 
Cumulative percent mortality of immature An. gambiae 
treated with different plant extracts at 1000 ppm 
concentration for 24 and 48 h exposure time is given in 
Table 2. The extracts of all the plants tested have caused 
significant (p<0.05) mortalities on the larvae of An. 
gambiae, compared to the negative control. In addition, it 
was observed that toxicity of the plant extracts increased 
with increase in exposure time.  

At 24 h exposure time, J. curcas (67.78 ±1.62%) and R. 
communis (65.56 ±2.06%) gave significantly (p<0.05) 
highest mortalities followed by D. stramonium 
(61.11±3.38%) at 1000 ppm concentration. Extracts of L. 
camara and T. minuta were equally effective with 
55±2.64 and 56.11±1.82% mortalities, respectively. The 
other treatments had lower effect on larval mortality. 

At 48 h exposure time, extracts of J. curcas, R. 
communis and D. stramonium gave significant (p<0.05) 
mortalities of 79.4±1.62, 78.9±2.56 and 76.1±3.41%, 
respectively. The other treatments also caused significant 
(p<0.05) mortalities that ranged from 28.9±2.64 to 
67.78±1.82% where the least effective extract was 
observed from treatment of A. indica (28.9±2.64%). 
 
 
Effect of crude leaf ethanol extracts on mortality of 
mosquito larvae 
 
Cumulative percent mortality of larvae of Anopheles 
gambiae treated with the different plant extracts with 

1000 ppm concentration, for 24 and 48 h exposure time 
is given in Table 2. 

With all the treatments bio-assayed, percent mortality 
of the mosquito larvae after 24 h exposure ranged from 
2.78±0.88-97.78±1.21% with a mean of 61.73±1.92%. 
Extracts of J. curcas and R. communis gave significantly 
(P<0.05) highest mortalities of 97.78±1.21 and 
92.22±1.21%, respectively. The range of larval mortality 
in other extracts was between 25.56±1.76 to 
72.78±1.69% at the same exposure time, where A. indica 
gave the least effect on larval mortality. 

Mortality was significantly high (p<0.05) after 48 h 
treatment application. The highest mortalities were 
obtained from extracts of J. curcas (100%) and R. 
communis (99.4±0.56%) followed by L. camara 
(91.1±2.47%). D. stramonium and E. globulus gave 
almost the same mortalities of 86.7±3.33 and 86.1 
±2.98%, respectively with no significant difference 
(p>0.05) between them while T. minuta gave 73.3±2.50% 
mortality. The least effective treatment was A. indica with 
36.1±1.11% larval mortality. 

Comparing the two solvent extracts ethanol gave 
significantly (p<0.05) higher mortality of larvae than hot 
water extracts at the two exposures times. 
 
 
Dose-response activity 
 
The toxicity of dose–response larvicidal bioassay is given 
in Table 3. According to preliminary screening results, 
two extracts (J. curcas and R. communis) that showed 
significantly (p<0.05) higher mortality after 24h exposure 
time were subjected to dose–response larvicidal bioassay 
test. The  larvicidal  effects  of   the   two   selected   plant
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Table 3. Mean % larval mortalities of ethanol leaf extract of Jatropha curcas and Ricinus communis. 
 

Treatment Concentration (ppm) Mean % mortality±SE 

Jatropha curcas 

125 71.67±0.96
c
 

250 91.11±2.42
b
 

500 97.78±0.55
a
 

1000 97.78±0.55
a
 

   

Ricinus communis 

125 22.78±2.00
c
 

250 32.22±2.42
c
 

500 80.00±2.89
b
 

1000 92.22±2.00
a
 

   

Negative control 0 2.22±0.55
d
 

 

*Values are mean (%) of the three replications of three trials ±SE. ANOVA followed by Tukey’s test performed; 
Different superscripts in the column indicate significant difference at p< 0.05 levels.  

 
 
 
extracts were found to be dose dependent. With R. 
communis extracts, exposure to 1000ppm for 24 h 
produced significantly (p<0.05) greater mortality (92.22%) 
compared to exposures of lower concentrations (Table 
3). In general, at 125 and 250 ppm concentrations crude 
ethanol leaf extracts of R. communis induced less than 
50% mortality while this mortality increased to 80% at 
concentration of 500 ppm. Likewise crude methanol leaf 
extracts of J. curcas showed similar bio potency (97.78%) 
at 1000 ppm and 500 ppm concentrations while this 
mortality rate decreased to 91.11 and 71.67% at 250 and 
125 ppm concentrations, respectively. 
 
 
DISCUSSION 
 
Exploring bioactive medicinal plants in vector 
management program is one of the eco-friendly 
approaches because they are easily biodegradable. 
Naturally plants are rich store houses for potential 
bioactive compounds which are gaining appreciation in 
recent times among the scientific communities. According 
to Berenbaum (1985) crude extracts of the plants may 
have mixtures of active compounds which act 
synergistically and their overall bioactivity was also 
greater than individual compounds (Chen et al., 1995). 

Findings of this study highlight the potential of the 
different plant species bio assayed and their active 
ingredients on immobilization and toxic effects on the 
larvae of An. gambiae. Larvicidal effect of all the bio 
assayed extracts increased with an increase in exposure 
time. Dose-response effects of J. curcas and R. 
communis extracts also indicated that mortality means 
increased progressively with increasing doses. Bioactivity 
of the plants extracts were also significantly varied based 
on the solvent used for extraction which showed the 
superiority of ethanol extracts over hot water extracts. 

Similar results were obtained by Chaudhary et al. (2013) 
who reported potent mortality effects of ethanol extracts 
of some plants against Meloidogyne incognita 
(nematode), as compared to hot water extracts. 

The larvicidal effects of leaf extracts of various plants 
have been reported by a number of researchers (Raj 
Kumar and Jebanesan, 2005). Innocent et al. (2008) 
suggested that the larvicidal effect of the root barks 
extracts of Lantana might be due to larvicidal chemicals 
present in the extracts. In this aspect, the findings of this 
study are in conformity with the finding of the previous 
researchers.  

In this study, J. curcas and R. communis members of 
family Euphorbiaceae were found to be superior amongst 
all the tested plant extracts. Ethanolic extracts of J. 
curcas gave 100±0.00% mortality against the mosquito 
larvae after 48 h exposure time. Similar results were 
reported by Sakthivadivel and Daniel (2008), which 
showed crude petroleum ether leaf extract of J. curcas to 
have Larvicidal activity with the LC50 of < 100 ppm on 
the early 4

th
 instar larvae of Cx. quinquefasciatus, An. 

stephensi and Ae. aegypti. Most parts of J. curcas plant 
is reported to be toxic (Kumar and Sharma, 2008), 
probably explaining the larvicidal activity shown in the 
present study. 

R. communis gave 99.44±0.56 % mortality of the larvae 
treated 48 h after application of treatment. Similar results 
were reported by Aouinty et al. (2006) after analyzing 
aqueous extracts of R. communis leaves and Tetraclinis 
articulate wood on the 2

nd
 and 4

th
 instars larvae of Culex 

pipiens, Aedes caspius, Culiseta longiareolata and 
Anopheles maculipennis. The Larvicidal activity shown by 
R. commuinis could be due to the presence of the 
alkaloid, ricinine and the ricin protein which are toxic 
substances (Harborne and Baxter, 2001). 

Ethanol extract of L. camara was found to be effective 
and recorded 91.11±2.47% mortality of the treated larvae  



 
 

 
 
 
 
after 48 h exposure time. Similar results were reported by 
Nath et al. (2006) who found that leaf extract of L. 
camara showed larvicidal activity against Cx. 
Quinquefasciatus and Ae. albopictus. Another study by 
Innocent et al. (2008) showed the effect of the root barks 
extracts of Lantana against late 3

rd
 or early 4

th
 instar 

larvae of An. Gambiae sensustricto. This effect of lantana 
could be due to the presence of lantadenetriterpenoids 
and furanonaphthaquinones in Lantana species which 
may serve as an indicator for the plant’s mosquito 
larvicidal properties. 

It was observed in this study that E. globulus extract to 
have larvicidal activity. It showed 86.11±1.11% mortality 
against An.gambiae larvae 48h post treatment. This is 
comparable with the study of Sheeren (2006) who 
reported the larvicidal property of E. globulus using 
petroleum ether seed and leaf extracts against C. pipiens 
larvae with larval mortality of 100 and 80%, respectively 
at a dose of 1000 ppm.  

Ethanol extract of D. stramonium was also found to 
have larvicidal activity at 1000 ppm dose with larval 
mortality of 86.67±3.33% at 48 h post treatment.  This 
result is comparable to reports of Anitha and Geethapriya 
(2012) who observed the larvicidal activity of petroleum 
ether extract of D. stramonium with 100% mortality 
against 4

th
 instar larvae of Ae. aegypti, at 1000 µg/ml 

dose. This effect may be due to the presence of 
neurotoxin compounds in this plant extracts as 
phytochemical analysis of D. stramonium indicated that it 
contains alkaloids and flavonoid ingredients (Anitha and 
Geethpriya, 2012). 

T. minuta also gave significantly considerable larvicidal 
effect with both crude extracts but as noted above (Table 
4) better results were obtained with ethanol extracts. 
These results are in conformity with the results of 
Macêdo et al. (1997) who reported that extracts of aerial 
parts of T. minuta showed larvicidal effects against Ae. 
fluviatilis. 

Amongst all tested plant species Neem was reported 
as least effective extract, but some previous studies 
(Azim et al.,1998) reported high larvicidal potential of the 
plant against mosquito larvae. This low effect of Neem 
could be attributed to the method of extraction adopted 
and habitat (environment) of the plant species. Therefore, 
it requires further confirmation. 

Considering the attained dose-mortality relationships, 
larval mortality increased with increase in concentration 
of the bio assayed extracts. J. curcas gave 97.78±0.55% 
mortality at both higher concentrations (500 and 1000 
ppm). However this percentage mortality considerably 
decreased with lower concentrations of 250 and 125 
ppm. With R. communis, mortality considerably 
decreased from 92.22±2.89 to 22.78±2.00% with 
decrease in dose of the extract. Comparable trends were 
depicted by El Tayeb et al. (2009) who studied the water 
extracts of S. Argel and C. procera  as  larvicides  against  
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certain mosquito species. They reported positive 
relationship between larval mortalities and the increase in 
the concentrations of extracts. 

Moreover, the direct proportion detected between the 
mortality means and exposure time from 24 to 48 h 
confirmed what has been reported by several 
investigators (Abdul Rahuman et al., 2008; Abdu Zahir et 
al., 2009), which showed gradual buildup in mortalities in 
relation to time factor post treatments. 

As shown above (Table 2), the variations among the 
extracts’ activities could be ascribed to the difference in 
plant species and its environment, type of solvent used 
and method of extraction adopted in the test. The 
literature revealed that plants contain different quantity 
and quality of active compounds depending on the 
species and its habitat environment (Satti et al., 2010). 
Therefore, the superior mortalities manifested by the bio 
assayed plants could be attributed to the kinds of active 
ingredients occurred in these plants as compared to 
those of less effective. 

Overall, the results of this study highlights the potential 
of the different plants for their use as larvicides which can 
serve as cheaper and environmentally benevolent 
alternatives to chemical larvicides for resource poor 
countries. 
 
 
Conclusion 
 
The present study showed that leaf extracts of the bio 
assayed plants possessing bioactive compounds to 
control immature stages of An. gambiae. Since the use of 
plants in insect control offers a safer alternative to 
synthetic chemicals and can be obtained by individuals 
and communities easily at a very low cost, the use of 
indigenous plant based products by individuals and 
communities can provide a prophylactic measure for 
protection against mosquito borne diseases. There is 
also a need for promoting the use of herbal products 
through community based vector control programs. 
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Urtica urens is classified into the sub family of Rosales, belonging to the Urticaceae family. Their 
well-established beneficial properties to human health w e r e  mainly related to their phenolic 
content. Nettle extracts showed that an antioxidant and antimicrobial potentials. Among the different 
nettle extracts methanol extract (EMO) has the highest phenolic content (86.5±1.36 mg EGA/g DM) 
and lowest value was observed in the water extract (EAO) (43.915 ± 19.95 mg EAG/g DM). The 
stronger inhibitory effect on 1,1-diphenyl-2-picryl-hydrazil radicals (DPPH

•
)  corresponds to those 

obtained from methanol extract. A comparative analysis between two fungi Penicelleum notatum and 
Fusarium oxysporum, showed a decrease growth rate and was monitored at the range of 1 to 2.5 
mg/ml. Complete growth inhibition of these two fungi was obtained at the concentrations of 5, 10, 
and 15 mg/ml of water extract (EAO). The antibacterial activity was also significant while addition of 
the nettle extracts and depends on the strain tested. Gram positive bacterial strains (Enterococcus 
faecalis and Enterecoccus faecium) showed higher sensitivity to the extracts, in comparison with 
Gram negative strains Escherichia coli and Salmonella typhimurium. The antioxidant activities were 
correlated (r

2
> 0.9) with the phenolic content, suggesting that the phenolic content are playing major 

role in scavenging free radicals. Our total findings suggest that the Nettle (Urtica urens) extract has 
important antioxidant and antimicrobial activities which is positively correlated with its phenolic 
content. 
 
Key words: Urtica urens, polyphenol, antioxidant, antimicrobial and 1,1-diphenyl-2-picryl-hydrazil radicals 
(DPPH

•
). 

 
 
INTRODUCTION 
 
All living beings have a primary metabolism which 
provides the basic molecules (carbohydrates, amino 
acids, nucleic acids, proteins, lipids etc.) from where 
secondary metabolites are produced through the 

subsequent chemical reactions. There is no doubt that 
plants are a good source of biologically active natural 
products. To investigate bioactive natural compounds, it 
is essential to have access to simple biological  tests  to
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locate required activities (Beart et al., 1985). The 
preservative effect of many plant species and herbs 
suggests the presence of antibacterial and antioxidant 
constituents in their tissues (Bobis et al., 2015; 
C h e w  e t  a l . ,  2 0 1 5 ;  Kukrić et al., 2012; Singh 
et al., 2012; Hirasa and Takemasa., 1998). 

Plants contain phenolic compounds and nitrogen 
compounds having essential alkaloids and glycosides. 
These metabolites often play a role in plant defense 
where they are produced. Besides the antioxidant 
and antimicrobial activities, polyphenols have several 
other beneficial effects on human health (Najjaa et al., 
2007). Faced with the therapeutic limit of chemical 
drugs, the developmental research on medicinal 
plants has been directed towards obtaining herbal from 
folk medicines (Škrovánková et al., 2012). This 
development is an essential step for promoting the 
entire sector linked to the need not only for therapeutic 
purposes but also cosmetics and food industries 
(Fattouch et al., 2007).  

Urticaceae is one of the important sources of 
polyphenols. The beneficial effect of nettle on human 
health is already very well known (Heoa et al., 2015; 
Fattahi et al., 2014; Mansoub, 2011; Gulcin et al., 
2004). The most abundant and endemic species of 
nettle in Tunisia are Urtica dioica and Urtica urens. 
They are spontaneous grass and their aerial parts are 
used as salad particularly in North-Africa and 
Mediterranean countries. There is some research work 
done about the antioxidant activity of Urtica dioica 

(Gulcin et al., 2004) but no more information is available 
about Urtica urens in this context. The main aim of this 
study is to evaluate the potentials of U. urens as a new 
source of natural phenolic compounds and its 
antioxidant and antimicrobial activities. 
 
 

MATERIALS AND METHODS 
 

Plant materials 
 

Aerial parts of U. urens were collected from the province of Bizerte 
in Noth-Africa during the spring 2010 which were the main plant 
material of the study. 
 
 

Preparation of the plant extracts 
 

Aerial parts of U. urens were washed and dried in the open air at 
room temperature, frozen and grounded in liquid nitrogen. The 
resulting powder was used for the preparation of methanol (EMO) 
and acetone (ECO) extracts. The powder obtained was 
macerated in the appropriate solvent (like methanol and acetone) 
under stirring for 30 min at room temperature. The mixture was 
left at 4°C for 24 h to be subsequently filtered through a 

Whatman paper (No.4 Sigma Aldrich
®

). The filtrate is collected 
and stored in dark at 4°C for next use. 
 
 

Preparation of the aqueous extract 
 
In order to avoid any c o n t r o v e r s i a l  contradiction between the 

 
 
 
 
effect of the solvent and the effect of the nettle itself, the 
antibacterial assay was conducted with the water extract (EAO) of 
nettle. To prepare the water extract plant powder was mixed with 
the boiled water and centrifuged at 4000 g for 20 min and finally 
filtered on filter paper. The filtrate was then stored at 4°C for 
further use. 
 
 

Determination of total phenolic contents 
 
The assay for the determination of total phenolic content in U. urens 
was performed according to the method of Namjooyan et al. 
(2007). Amounts of 1.85 ml of distilled water, 0.125 ml of Folin-
Ciocalteu reagent and 0.5 ml of a 20% sodium carbonate (Na2CO3) 

solution were added to 25 µl of liquid extract sample in a test tube, 
making a final volume of 2.5 ml. The solution was homogenized 
and left to stand for 30 min, and the absorbance was determined 
at 750 nm. The total phenols were calculated as milligrams of 
gallic acid equivalents per gram of dry matter (DM). 
 
 
Determination of total carotenoid 
 
Determination of total carotenoid was performed according to the 
method of Wellburn (1994) with few modifications. 50 mg of fresh 
plant material was ground in 10 ml of acetone (80%). The obtained 
extract was centrifuged and filtered. The reading of the 
absorbance is carried out at three different wavelengths of 
470, 663 and 647 nm and the concentration is determined as 
follows: Carotenoid = 5 × DO470 + 2.846 × DO663 -14.87 × DO647 

The result is expressed in mg per 100 g dry matter (DM). 
 
 
Determination of total flavonoids 
 
The principle is based on the formation of the complex 
flavonoids-aluminum chloride (Djeridane et al., 2006; Chang et 
al., 2002). The color intensity is proportional to the 
concentration of the flavonoids. A volume of 250μL of the extract 
is diluted 5 times, supplemented with 75 μL of a solution of Na 
NO2 (5%), followed by a rest of 6 min before adding 150 μL of 

aluminum chloride (AlCl3, 6H2O, 10%) after 5min of incubation, 

500 μL of NaOH (1 M) are added. The final volume of the 
solution is adjusted to 2500 μL with distilled water. The absorbance 
of the mixture was read at 510 nm. The reference range is 
prepared with the catechin. The content of total flavonoids 
expressed as mg catechins per gram of dry matter (DM). 
 
 

Determination of condensed tannins 
 
In the presence of concentrated sulfuric acid, condensed 
tannins depolymerize and transformed in the presence of 
vanillin anthocyanidols red color whose intensity is measured 
spectrophotometrically at 500 nm. A volume of 3 ml of vanillin 
(4%) was added to 50 µl of the extract and 1500 µl of 
concentrated HCl. The resulting mixture was incubated for 15 
min at room temperature and the absorbance is measured at 500 
nm. The standard is like catechin flavonoids, condensed tannins 
content in mg catechin equivalents per gram of dry matter (mg CE 
/ mg DM). 
 
 
Determination of total anthocyanins 
 
Plant powder of 1 g was mixed with 12 M HCl (1%). The 
mixture is incubated at a temperature of 4°C for 48 h with 
continuous   stirring  followed  by  centrifugation  and filtration   of 



 
 
 
 
supernatant. The absorbance is read at two different wavelengths 
(530 nm and 675 nm). The concentration of anthocyanins was 
expressed in g per 100 g of dry matter (DM). 
 
 

Total antioxidant capacity 
 

Total antioxidant capacity of the extract was evaluated by the 
method of phosohomolybdenum described by Prieto et al. (1999). 
A volume of 1ml of a solution (0.6 M sulfuric acid, 28mM 
sodium phosphate and 4 mM ammonium molybdate) is added 
to 100 µL of the 10 times diluted extract. The mixture obtained is 
incubated at 95°C in the dark for 90 min. The absorbance 
reading was taken at 695 nm against a blank containing the 
solvent and the reagent. A standard range is prepared and 
the results are expressed in mg gallic acid equivalent per range of 
dry matter (DM). 
 
 

Free radical scavenging activity 
 

The free radical scavenging activity of the nettle extract was 
measured by 1,1-diphenyl- 2picryl-hydrazil (DPPH) was evaluated 
using colorimetric method of Shimada et al. (1992) and improved 
by Islam et al (2013). At room temperature and in the presence 
of an antioxidant, the DPPH radical has an intense purple color. 
The transition to non-radical form DPPH

 
(after saturation of its 

electronic layers) was accompanied by the disappearance of the 
violet color (Soler-Rivas et al., 2000). The decrease in the intensity 
of the color is monitored by spectrophotometry at 517 nm. 
The estimation of this activity was measured. The free radical 
scavenging activity of each sample is expressed as percent 
inhibition of DPPH using the following formula: 
 

DPPH = [(A0-A)/A0] × 100 

 

Where, A0 is absorbance at 517 nm DPPH without extract and A is 

sample absorbance. 
 
 

Bacterial strains 
 
Four reference bacterial strains were used to evaluate 
antibacterial activity: two Gram negative (Escherichia coli JW1772 
and Salmonella typhimurium ATCC14028) and two Gram-positive 
(Enterococcus faecium and Enterococcus faecalis) provided by the 
microbiology laboratory at the Faculty of Sciences of Tunis. 
 
 

Bacterial growth 
 

Turbidity is measured by spectrophotometry (Thermofisher). 
Samples were taken in sterile conditions and Optical Density 
(OD) is measured every 1 h. A growth curve is established, 
expressing the OD as a function of time: OD = f (t). 
 
 

Fungi and its processing by the nettle extract 
 
Two reference fungi Penicillium notatum and Fusarium 
oxysporum, provided by the microbiology laboratory at the 
Faculty of Sciences of Tunis, were used to evaluate antifungal 
activity. The PDA (Potato dextrose agar) medium was poured in the 
presence of the extract of specific volume, to obtain different 
desired concentrations of 1, 2.5, 5, 10 and 15mg / ml of the 
aqueous extract of nettle. After the extract and the medium 
were well mixed and solidified, then appropriate fungal spores were 
placed on the agar. Incubate for 3 days at an optimal temperature 
of 20°C. The   growth   kinetic  was measured  by  calculating  the 
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diameter of the mycelium formed every 24 h. 
 
 
Statistical tests 
 
The ANOVA was used to verify the difference between the 
control and the different doses and for the four strains bacterial 
and two fungi. Student’s T-test was performed in other cases. 

 
 
RESULTS AND DISCUSSION 
 
Determination of antioxidants of different extracts of 
nettle 
 
The environmental pollution, chemical products, food 
additives, physical stress and normal usage of oxygen 
by our body all contribute to the production of harmful 
radicals that damage healthy cells. Antioxidants act by 
trapping free radicals to isolate their single electrons 
and transforming later in stable molecules or ions. Most 
of the antioxidants produced by the plants are then 
processed by humans as humans are unable to 
synthesize them (Fattouch et al., 2007).  

The total polyphenols content varies depending on 
the type of solvent used as summarized in (Figure 1). 
In fact, methanol seems to be the most suitable solvent 
for extraction of polyphenols (with a grade of 
88.75±12.25 mg EAG / g DM) followed by acetone (with 
an average of 56.5±13,66mg EAG / g DM). The 
lowest value was observed in the aqueous extract (with 
a grade of 43.915 ± 19.95mg / g DM). The study of the 
variation of the total polyphenol content varies 
significantly depending on the type of solvent used (p 
<0.05). Polyphenols are fundamental constituents of the 
plant thanks to their purifying capacity provided by 
their hydroxyl group (Hatano et al., 1989).  

According to recent works, a strong correlation exists 
between polyphenols and antioxidant power and this is 
demonstrated in many plants (Vinson et al., 1998; 
Velioglu et al., 1998; and Oktay et al., 2003). Phenolic 
compounds could contribute in a direct way to the 
antioxidant activity (Duh et al., 1999). It is suggested 
that polyphenolic compounds may have anti-mutagenic 
and anti-carcinogenic in humans. When they are 
ingested with a daily dose of 1 g for a diet composed 
only of fruits and vegetables (Tanaka et al., 1998). In 
addition, it has been reported that the phenolic 
compounds have been associated with antioxidant 
activity and play an important role in the stabilization of 
lipid peroxidation (Yen and Duh, 1994). 

The aerial parts of nettle contain carotenoids with a 
content of about 3.33 μg and anthocyanins in particular 
smaller quantities of approximately 2 μg (Figure 2). 
Proanthocyanin also called "condensed tannins" are 
substrates of enzymatic browning. The predominant 
physicochemical property of tannins is their ability to 
bind by hydrophobic interactions and/or exchange of 
hydrogen bonds with proteins and polysaccharides
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Figure 1. total polyphenol content contained in the three 
extracts of nettle (EMO extraction of nettles in methanol, ECO 
extraction in acetone and EAO extraction in water) expressed as 
gallic acid equivalent per gram DM (p <0.05). 

 
 
 

 
 

Figure 2. Content of total carotenoids and anthocyanin with 
nettle expressed in 100 g of dry matter. 

 
 
(Jeantet et al., 2007). They form salivary protein 
complexes with condensed tannins, which give the 
astringency of fruit (grapes, peaches, persimmons, 
apples, pears, etc.), beverages (wines, ciders, tea, beer, 
etc.) and the bitterness of chocolate (Santos-Buelga and 
Scalbert, 2000). The  condensed  tannins  content  varies  
depending  on  the  solvent  used  as  shown  in Figure 3.   

In  fact,  acetone  seem  to  be  the  most  suitable  
solvent  for  extraction  of condensed tannins (with a 
content of 115.33±2.6 µg CE / g DM) followed by 
methanol (with a content of 52.33±15.22 µg CE / g DM). 
The lowest value was observed in the aqueous extract 
(with a content of only 39.28 ± 2.28 µg CE / g DM). The 
study of the variation of the condensed tannin content 
varies significantly depending on the type of solvent 
used (p <0.05). 

Flavonoids are antioxidants belonging to the family of 
polyphenols (Fernandez-Pachon et al., 2004; Zhishen et 
al., 1999). Flavonoid content also tends to vary depending 

on the type of solvent used as shown in Figure 4. The 
contents are as follows the methanol extract with a 
content of 67.5±13.5 µg CE / g DM, the extracted with 
acetone (with a content of 66.1±6.5 µg CE / g DM), and 
the aqueous extract (with a content of only 46±5.9 µg CE 
/ g DM). The polarity of the solvent doesn’t seem to have 
an impact on the extraction since the most polar solvent 
(water) showed the lowest extraction capacity for the all 
investigated polyphenols. 
 
 
Antioxidant power and anti-radical activity of U. urens 
 
The antioxidant activity was attributed to several 
mechanisms among which we mention the peroxide 
decomposition and reducing free radicals. Many methods 
have been proposed to evaluate the antioxidant power. 
Among these techniques, we adopted total antioxidant 
activity and anti-radical activity by the free radical
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Figure 3. Tannins content contained in the three extracts of nettle (EMO 
extraction nettle in methanol, ECO extraction in acetone and EAO 
extraction in water) expressed as catechin equivalents per gram of DM 
(P <0.05). Salivary protein complexes with condensed tannins are 
responsible for the astringency of fruit (grapes, peaches, persimmons, 
apples, pears, etc.), beverages (wines, ciders, tea, beer, etc.) and the 
bitterness of chocolate (Buelga and Scalbert 2000). 

 
 
 

 
 

Figure 4. flavonoids content contained in the three extracts of nettle 
(EMO extraction nettle in methanol, ECO extraction in acetone and EAO 
extraction in water) expressed as catechin equivalents per gram of DM 
(P > 0.05). The study of the variation in the content of flavonoids shows 
a non-significant variation. The extraction of flavonoids is independent of 
the type of solvent used. 

 
 
 
DPPH.  

The extract showed antioxidant activity depending on 
the dose or the solvent used (Kataki et al., 2012). 
However, a strong antioxidant activity was observed 
with the methanol extract and acetone extract higher 
than gallic acid activity used as a positive control (Figure 

5). The antioxidant activity is also dependent on the 
dose used in nettle extract. The effect of antioxidants 
on anti-radical activity of the DPPH is due to their ability 
to donate a proton. The DPPH is a stable free radical 
that accepts an electron or hydrogen radical to become a 
stable diamagnetic molecule. The anti-radical method of



7 8           J .  M e d .  P l a n t s  R e s .  
 
 
 

 
 

Figure 5. Antioxidant activity of three extracts of nettle (EAO): aqueous extract of nettle; EMO: methanol extract 
of nettle, ECO: ketone extract of nettle) and comparison with a positive control antioxidant gallic acid. 

 
 
 

DPPH is a technique used to evaluate the antioxidant 
activity in a short time compared to other methods 
(Soares et al., 1997).  

The reduction of the DPPH• radical is determined by 
the absorbance at 517nm induced by antioxidants. 
Figure 6 shows a significant decrease (p<0.05) on the 
concentration of DPPH

 
due to the anti-radical power of 

the nettle except for the concentration of 10 µg / ml. 
The choice of solvent does not appear to have an 
effect on anti-radical activity. Based on this data, we 
can conclude that the nettle appears to have an 
effective antioxidant power that reacts with free 
radicals. This finding is interesting knowing the capacity 
of polypehnols to limit the damage caused by these 
radicals in the body. The comparison between the 
antioxidant capacity of the extracts (IC50%) obtained in 

our laboratory with different extracts of nettle (extract 
with water, extracted with acetone and methanol 
extract) and IC50% of Urtica dioica obtained can be 

considered as comparable.  
Indeed, it is 31.6 for EAO against 44.77±2.12 for 

the roots with a different extraction protocol (Gulcin et 
al., 2004). 
 
 

Correlation between the content of total 
polyphenols and total antioxidant activity 
 

There is a strong correlation between the antioxidant 

activity and total polyphenol content with an r
2
> 0.94 

as shown in Figure 7. Similar results were found by 
other authors who showed that there is good 
correlation between total phenolic profile and 
antioxidant activity of plant extracts emphasizing the 
role of phenolic compounds in antioxidant activity 
(Tunalier et al., 2002; Duh et al., 1999). 
 
 

Correlation between the total polyphenol content 
and anti-radical activity of nettle 
 

There is a strong correlation between the antioxidant 
activity and total polyphenol content with an r

2
> 0.85 all 

extract confused as shown in Figure 8.  The strong 
correlation observed between the antioxidant potential 
and the total polyphenol content suggests that 
polyphenols are the main compounds that contribute to 
this activity. Indeed, rats poisoned by CCl4 xenobiotic 

and treated with nettle extracts showed significant 
increases in liver antioxidant enzymes (Yen and Duh, 
1994). 

In addition, the purification of H2O2 has been 

attributed to phenols thanks to their ability to donate 
electrons to H2O2, and neutralizing it in water form by 

the called process water-water cycle which take place in 
plants (Asada et al., 2000).  

The capacity of the EAO to purify the H2O2 can be 

attributed to its structural characteristics of its active
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Figure 6. Comparison of the anti-radical activity of the nettle with the radical DPPH (EAO: aqueous extract of 
nettle; EMO: methanol extract of nettle, ECO: acetone nettle extract). 

 
 
 

 
 

Figure 7. Curve correlation (r
2
) between the total polyphenol content and antioxidant activity in Urtica urens and 

determination of the correlation of coefficient. 
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Figure 8. Curve correlation (r2) between the content of total polyphenols and anti- radical activity in Urtica urens 
and determination of the correlation of coefficient. 

 
 
 
components that determine their ability to donate 
electrons. The scavenging capacity of EAO on H2O2 
was compared to that of BHA, BHT and α-tocopherol as 
a standard. The concentrations used have shown 
activity by 23% H2O2. In comparison, the same 

concentration of BHA, BHT and α-tocopherol show 
38.86 and 57% respectively. These results show that 
the scavenging effect of EAO on H2O2 is lower but still 

interesting in comparison with BHA, BHT and α-
tocopherol (Halliwell, 1991). 
 
 
The effect of aqueous nettle extract on the growth of 
various microorganisms  
 
The effect of EAO on bacterial growth was 
demonstrated with by the effect of the extract on 
kinetic growth inhibition. A starting OD600 nm at 0.1 nm 

was used in all the assays with an appropriate volume 
of aqueous extract of nettle to obtain the following 
concentrations: 5, 10 and 15 mg/ml. For monitoring of 
the biomass, measurements of OD at 600 nm were 
carried out on samples taken every hour for 9 hours. 
Measurements are plotted on curves expressing the 
OD600 nm versus time. A reference inoculum is 

treated the same way but in the absence of aqueous 
extract of nettle establish the control curve of the 
bacterial growth. Analyses were replicated three times 
and reproducibility of the results was verified (Figure 9 to 

12). 
 
 
Escherichia coli gram negative 
 

The E. coli growth (Figure 9) shows that there is inhibition 
of cell growth while addition of the aqueous extract of 
nettle in the bacterial culture medium. Indeed, the 
concentration of 5 mg / ml resulted in a tendency to 
decrease the growth rate is of 0.32 h

-1 
lower than the 

control (0.44 h
-1

), this growth rate is even lower for 
the extract concentration of 10 mg / ml and 15 mg / ml, 
the μmax (the maximum specific growth rate of the 

microorganisms)decreases from 0.29 to 0.25 h
-1

. In 
addition, the bacterial culture treated with aqueous nettle 
extract between the stationary phase at a cell density 
significantly lower than that of the cultivation of the control 
bacteria. 
 
 

Salmonella typhimurium gram negative 
 

As shown in Figure 10, the addition of aqueous nettle 
extract at different concentrations of 5 to 15 mg / ml at 
OD starting 0.1 resulted in a lag phase longer than the 
phase of the control. It lasts approximately 2 h. The 
application of statistical tests showed that the observed 
changes are significant (p < 0.05). Indeed during the 
exponential phase, the calculated bacterial control 
growth is of 0.41 h

-1 
while it decreases to 0.36 h

-1 
for
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Figure 9.  Effect of aqueous extract of nettle on the growth of E. coli cell growth was monitored during the treatment of 
cells with the aqueous extract of nettle (control inoculum, C1 = 5 mg / ml (0.85 mg / ml eqv DM), C2 = 10 mg / ml (1, 7 mg 
/ ml eqv DM), C3 = 15 mg / ml (2.55 mg / ml eqv DM) (p <0.05)). 

 
 
 
EAO concentration of 5mg / ml and even a lower µmax of 

about 0.35 h
-1

for EAO 10 mg/ ml and a µx of 0.27 h
-1 

for 

a concentration of extract of 15 mg / ml. 
 
 
Enterococcus faecalis gram positive 
 

The application of statistical tests showed that the 
observed variations are significant (p<0.05). Comparative 
analysis of the curves of the treated bacteria and control 
shows that the addition of aqueous extract significantly 
affects the growth of E. faecium especially in the first 
three hours. Indeed, the growth rate is relatively low 
(0.041, 0.04 and 0.02 h

-1
, respectively for concentrations 

EAO 5mg / ml to 10 mg / ml and 15 mg/ ml) against a 
μmax of 0.2 h

-1 
of the control strain during the growth 

phase. During the stationary phase, the gap is smaller 
between different concentrations. It was 0.16 h

-1 
for the 

untreated strain and 0.11 h
-1 

for strain treated with a rate 
of EAO 5 mg/ml and 0.1 h

-1
for treated strains with EAO 

rate of 10 and 15 mg / ml. It seems that the treated 
strain resume growth with the exponential phase, one 
could even speak of a phase shift that can be 
explained by an adaptation of the bacteria to the new 
environment for pursuing of growth (Figure 11). 
 
 

Enterococcus faecalis gram positive 
 
The application of statistical tests showed that the 
observed variations are significant (p < 0.05). 

Comparative analysis of the curves corresponding to 
the treated bacteria and bacteria that corresponding to 
the controls shows that the addition of aqueous extract 
significantly affect the growth of E. faecalis (Figure 12). 
It seems that the gram positive strains are more 
sensitive to our extract than Gram negatives strains 
tested. This can be explained by the fact that gram 
positive bacteria are devoided of the extra outer 
membrane that enhance their vulnerability and allow an 
easier penetration of the active substances contained in 
the EAO. 
 
 
Effect of the nettle on fungal growth 
 
Nettle extract was added in the presence of the culture 
medium of Fusarium oxysporum at different concern. 
The Figures 10 and 11 shows that the growth of 
Penicillium notatum is inversely proportional to the dose 
EAO added. Indeed, the higher is the dose administered 
in the medium, the stronger is the effect of the mycelium 
inhibition. which is noticeable from Figure 10  (a,b and 
c) for the dose of 1 mg / ml as well as a dose of 2.5 mg / 
ml up to complete disappearance of mycelium starting at 
a dose of 5 mg / ml  and for the dose 10 mg / ml and the 
dose of 15 mg / ml. 

The application of statistical tests showed that the 
variations between control and the different doses 
observed are significant (p < 0.05). In fact, the higher 
dose administered in the medium a higher is the effect 
on the mycelium growth. It  dramatically  decreases (from 
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Figure 10. Effect of aqueous nettle extract on the growth of Salmonella typhimurium Cell growth was monitored during 
the treatment of cells with the aqueous extract of nettle (control inoculum, C1 = 5 mg / ml (0.85 mg / ml eqv DM), C2 = 
10 mg / ml (1, 7 mg / ml eqv DM), C3 = 15 mg / ml (2.55 mg / ml eqv DM) (p <0.05)). 

 
 
 

 
 

Figure 11. Effect of aqueous nettle extract on the growth of Enterococcus faecium. Cell growth 
was monitored during the treatment of cells with the aqueous extract of nettle (control inoculum, 
C1 = 5 mg / ml (0.85 mg / ml eqv DM), C2 = 10 mg / ml (1, 7 mg / ml eqv DM), C3 = 15 mg / ml 
(2.55 mg / ml eqv DM) (p <0.05)). 

 
 
 
1 to 2.5 mg / ml) or completely disappears (no growth is 
seen) while adding 5, 10 and 15 mg/ml (Figure 13). The 
growth of Fusarium oxysporum is strongly conditioned by 
the EAO added dose. This is even more likely that the 

nettle is used by European farmers, as a natural 
fertilizer called compost or manure nettle to fight against 
plant pests such as F. oxysporum.  

Organic  farming  has  only  a  very  limited  range of

Te 1 mg / ml 2.5 mg / ml 

5 mg / ml 
10 mg / ml 15 mg / ml 

R
el

at
iv

e 
g
ro

w
th

 

d 

c 

b 

a a a 
0 

1 

2 

3 

4 

5 

Te 1 mg / ml 2.5 mg / ml 5 mg / ml 10 mg / ml 15 mg / ml 



Maarouf i  et a l.           83  
 
 
 

 
 

Figure 12. Effect of aqueous nettle extract on the growth of Enterococcus faecalis. Cell growth was 
monitored during the treatment of cells with the aqueous extract of nettle (control inoculum, C1 
= 5 mg / ml (0.85 mg / ml eqv DM), C2 = 10 mg / ml (1, 7 mg / ml eqv DM), C3 = 15 mg / ml (2.55 
mg / ml eqv DM)) (p <0.05)). 

 
 
 

 
 

Figure 13. Effect of OCT on the growth of F. oxysporum at different doses ((Te: control without extract, 1 mg / ml, 2mg / 
ml, 5mg / ml 10mg / ml and 15mg / ml of EAO). 

 
 
 
fertilizers and pesticides approved. In Tunisia, most of 
these products are imported, hence the interest to 
seek new local natural products able to substitute it. 
Fertilizer effects of nettle were compared to fertilizer 

effects of a product imported from marine algae 
Algadul®. These treatments were applied on a culture of 
early vegetables pepper greenhouse shed, on which 
several parameters were  evaluated  and  have  yielded 
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the following results: nettle and Algadul®
 

had similar 
effects on fruit quality.  

Thus, extracts of nettle (dry or fresh) prove able to 
replace imported liquid organic fertilizer (Algadul) 
(Hattab et al., 2006). Hence the confirmation of our 
results that show strong inhibition of the fungi treated 
with EAO. Interestingly, Bhalodia and Shukla (2011) 
demonstrated the antifungal activities of different title of 
the extracts from Cassia fistula against three fungal 
strains-Aspergillus niger, Aspergillus clavatus, Candida 
albicans and observed a growth inhibition of the treated 
fungi. 

Plants produce a large number of compounds that are 
not directly produced by photosynthesis, but resulting 
from subsequent chemical reactions (Stavrianakou et 
al., 2005). These compounds are referred to as 
secondary metabolites. These metabolites often play a 
defensive role of the plant that manufactures them. In 
addition to their antioxidant; anticancer (Buk-Gu et al, 
2015) and antimicrobial activities (Lan et al., 2015), 
these metabolites including polyphenols have many 
other beneficial effects for human health. Hence the 
renewed interest in plants.  

U. urens the subject of this study is sorted in the 
order of Rosales, belonging to the family Urticaceae 
better known as nettle. Its beneficial properties for 
human health were established and found mainly 
correlelated to its phenolic content. It is known in 
traditional therapy that Urticaceae have a hypertensive 
effect (Gulcin et al, 2004). Nettle came into interest 
when it was found that this plant rich in polyphenolic 
compounds such as tannins, mono and tri-terpenes, 
vitamins, acids, polysaccharides, choline, xanthophylls, 
phenolic acids and other phenolic. Our research has 
shown that nettle contains carotenoids and anthocyanins 
with rates of 3.33 μg / 100 g DM and 2 μg / 100 g 
DM. It has also demonstrated a strong flavonoid 
content of 120±13.5 μg CE / g DM. It is reported that 
flavonoids are beneficial to health since many flavonoids 
are involved in the inhibition of blood platelet 
aggregation and adhesion on the vessel wall, 
phenomena which can be the source of clots that cause 
thrombosis (Parr and Bolwell, 2000; Knekt et al., 2002).  

On one hand, high polyphenol content was also 
revealed in our study, exceeding 80 mg/g DM 
regardless of the extraction solvent used. On the other 
hand, our results also show that the antioxidant 
activities are related to the nature of the solvent. 
Indeed, the aqueous extract seems to be the less 
rich in antioxidants (flavonoids, total polyphenols and 
condensed tannins). The methanol extract is 
particularly rich in flavonoids and total polyphenol 
closely followed by the acetone extract.  

Thus, it was possible to demonstrate the existence of a 
positive correlation between the protective effect of 
certain foods and their content of polyphenolic 
compounds. Polyphenols are main player in several 
processes, like  decreasing  blood  pressure  and, as  has 

 
 
 
 

been shown recently, inhibition of the synthesis of 
endothelin, a vasoconstrictor peptide directly 
responsible for vascular disease and atherosclerosis. In 
fact, polyphenols would act primarily by inhibiting 
phosphorylation enzymes, tyrosine kinases that are 
involved in the synthesis of endothelin (Parr and 
Bolwell, 2000).  

We also have shown a strong correlation (r > 0.85) 
between the antioxidant activity and anti-radical on one 
hand and the total polyphenol content on the other 
hand. U. urens, also showed an interesting antibacterial 
activity of various extracts. This result corroborates the 
work of Gulcin et al. (2004) who noted antibacterial 
activity extracts from U. dioica, with bacteria Gram 
positive and Gram negative strains. That would explain at 
least in part the efficiency of the plant in traditional 
medicine for the treatment of skin infections and 
gastrointestinal (Yesilada et al., 1993).  

Furthermore, our results show that the antibacterial 
activities depend on the strain tested. Gram positive 
bacterial strains (E. faecalis and E. faecium) showed 
higher sensitivity to the extracts, than the Gram 
negative strains Escherichia coli and Salmonella 
typhimurium. The differential action of the nettle extract 
where Gram positive strains seem to be more sensitive 
than Gram negative strains could be explained by the 
extra outer membrane characteristic of gram negative. 
Several mechanisms may be involved in the inhibitory 
effect of aqueous extracts of nettle on the membrane free 
strains (gram positive) including adsorption secondary 
metabolites in bacterial membranes and interactions 
with cellular enzymes preventing them from functioning 
normally (Fallah et al., 2008; Scalbert et al., 1991). The 
most marked sensitivity was observed with fungi 
Penicillium notatum and Fusarium oxysporium with 
significant variation confirmed by statical tests. 

This antifungal activity is consistent with research 
Gulcin et al. (2004) in ethnopharmacology where the 
use of nettle infusion for treatment of foot fungus is 
widespread in Turkey and the Mediterranean countries. 
The U. urens also has a fairly significant antifungal 
activity since the mycelium growth is completely inhibited 
at a concentration of EAO of about 5 mg / ml. This 
activity is confirmed for two fungal strains as P. notatum 
and F. oxysporum. This is all the more plausible that 
the use of nettle compost is widespread in Europe and 
particularly in France where it substitutes synthetic 
fertilizers. Its antifungal activity has been the work of 
Hattab et al. (2006) where the nettle is revealed to be a 
natural fertilizer as effective as imported liquid organic 
fertilizer (Algadul®) both for the preservation of the quality 
of plants with a better efficiency.  

The study finding put together, demonstrate the strong 
activity of plants as antioxidant, antifungal which are in 
agreement with those obtained by Bobis et al. (2015). 
So far antibiotics are largely as powerful weapon for 
fighting against infection with the well-known side 
effects that  they  can  engender  and  emergence of 



 
 
 
 
bacterial resisitance lead to search and develop new 
tools. Plants can be used as a substitute, and thisopen 
up for new alternatives (Guyue et al., 2014). 
 
 

Conclusion 
 
The U. urens r e v e a l  i t s  potentials as a new source 
of natural phenolic compounds and its antioxidant and 
antimicrobial activities can be used as a substitute of new 
alternatives for fighting against infection and harmful 
effects of human. 
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