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Abstract  

     Current study shows the efficiency of two types of aquatic plant, as extracts after used them in the 
phytoremediation of wastewater that taking from treatment plant Al-Sadr clinical city. These extracts included 
ceratophyllum demersum, leman monir with two concentrations (50000,150000mg/l) as antimicrobials to 
inhibitions five species of pathogenic antimicrobial-resistant bacteria, are Staphylococcus aureus, 
Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, and proteus mirabilis, that isolated from 
same wastewater treatment plant of Al-Sadr clinical city. The results showed that the high effectiveness of these 
extracts against these five species of bacteria, where the C. demersum extract recorded the highest inhibition 
diameter for bacteria S. aureus, E. faecalis and P. aeruginosa, P. mirabilis was (14,11,9,8mm) respectively, at 
concentration (150000mg/l), The plant that used in remediation of wastewater were more effective than those 
plants which grow in tub water (control) on bacteria growth. Results explain these extracts contain on the 
phytochemical compounds were had turn in increase inhibition diameters antimicrobials resistance bacteria 
including alkaloids, tannins, phenolics, saponins and flavonoids that acts as antioxidants were, in the C 
demersum treated recorded 21.52,14.07,44.60,12.58,19.31 respectively,    

1. Introduction 

    One of the reasons to use of plant extracts as antimicrobials was due to the prescription of antibiotics 
carelessly and irrationally in a variety of illnesses resulted in the creation of antibiotic-resistant microorganisms. 
This unprecedented usage of antibiotics that caused resistance has an impact on human health globally 
(AlSheikh et al., 2020; Dhingra et al., 2020). Because excessive faecal bacteria in sewage and urban runoff have 
been shown to imply a risk of pathogen-induced illnesses in humans, pathogens are an important problem for 
managers of water resources (Sabae et al., 2007). It is clear that novel antimicrobial drugs and approaches are 
required for the treatment of severe Gram-positive infections (Corona et al., 2023). Research indicates that 
naturally occurring antimicrobial agents derived from plant extracts contain components that have an inhibitory 
impact and can be applied therapeutically for a more successful course of treatment. (Dong et al., 2019; 
Nekratova et al., 2023) be less dangerous than synthetic ones (Fareed et al., 2008).  

       Antimicrobial phytochemicals such as flavonoids, tannins, terpenoids, sterols, glycosides, saponins, 
carotenoids, alkaloids, terpenes, and phenols are abundant in hydrophytes (Devi et al., 2005; Metwally et al., 
2020). They showed antibacterial activities (Fareed et al., 2008; Sridevi et al., 2010; Ziada et al., 2008), 
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antifungal activities (Metwally et al., 2020) and antiviral activities (Shin et al., 2010; Sohail et al., 2011).  It is 
well known that hydrophytes manufacture flavonoids in response to microbial infection, and that these 
compounds exhibit antimicrobial action against a broad range of bacteria in vitro (Bhowmik et al., 2013).  

        Because they may combine to form complexes with soluble and extracellular proteins, flavonoids have 
biological actions that include anti-inflammatory, antiallergic, antioxidant, and antibacterial properties. Also, 
tannins included in hydrophytes are recognized as antimicrobial agents, they impede the growth and 
development of germs by rendering the protein essential for microbe nourishment unavailable (Yoshino et al., 
2004).  Research has been done on saponin in a variety of aquatic plant-herbivore relationships (Metwally et 
al., 2020; Smolders et al., 2000). According to research by Kurashov et al. (2016), the essential oil of C. 
demersum possesses antifungal, anti-inflammatory, antibacterial, and antineoplastic properties. According to 
Gobrial et al. (2015), the acetone extract of C. demersum shown antibacterial activity against negative gram 
bacteria. Rich supplies of biologically active chemicals against Aspergillus, Penicillium, Acremonium, 
Rhizopus, Cladosporium, Torula, and Alternaria can be found in Polygonum senegalensis and P. crispus (Omar 
et al., 2018). 

2. Materials and Methods 

1. Plants collection, adaptation and water treatment  

Both C. demersum and L. minro were collected from rivers in AL Najaf governorate then put for 7 days in a 
tab water then used divided in two groups first one put in the wastewater of Al-Sadr clinical city that effluent 
from treatment plant in clinical city, while second put in a tab water (control) after 25 of treatment plants were 
collected for prepare extracts. 

2. plant extracts    

Plants samples collected from wastewater after used 25 days of phytoremediation and were Transfer it to the 
laboratory under appropriate conditions. The samples were allowed to dry in a shade and breathing place, 
dried C. demersum and L. minro samples were cut and pulverized. 60 g of the of the plants were extracted 
with soxhlet extractor with (250 ml) of ethanol (EtOH) at 50 ° C for about 6 hours. The extracts obtained were 
concentrated by rotary evaporator (Harborne, 1998). 

3. phytochemical composition of plant extracts   

Total alkaloids.  
HCl 2N used to dissolved amount of plant extract, and then added chloroform, then BCG solution and finally 5 
ml of phosphate buffer were added to this solution, then the absorbed the optical density at 417 nm.  
 Total tannin content (TTC).  

TTC were estimated according to method of  Price and Butler( 1977) .  
Total flavonoid content (TFC).  

By using 5% NaCl then 10% AlCl3 and finally 1N NaOH respectively then measured at 510 nm.    
Total Phenolic contents. 

 1 ml of plant extract, then 0.5 ml 2N of the Folin-Ciocalteu reagent and 1.5 ml 20% of Na2CO3 solution, 
finally, 2 hours after which the absorbance was taken at 765 nm (Hagerman, et al., 2000). 
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Total saponins 
Total saponins was determined according to the method that described by Makkar et al., 2007). 

4. Antibacterial effect   

Five species of purified bacteria S. aureus, E. faecalis, E. coli, P. aeruginosa and p. mirabilis were used to the 
effect of plant extracts according to (APHA 1999; Holt et al. 1993; CLSI 2012).    

3.Results   

 Phytochemical compounds in used plants in treatment 

        In the current study it  found  that Phytochemical compounds                   ( alkaloids, tannins, phenolics,   
saponins and flavonoids ) concentrations that studied  in C. demersum  and L. minor  that used in the treatment 
of  Al-Sader clinical city wastewater were differ according to plants species  and  type of water where they put  
table (1).Wastewater caused a significant increase in Alkaloids content in C. demersum but caused significant 
decrease in L. minor p-value 0039 and 0.001 respectively, while it induced increasing of Tanins content in both 
plant but in C. demersum the increasing was non-significant (p-value 0.610). L. minor recorded significant 
increases in both Phenoles and Flavonoids (p-value 0.013 and 0.001 respectively), while C. demersum recorded 
non-significant increases in them after used these plants in the treatment experiment. Wastewater made non-
significant in Saponins concentrations in both plants.   

Table (1): concentrations of some phytochemical compound's mg/l in C. demersum and L. minor that 
used in the phytoremediation of Al-Sader clinical city wastewater.    

Phytochemicals Ceratophyllum demersum p-value Lemna minor  p-value 

Control Treated Control Treated 

Alkaloids  18.82±0.7 21.52±1.3 0.039* 22.19±0.7 12.42±1.5 0.001** 

Tannins  12.01±1.9 14.07±1.6 0.610 17.27±1.8 26.41±2.4 0.004** 

Phenolics  40.17±0.6 44.60±3.5 0.103 49.62±3.3 33.50±1.5 0.013* 

Saponins 11.05±1.9 12.58±1.2 0.305 13.94±1.4 13.19±1.1 0.513 

Flavonoids  16.33±1.3 19.31±2.2 0.132 14.63±3.1 23.34±0.8 0.001** 

 

 Antibacterial effect of extracts of used plants 

 In the current study, two types of plants (C. demersum, L. minor) were used in treating Al-sadr clinical city 
wastewater, after the end of the experiment period, the used plants were collected and extracts were prepared, 
these extracts were used to inhibit five species of pathogenic bacteria, S. aureus, E. faecalis (gram positive 
bacteria) and E.coli, P. aeruginosa, P. mirabilis  (gram negative bacteria), that were isolated from the same 
wastewater of Al-Sadr clinical city, were high effectiveness of these extracts against these five species of 
bacteria, where the C. demersum extract treated recorded the highest inhibition diameter for bacteria 
Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa, proteus mirabilis was 
(14,11,9,8mm) respectively, with a concentration of (150000mg/l), compared with a concentration (50000mg/l),  
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ile the inhibition diameter for bacteria Escherichia coli by the C. demersum extract treated was (10mm) equal 
for the two concentrations (50000, 150000mg/l). For C. demersum extract control, it recorded high inhibition 
rate for all species of bacteria at concentration (150000mg/l) compared to concentration (50000mg/l) as in the 
table (2). While, L. minor extract treated recorded high inhibition diameters for all species used bacteria, with a 
concentration of (150000mg/l), compared with a concentration (50000mg/l). Also, the same results for L. minor 
extract control with concentrations (150000mg/l) and (50000mg/l). The results showed in the table (2) explain 
significant difference between extracts plants and its concentration during period study.  

Table (2): Antibacterial effect of plants extracts that used in the phytoremediation of Al-Sader clinical 
city wastewater and inhibition diameters in mm for bacterial isolates. 

Plant extract  
Extract 

plant 
concen.  

Inhibition diameters in mm for bacterial isolates  
Staphyloco

ccus 
aureus 

Enterococcu 
s faecalis   

Escherichia 
coli   

Pseudomon 
as 

aeruginosa 

Proteus 
mirabilis   

Mean±S.D   
Control 0  0 0   0  0  0   

C. demersum  
extract treated   

0.1 12± 1.7  10±1.4  10 ± 1.4  8±2.3  0   
0.3 14± 2.0  11±2.0  10 ± 1.4  9±1.7  8 ± 2.3  

C. demersum  
extract control  

0.1 0 0   8 ± 2.3 8±1.1  0   
0.3 10± 2.2  7± 0.8  10 ± 1.4  12±1.7 8 ± 2.3  

L. minor   
extract treated 

0.1 8 ± 2.3  8± 1.1  10 ± 1.4  8±2.3  0   
0.3 11± 1. 5  10±1.4  13 ± 1.9  12±1.7 8 ± 2.1  

L. minor   
extract control  

0.1 16± 3.1  18±4.4  14 ± 2.0  10±1.4 11±1.5 
0.3 20± 2.9  22±3.8  16 ± 3.1  12±1.7 15±3.3 

LSD(0.05) 1.552  1.224 1.512   1.087  2.028  
  



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 3 

 www.healthinformaticsjournal.com 

Open Access 

 
 

 
 
 
  
 

 

4139 

 

  4. Discussion 

        Numerous antimicrobial-resistant bacteria (ARB) are discharged from hospitals through wastewater 
systems, making hospitals major suppliers of ARBs and key players in their emergence and dissemination 
(Hocquet et al., 2016) In this study five species of pathogenic antimicrobial-resistant, are Staphylococcus 
aureus, Enterococcus faecalis (gram positive bacteria) and Escherichia coli, Pseudomonas aeruginosa, proteus 
mirabilis (gram negative bacteria), were isolated from wastewater treatment plant of Al-Sadr clinical city. 
Similar study isolated these five species of pathogenic antimicrobial-resistant from a tertiary care teaching 
hospital (Kalaiselvi et al., 2016). Another study that show E.coli, P. aeruginosa, E. faecalis and S. aureus, have 
the greatest resistance to various antibiotics(Lykov et al., 2021). Because of wastewater treatment plants could 
promotes the ARB, and described as hotspots for the transfer of antibiotic resistance genes between bacterial 
species, furthermore, metals such as mercury and antibacterial cleaning agents may encourage the persistence 
of antimicrobial-resistant bacteria (ARB) in wastewater (Hocquet et al., 2016). 

       In other study, the total amount of antibiotics removed by traditional physical and biological treatment 
methods was found to be 79% in the warmer months and 36% in the winter. This indicates that the antibiotic 
removal effectiveness at the WWTP is insufficient., so, should use advanced treatment processes (Aydin et al., 
2019). In the current study, where using extracts of the C. demersum, and L. minor to treatment antimicrobial-
resistant bacteria, because these extracts contain on phytochemical compounds that acts as antioxidants (Hoang 
et al., 2022).  

During the current study it found that phytochemical compounds (alkaloids, tannins, phenolics, saponins and 
flavonoids) concentrations that studied in C. demersum and L. minor that used in the treatment of Al-Sadir 
clinical city wastewater were differ according to plants species and type of water where they put, where, all 
these phytochemical compounds recorded high values in the C. demersum extract treated more than in the C. 
demersum  extract control, were the highest value recorded by phenolics (44.6),  while in L. minor extract treated 
only flavonoids and tannins recorded high values (23.34, 26.41) respectively compared with  L. minor extract 

Plant extract 

Extract 
plant 

concen. 
Mg/l 

Inhibition diameters in mm for bacterial isolates 
Staphyloco

ccus 
aureus  

Enterococcu
s faecalis 

Escherichia 
coli 

Pseudomon
as 

aeruginosa 

Proteus 
mirabilis 

Mean±S.D 
Control 0 0 0 0 0 0 

C. demersum 
extract treated  

50000 12±1.7 10±1.4 10±1.4 8±2.3 0 
150000 14±2.0 11±2.0 10±1.4 9±1.7 8±2.3 

C. demersum 
extract control 

50000 0 0 8±2.3 8±1.1 0 
150000 10±2.2 7±0.8 10±1.4 12±1.7 8±2.3 

L. minor 
extract treated 

50000 8±2.3 8±1.1 10±1.4 8±2.3 0 
150000 11±1.5 10±1.4 13±1.9 12±1.7 8±2.1 

L. minor 
extract control 

50000 16±3.1 18±4.4 14±2.0 10±1.4 11±1.5 
150000 20±2.9 22±3.8 16±3.1 12±1.7 15±3.3 

LSD(0.05) 1.552 1.224 1.512 1.087 2.028 
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control . Where Syed et al., (2018) proved the extract of C. demersum contains on these phytochemical 
compounds. So, there was significant different between values of these compounds of extract treated and extract 
control for study plants.   

These compounds that derived  from plants could provide mothed approaches against pathogenic bacteria (Vaou 
et al., 2021). Where the results of this study, show high effectiveness of these extracts against these five species 
of bacteria, where the C. demersum extract treated recorded the highest inhibition diameter for bacteria S. 
aureus, P. mirabilis, E. faecalis and P. aeruginosa was (14,11,9,8mm) respectively, with a concentration of 
(150000mg/l), compared with a concentration (50000mg/l),  and inhibition diameter (10mm) for Escherichia 
coli, equal for the two concentrations (50000,150000mg/l), the results showed that the C. demersum extract 
treated was more efficient in inhibiting bacteria than the C. demersum extract control, this results agree with 
Fareed et al., (2008) that proved  the extract of C. demersum was the most effective as antimicrobial activities 
against all tested bacteria. 

While, L. minor extract treated recorded high inhibition diameters for all types of used bacteria with a 
concentration of (150000mg/l), compared with a concentration (50000mg/l), where the highest inhibition 
diameter was for Escherichia coli (13mm). While the L. minor extract control recorded the highest inhibition 
diameters against, Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa, Escherichia 
coli, Proteus mirabilis    was (20,22,16,12,15mm) respectively, compared with the L. minor extract treated. 

Where match with GÜLÇİN et al., (2010) had an antibacterial effect against Staphylococcus because its source 
of natural antioxidants and contains phenolics and flavonoids.  

Also, Miras-Moreno et al.., (2022) explained that the secondary metabolism of the plant leads to the raising of 
the content of non-enzymatic antioxidants such as flavonoids. 

And González-Renteria et al., (2020) demonstrated effectiveness of L. minor extract as an antimicrobial. So, 
the high values of phytochemical compounds in the current study that resulted from degradation or absorption 
of the antibiotics by C. demersum extract treated were had turn in increase inhibition diameters antimicrobials 
resistance bacteria, this results similar with Silva et al., (2010) that explain the biological characteristics of some 
plant species that are employed in the antibacterial activity of various plants are often caused by the active 
chemicals generated during secondary vegetal metabolism. In the current study, may be high concentration of 
flavonoids in the extracts of the C. demersum and L. minor led to an increase in the diameter of inhibition of 
bacteria, this result similar with Xie et al., (2015) where refer to the structure of flavonoids as antibacterial 
agents, and explained, the antibacterial mechanism of flavonoids, where hydroxyls at special sites on the 
aromatic rings of flavonoids improve the antibacterial  activity, these flavonoids mechanisms  involving, 
inhibition of energy metabolism, inhibition of the porin on the cell membrane, and attenuation of the 
pathogenicity. 

The findings also demonstrated significant variation in the sensitivity of bacteria to the extract from plants., this 
might result from variations in the kind and quantity of their active ingredients (Al-Janae'e et al., 2017). linked 
to how well they absorb and migrate inside the cell (Pourmorad et al., 2006). The type, composition, thickness, 
and fat and protein content of cellular membranes, as well as the mechanism of transition operation of effective 
materials, all influence the differences in bacterial sensitivity to these substances. As a result, certain bacteria 
exhibit a higher sensitivity against a particular compound (Lee et al., 1999). This variation could also be 
explained by the presence of protective substances within the bacteria's cells, which may have been brought 
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about by exposure to outside forces or by efficient environmental transport. These substances can increase a 
cell's level of protection based on the kind of microorganism, the type of external effect, and other abnormal 
factors. The most significant protective materials are glutamate, carbohydrates and mannitol (Salih & Hussein, 
2014). 

4. Conclusions  

The phytochemical composition of plants was very effected by types of water were plant grow. So, the C. 
demersum was more effective in the inhibition of bacteria, thus it can used both C. demersum and L. minor as 
a source to prepare antibacterial to control the resistance bacteria   
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