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      ABSTRACT: 
      The advent of antibiotic resistance and the growth of new strains of bacteria are of great concern to the world health sectors. Effective treatment of the infections caused by these human pathogens call for designing and development of new drugs with better efficiency. This study aimed at investigating the antibacterial activity of 
      Moringa oleifera 
      seed extract against some bacteria strains.The phytochemical and antibacterial activities of 
      Moringa oleifera 
      seed extract against both Gram-positive and Gram-negative bacteria were conducted using standard methods. The phytochemical analysis of the studied seed extract revealed the presence of alkaloids, tannins, saponins, phenols and flavonoids as secondary metabolites. The obtained result from the antibacterial study indicated that the extract exhibited high inhibition zones against all bacteria strain studied. Also, four molecular compounds from 
      Moringa oleifera
       seed were selected based on their percentage yield and were optimized using density functional theory and they were used against five bacterial cell lines. It was observed that kaempferol and quercetin inhibited 
      Escherichia coli
      . Kaempferol inhibited 
      Klebsiella pneumonia
      , 
      Pseudomonas aeruginosa
      , and 
      Streptococcus pneumonia
       while Quercetin showed highest inhibition against 
      Staphylococcus aureus
       when compared with other compounds. This showed the effectiveness of 
      Moringa oleifera
       seed in eradicating some infections caused by bacteria.
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      1. Introduction
    

    
      
    

    
      Infectious diseases are syndromes that emanate from an infected person or animal to a susceptible host
      
        1
      
      . Infectious diseases remain the major cause of premature death in the world and it has been reported to be responsible for the death of about 50,000 people on a daily basis. The increase in the rate of bacterial infections has become alarming in the past few decades, thereby resulting into a severe health problem
      
        2
      
      .
       Staphylococcus aureus, Bacillus subtilis, Bacillus
       
      licheniformis 
      and 
      Esherichia coli 
      have been reported as bacterial species for pathogenic infections of skin, septic arthritis, food intoxication food-borne illness, diarrhea and wounds
      
        3–5
      
      . Antimicrobial agents are very crucial in reducing the world encumbrance of infectious diseases
      
        6
      
      .
    

    
      However, the multidrug resistance associated with pathogenic bacteria have led to serious health challenges
      
        7
      
      ,
      
        8
      
      . Previous studies on rapid and extensive emergence of resistance to recent discovering of antimicrobial agents confirmed a short life expectancy of newly made antimicrobial agent
      
        9
      
      ,
      
        10
      
      . The use of medicinal plants as source of drugs could be one of the most probable means of treating sickness and ailments in developing countries
      
        11
      
      . 
      Moringa oleifera
      , popularly referred to as “horseradish tree”, is a medicinal plant found in the tropical and subtropical regions of the world and has been reported to possess 
      antioxidant, anti-bacteria, anti-inflammatory, anti-cancerous activities
      
        12
      
      ,
      
        13
      
      .
    

    
      The discovery of some molecules used for protein–protein crossing point target have numerous challenges. Molecular docking revealed the connection between pharmacophore and receptor and it has the ability to provide assistance in detecting the appropriate binding site in the receptor. More so, calculated docking could be in the form of dock score, which is the arithmetic way of estimating the power of the relationship between docked compounds once the docking is accomplished
      
        14–16
      
      .
    

    
      Thus, the compounds (catechin, epicatechin, kaempferol, quercetin)
       
      that were isolated from 
      Moringa oleifera
       seed by 
      Onuah et al.
      
        17
      
      , Sun et al.
      
        18
      
      , 
      Ablajan and Tuoheti
      
        19
      
      , Saldanha et al.
      
        20
      
       were theoretically studied via density functional theory and docking methods. Thus, in respect to the confirmation of the rapid global blowout of resistance to existing antibiotics, the need to find new anti-bacteria agents to reduce or end the epidemic health implication associated with multidrug resistant is of paramount importance.
    

    
      
    

    
      2. Experimental
    

    
      
    

    
      2.1 Sources of materials
    

    
      
    

    
      Dry seed of 
      Moringa oleifera,
       accession No. 266266, used in this study, were obtained from Obafemi Awolowo University Teaching and Research Farm (O.A.U.T. & R.F.), Ile-Ife, Nigeria, (7°33′N; 4°33′E).
    

    
      The identification of the plant was done by a Plant Taxonomist in the Department of Botany, Obafemi Awolowo University. The pods enclosing the seed were removed. The seeds were air dried. Seeds of 
      Moringa oleifera
       with good quality (
      
        Fig. 1
      
      ) were selected and the seed coat and wings of the seeds were removed manually. The seeds were pulverized to fine powder, sieved and properly kept prior further analysis.
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      Figure 1.
       
      Moringa oleifera 
      seeds.
    

    
      
    

    
      2.2 Extract preparation
    

    
      
    

    
      About four hundred grams (400 g) of powdered seeds of 
      Moringa oleifera
       were transferred into 1 L volumetric flask and 800 mL of methanol was added. The solution was allowed to stay for 72 h with vigorous agitation at 3 h interval. The extracting solvent was removed by decantation. The residue was filtered and concentrated on a digital rotary evaporator (Heidolph laborata 4010) to obtain 9.20 g crude extracts of 
      Moringa oleifera
      .
    

    
      
    

    
      2.3 Qualitative phytochemical analysis
    

    
      
    

    
      The presence of alkaloids, reducing sugar, flavonoids, phenols, saponins and tannins in the
       seed extract of 
      Moringa oleifera
       were qualitatively examined using standard methods
      
        21
      
      , as described below.
    

    
      
    

    
      2.3.1 Determination of alkaloids
    

    
      
    

    
      Zero point five gram (0.5 g) of 
      Moringa oleifera
       seed extract was stirred with 5 mL of 1% HCl on water bath, it was filtered and a few drops of Meyer’s reagent was added to 1 mL of the filtrate. There was an occurrence of turbidity, which confirmed the present alkaloids.
    

    
      
    

    
      2.3.2 Determination of tannins
    

    
      
    

    
      Zero point three gram (0.3 g) of 
      Moringa oleifera
       seed extract was dissolved in 10 mL of distilled water and filtered. Then freshly prepared FeCl
      3
       solution was added to 5 mL of the filtrate. There was an observation of greenish dark coloration, which indicated the presence of tannins.
    

    
      
    

    
      2.3.3 Determination of reducing sugar
    

    
      
    

    
      Two drops of Fehling’s solution were added to a solution containing 0.5 g of 
      Moringa oleifera
       seed extract in 5 mL distilled water and the solution was heated on water bath. The change in blue color of Fehling’s solution, which gave a red precipitation, indicated the presence of reducing sugar.
    

    
      
    

    
      2.3.4 Determination of saponins
    

    
      
    

    
      The formation of bubbles, which persisted for 20 min when 
      Moringa oleifera
       seed extract dissolved in distilled water was vigorously shake, confirms the presence of saponins.
    

    
      
    

    
      2.3.5 Determination of phenols
    

    
      
    

    
      The intense coloration observed when FeCl
      3
       solution was added to 0.4 g 
      Moringa oleifera
       seed extract in distilled water confirmed the presence of phenols.
    

    
      
    

    
      2.3.6 Determination of flavonoids
    

    
      
    

    
      To the solution of 
      Moringa oleifera
       seed extract, 5 mL of AlCl
      3
      , 2 mL methanol, 2 mL of concentrated HCl, 2 mL of KOH solution and few drops of magnesium turning was added. A pink coloration was observed which confirmed the presence of flavonoids.
    

    
      
    

    
      2.4 Bacterial analysis
    

    
      
    

    
      The antibacterial activity of the seed extract was examined using pure cultures of 
      clinical isolates 
      Gram-positive bacteria (
      Staphylococcus aureus
       and 
      Streptococcus pneumonia
      ) alongside with Gram-negative bacteria (
      Escherichia coli, Klebsiella pneumonia 
      and
       Pseudomonas aeruginosa
      ),
       
      obtained from the Department of Microbiology, Obafemi Awolowo University, Ile-Ife, Nigeria, were used for this study. The culturing and identification of the selected bacterial species was done using modified method given by Colle et al.,
      
        22
      
      . The antibacterial sensitivity of the 
      seed extract of 
      Moringa oleifera
       against selected bacteria were examined with agar well diffusion method. The culture media was sterilized for 15 min at 121 °C. 0.1 mL standard inoculum of the test bacteria previously inoculated with bacterial suspension (100 
      mL
       of medium/1 
      mL
       of 10
      7
       CFU) to attain 10
      5
       CFU/
      mL
       of medium was introduced into the sterilized media. The inoculum was spread through the media. A sterile cork borer was used to bore a 6 mm well into the agar medium. Zero point one milliliter (0.1 mL) of 2, 4 and 6 mg mL
      -1
       concentration obtained by re-dissolved 10 mg 
      of 
      Moringa oleifera
       seed 
      extract
       in 5, 2.5 and 0.8 mL of methanol, respectively, was transferred into each of the well on the medium. The plates were allowed to stand for 1 h before incubation for another 24 h at 37 °C. The zones of inhibition on the plates were measured with a transparent ruler in millimeters. Filter paper discs loaded with 5 µg of ampicillin were used as control. The plates were kept in the fridge at 5 
      °C
       for 2 h to allow plant extracts diffusion then a
      fter incubation at 37 °C for 48 h, the zones of inhibition were measured. 
      The effect of the 
      seed extract of 
      Moringa oleifera
       on bacteria strains was compared with standard control at concentrations of 2, 4 and 6 mg mL
      -1
      .
       The percentages of zones of inhibition were calculated to determine the antibacterial activity of the seed extract of 
      Moringa oleifera
      . The antibacterial investigation was on triplicate analysis. The adopted formula from the study
      
        23
      
       was used for calculating the percentage growth inhibition, as 
      
        Eq. 1
      
      :
    

    
      
              (
      
      1)
    

    
      where PGI is percent growth inhibition, BDC is the bacteria colony diameter in control and BDT means bacteria colony diameter in treatment.
    

    
      
    

    
      2.5 Theoretical calculation
    

    
      
    

    
      Four (4) selected molecular compounds
      
        17–20
      
       from molecules present in 
      Moringa oleifera
       were used for this study. The selected compounds were chosen due to their highest percentage yield and the selected compounds were optimized using density functional theory at 6-31G* basis set and several molecular descriptors [E
      HOMO
      , E
      LUMO
      , band gap, dipole moment, hydrogen bond donor (HBD), hydrogen bond acceptor (HBA) log P, polarizability and Polar suface area (PSA)] which described anti-bacteria activity of the studied flavonoids were obtained using Spartan’14 software by wavefunction Inc. Also, the docking study were executed on the studied compounds and the studied enzymes (2J5O
      
        24
      
      , 2RQX
      
        25
      
      , 2W9T
      
        26
      
      , 1GRX
      
        27
      
      , 2M6U
      
        28
      
      ) using Discovery studio, AutoDock Tool, AutoDock Vina and Pymol which serves as a post-dock software.
    

    
      
    

    
      3. Results and discussion
    

    
      
    

    
      3.1 Qualitative phytochemical analysis
    

    
      
    

    
      The qualitative phytochemical analysis of 
      Moringa oleifera 
      seed extract confirmed the presence of alkaloids, tannins, saponins, phenols, flavonoids and the absence of reducing sugar (
      
        Tab. 1
      
      ). However, the absence of reducing sugar indicated that the anti-bacteria potency of plant extracts against Gram-negative bacteria was due to the presence of phenolic compounds
      
        29
      
      . Findings from literature revealed that medicinal plants containing alkaloids, phenols and flavonoids as bioactive metabolites have good antibacterial properties
      
        30–33
      
      . Therefore, the presence of these metabolites in the seed extract of 
      Moringa oleifera 
      could render it as a good antibacterial agent.
    

    
      
    

    
    
      Table 1.
       Results of phytochemical analysis of the seed of 
      Moringa oleifera 
      seed extract.
    

    
    
    
      
        	
          
            Phytochemicals
          

        
        	
          
            Inferences
          

        
      

      
        	
          
            Alkaloids
          

        
        	
          
            +
          

        
      

      
        	
          
            Tannins
          

        
        	
          
            _
          

        
      

      
        	
          
            Reducing sugar
          

        
        	
          
            _
          

        
      

      
        	
          
            Saponins
          

        
        	
          
            +
          

        
      

      
        	
          
            Phenols
          

        
        	
          
            +
          

        
      

      
        	
          
            Flavonoids
          

        
        	
          
            +
          

        
      

    

    
      + represents presence of bioactive compounds, while; – represents absence of bioactive compounds.
    

    
      
    

    
      3.2 Antibacterial activities of Moringa oleifera seed extract against test bacteria
    

    
      
    

    
      The percentage zones of inhibition exhibited by 
      Moringa oleifera 
      seed extract against selected bacterial strains are showed in 
      
        Fig. 2
      
      . The antibacterial study revealed that 
      Moringa oleifera 
      seed extract showed some levels of inhibition against all the bacteria strain at various concentrations. The decreasing order of susceptibility of the bacteria strain to 
      Moringa oleifera 
      seed extract at 
      2 mg mL
      -1
       
      was 
      Staphylococcus aureus > Klebsiella pneumonia > Escherichia coli, Streptococcus pneumonia > Pseudomonas aeruginosa
      . Furthermore, when the 
      percentage zones of inhibition
       of 
      Moringa oleifera 
      seed extract at 
      2 mg mL
      -1
       
      was 
      compared with the control, the 
      percentage zones of inhibition 
      observed was 
      called “weak inhibition”, because percentage zones of inhibition were below the average of that of the control.
    

    
      At concentration of 
      4 mg mL
      -1
      , an increase in 
      percentage zones of inhibition was observed and was found higher than the average percentage zones of inhibition exhibited by the control when compared at same concentration. This was called “moderate inhibition”. The increasing order of potency of the extract against the bacteria strain was 
      Klebsiella pneumonia > Staphylococcus aureus > Pseudomonas aeruginosa
      ,
       Klebsiella pneumonia > Escherichia coli > Streptococcus pneumonia.
    

    
      The highest percentage zones of inhibition were detected at concentration of 6 mg mL
      -1
      . 
      The increasing order of effectiveness of 
      Moringa oleifera 
      seed extract against the test bacteria was given as 
      Pseudomonas aeruginosa
       > 
      Klebsiella pneumonia > Staphylococcus aureus > Escherichia coli > Streptococcus pneumonia.
       The zones of inhibition in this study were lower than that obtained from the study of Folorunso et al., on biosynthesis, characterization and antimicrobial activity of gold nanoparticles from leaf extracts of 
      Annona muricata
      
        23
      
       and higher than obtained from the study of Sarital et al., on the in vitro antimicrobial activity of some medicinal plants against human pathogenic bacteria
      
        34
      
      . This is an indication that 
      Moringa oleifera 
      seed extract has good inhibitory efficiency against bacteria and could possibly be used as an antibiotic for the treatment of infected diseases caused by bacteria.
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 2
      . Antibacterial activities of 
      Moringa oleifera 
      seed extract
       
      against test bacteria.
    

    
      
    

    
      3.3 Docking calculations
    

    
      
    

    
      Docking study was carried out on the flavonoids in 
      Moringa oleifera 
      seed and series of bacteria cell lines (2J5O, 2RQX, 2W9T, 1GRX, 2M6U). The obtained result, i.e., binding affinity between the studied compounds, were displayed in 
      
        Tab. 2
      
      . As reported by Oyebamiji et al., molecules that have lower binding affinity show the molecule with tendency to inhibit well
      
        35
      
      .
    

    
      
    

    
    
      Table 2.
       Binding affinity for bacteria cell lines.
    

    
    
    
      
        	
          
            Compound
          

        
        	
          
            Escherichia coli
          

          
            (IGRX)/kcal mol
            -1
          

        
        	
          
            Klebsiella pneumonia
          

          
            (2RQX)/kcal mol
            -1
          

        
        	
          
            Pseudomonas aeruginosa
          

          
            (2J5O)/kcal mol
            -1
          

        
        	
          
            Staphylococcus aureus
          

          
            (2W9T)/kcal mol
            -1
          

        
        	
          
            Streptococcus pneumonia
          

          
            (2M6U)/kcal mol
            -1
          

        
      

      
        	
          
            Catechin
          

        
        	
          
            -6.1
          

        
        	
          
            -5.2
          

        
        	
          
            -5.7
          

        
        	
          
            -7.2
          

        
        	
          
            -6.4
          

        
      

      
        	
          
            Epicatechin
          

        
        	
          
            -6.2
          

        
        	
          
            -5.6
          

        
        	
          
            -5.5
          

        
        	
          
            -6.4
          

        
        	
          
            -6.9
          

        
      

      
        	
          
            Kaempferol
          

        
        	
          
            -6.3
          

        
        	
          
            -5.8
          

        
        	
          
            -5.8
          

        
        	
          
            -7.2
          

        
        	
          
            -7.1
          

        
      

      
        	
          
            Quercetin
          

        
        	
          
            -6.3
          

        
        	
          
            -5.6
          

        
        	
          
            -5.7
          

        
        	
          
            -7.5
          

        
        	
          
            -6.2
          

        
      

    

    
      
    

    
      Thus, it was observed that kaempferol and quercetin are one of the vital flavonoids present in 
      Moringa oleifera 
      seed, as shown in 
      
        Tab. 2
      
      . As displayed in 
      
        Tab. 2
      
      , both kaempferol and quercetin inhibited 
      Escherichia coli
       most. Kaempferol inhibited 
      Klebsiella pneumonia
      , 
      Pseudomonas aeruginosa
      , and 
      Streptococcus pneumonia
       more than other studied compounds. Also, only quercetin possess the ability to inhibit 
      Staphylococcus aureus
       more than other compounds used in this work. The residues involved in the interaction are shown in 
      
        Figs. 3–8
      
      .
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 3. 
      Molecular
       
      interactions of kaempferol with the residue in the gouge of 
      Escherichia coli
       
      (IGRX).
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 4. 
      Molecular
       
      interactions of quercetin with the residue in the gouge of 
      Escherichia coli
       
      (IGRX).
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 5. 
      molecular
       
      interactions of kaempferol with the residue in the gouge of 
      Klebsiella pneumonia 
      (2RQX).
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 6. 
      Molecular
       
      interactions of kaempferol with the residue in the gouge of 
      Pseudomonas aeruginosa 
      (2J5O).
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 7. 
      Molecular
       
      interactions of quercetin with the residue in the gouge of 
      Staphylococcus aureus 
      (2W9T).
    

    
      
    

    
    
      
        [image: ]
      
    

    
      Figure 8. 
      Molecular
       
      interactions of kaempferol with the residue in the gouge of 
      Streptococcus pneumonia 
      (2M6U).
    

    
      
    

    
      Moreover, the molecular descriptors obtained for the studied compounds, as shown in 
      
        Tab. 3
      
      , were subjected to 
      Lipinski
       rule of five (
      Molecular Weight ≤ 500, Log P ≤ 5, HBD ≤ 5, and HBA ≤ 10
      )
      
        36
      
       and it was observed that the calculated molecular descriptors obtained from the studied compounds using density functional theory method obeyed the rule. This showed that all compounds used in this work have drug potential.
    

    
    
      
    

    
      Table 3.
       The obtained molecular descriptors.
    

    
    
    
      
        	
          
            Compound
          

        
        	
          
            Molecular formula
          

        
        	
          
            Molecular weight/amu
          

        
        	
          
            Area/Å
            2
          

        
        	
          
            Vol/Å
            3
          

        
        	
          
            PSA
          

        
        	
          
            HBD
          

        
        	
          
            HBA
          

        
        	
          
            POL
          

        
        	
          
            Log P
          

        
      

      
        	
          
            Catechin
          

        
        	
          
            C
            15
            H
            14
            O
            6
          

        
        	
          
            290.271
          

        
        	
          
            284.90
          

        
        	
          
            269.39
          

        
        	
          
            100.612
          

        
        	
          
            5
          

        
        	
          
            6
          

        
        	
          
            61.88
          

        
        	
          
            1.50
          

        
      

      
        	
          
            Epicatechin
          

        
        	
          
            C
            15
            H
            14
            O
            6
          

        
        	
          
            290.271
          

        
        	
          
            282.56
          

        
        	
          
            269.14
          

        
        	
          
            101.091
          

        
        	
          
            5
          

        
        	
          
            6
          

        
        	
          
            61.87
          

        
        	
          
            1.50
          

        
      

      
        	
          
            Kaempferol
          

        
        	
          
            C
            15
            H
            10
            O
            6
          

        
        	
          
            286.239
          

        
        	
          
            276.40
          

        
        	
          
            260.69
          

        
        	
          
            95.604
          

        
        	
          
            4
          

        
        	
          
            6
          

        
        	
          
            61.52
          

        
        	
          
            0.32
          

        
      

      
        	
          
            Quercetin
          

        
        	
          
            C
            15
            H
            10
            O
            7
          

        
        	
          
            302.238
          

        
        	
          
            283.80
          

        
        	
          
            267.49
          

        
        	
          
            113.340
          

        
        	
          
            5
          

        
        	
          
            7
          

        
        	
          
            62.10
          

        
        	
          
            -0.07
          

        
      

    

    
      
    

    
      4. Conclusions
    

    
      
    

    
      Moringa oleifera 
      seed extract could be modified as antibiotic ingredient to combat both Gram-positive and Gram-negative bacterial infections, which could help in some way to reduce or overcome the health challenges caused by bacterial resistance to many locally or commercially available antibiotics. Therefore, isolation of active compounds from 
      Moringa oleifera 
      seed is highly recommended for the discoveries of proficient antibacterial agent that can serve as conventional antibiotics that can constrain or cure the infectious diseases caused by pathogenic bacterial strains. In this work, kaempferol and quercetin inhibited 
      Escherichia coli
       more than other studied compounds. Also, kaempferol possess the ability to inhibit 
      Klebsiella pneumonia
      , 
      Pseudomonas aeruginosa
       and 
      Streptococcus pneumonia
       more than other studied compounds, as well as Quercetin possess the capability to inhibit 
      Staphylococcus aureus
       more than other compounds. The molecular descriptors were also in line with 
      Lipinski
       rule.
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