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Abstract 
The emergence and evolution of antibiotic-resistant bacterial strains has 
shifted interest in herbal therapy. Plants have long been a source of anti-
infective compounds. This study investigated the antibacterial activity and 
phytochemical composition of various Palestinian plants against five human 
pathogenic bacteria. Antibacterial activity was determined using the Agar 
Diffusion Method (ADM), as well as the Minimal Inhibitory Concentration 
(MIC) and Broth Microdilution (BMD) assays. The successful ADM bacterial 
inhibition zones employing plant extracts were Eucalyptus camaldulensis 
Dehn. (E. camaldulensis) 9.35 mm, Allium sativum L. (A. sativum) 8.35 mm, 
Ceratonia siliqua L. (C. siliqua) 7.85 mm, and Amygdalus communis L. (A. 
communis) 7.85 mm. The MIC50 values against the tested microorganisms 
varied from 5.69 to 398.5 mg/mL. Furthermore, the MIC50 values for Gram-
positive bacteria varied from 5.69 to 233.88 mg/mL, whereas the values for 
Gram-negative bacteria ranged from 28.65 to 398.5 mg/mL. Most species of 
bacteria were effectively inhibited by E. camaldulensis and A. sativum 
extracts. For Gram-positive and Gram-negative bacteria, the MIC50 values 
for E. camaldulensis were 39.01-40.38 and 31.60-85.37 mg/mL, respectively. 
The MIC50 values for A. sativum against Gram-positive and Gram-negative 
bacteria were 5.69-14.85 mg/mL and 38.98-200.11 mg/mL, respectively. The 
phytochemicals such as flavonoids, steroids, proteins, carbohydrates, and 
alkaloids in varying amounts, may explain their diverse capability to inhibit 
bacteria. The present study showed that E. camaldulensis, A. sativum, C. 
siliqua and A. communis are valuable Palestinian medicinal plants that 
contain antibacterial agents against the tested bacterial species. However, 
this study serves as a foundation for further pharmaceutical studies. 
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1. Introduction 

Infectious diseases remain the main concern in the world as human-threatening 
pathogens are present at all times and places. An important contributing factor to this 
problem is the global spread of antibiotic-resistant bacteria, which poses a major risk to public 
health worldwide not just through infectious disease outbreaks but also through antibiotic 
resistance epidemics (1–3). The problem of the emergence and development of antibiotic-
resistant strains of bacteria has caused a shift in interest in herbal medicine. Focus has also 
been placed on studying and analyzing what these plants contain of effective substances 
against bacteria and using them as alternatives in the treatment of diseases (4,5). 

Plants have long been a source of anti-infective compounds. Emetine, quinine, and 
berberine remain highly effective antibacterial agents. Herbal remedies have demonstrated 
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promise in the treatment of severe infectious conditions such as HIV opportunistic infections. 
Traditional medicine such as protopyrpyrines and related alkaloids, picralima-type indole 
alkaloids, and Garcinia biflavonones have been demonstrated as effective against a wide 
range of bacteria (6). Worldwide, there has been a renewed interest in natural products due 
to the consumer's belief that natural products are superior as well as dissatisfaction with 
traditional medicines (6,7). 

Based on data from the World Health Organization (WHO), medicinal plants are 
considered valuable source of medicine. Approximately, 80% of people from developed 
countries use traditional medicine, which contains compounds derived from medicinal plants. 
However, such plants should be investigated to better understand their characteristics, safety 
and health efficiency (8). Folk medicine is spreading among the many kinds of people in 
Palestine. A. sativum, C. siliqua, E. camaldulensis and A. communis are among the plants 
commonly used in herbal stores, and many people use them to treat diseases.  

The tested bacteria listed in Table 1 (9–11), were selected in the current investigation 
because they are likely to be extensively distributed in Palestine due to poor health standards 
and a lack of public health awareness (12). In addition, those human pathogenic bacteria are 
the interest and the target of many researchers in Palestine (13). This research is 
complementary and a continuation of the study note presented at the conference (13,14), in 
which a more in-depth study was conducted using methods for measuring the antibacterial 
efficacy of plants and using statistical analysis to compare them. Qualitative and quantitative 
analysis of the phytochemicals were also performed. Since Folk medicine is not based on 
scientific foundations, the current research is conducted to shed light on the antibacterial 
activity of sap extracted from those plants against five species of notably pathogenic bacteria 
of the human race (Table 1). 

 
Table 1. Diseases caused by the studied bacterial species. 

Bacteria Disease Reference 

Proteus vulgaris (P. vulgaris) Urinary tract infection (9) 

Klebsiella pneumoniae (K. 
pneumoniae) 

Pneumonia in human (10) 

Escherichia coli (E. coli) 
Urinary tract infection, and some strains 
cause traveler’s diarrhea and serious 
foodborne illness 

(10) 

Staphylococcus aureus (S. 
aureus) 

Infection of surgical wounds and toxic 
shock syndrome as well as food poisoning 

(10) 

Bacillus subtilis (B. subtilis) 
Infection of central nerve system and 
pyogenic meningitis 

(11) 

 
2. Materials and Methods 
2.1. Sample Collection 

Fresh leaf samples of A. communis, C. siliqua and E. camaldulensis and samples of A. 
sativum cloves were collected from different Palestinian regions including Jenin (32.48333°N 
35.3°E), Nablus (32.26667°N 35.26667°E) and Tulkarm (32°18′40″N 35°01′51″E) cities. The 
plants were identified according to Ali-Shtayeh and Jamous (15). 
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2.2. Sap Preparation 
The laboratory work was done in both Microbiology and Biochemistry laboratories/ 

Department of Biology and Biotechnology/ The Arab American University of Palestine. 
Samples from each plant were dried for 3 hours at 45 °C and soaked for 2 hours in sterile 
distilled water (1:20 (w/v)) (16). The suspension was pressed and filtered through fine-mesh 
sieves then clarified by low-speed centrifugation at 2000 ɡ for 4 minutes. The supernatants 
(about 100 mL each) were collected and transferred into clean falcon tubes labeled, then 
stored frozen at –20 °C. The supernatants were dried at 45 °C, weighed and resuspended in 
sterile normal saline (0.9% NaCl) to obtain a concentration of 1000 mg/mL. 
 
2.3. Preparation of Bacterial Inoculum  

The antimicrobial activity of plant extracts was evaluated using five bacterial strains of 
which were American Type Culture Collection (ATCC); P. vulgaris (ATCC 8427), K. pneumonia 
(ATCC 13883), E. coli (ATCC 25922), S. aureus (ATCC 25923) B. subtilis (ATCC 21332). The 
tested bacteria were cultured separately in sterile Mueller-Hinton broth then incubated at 37 
°C. Inoculum was obtained by taking colonies from 24 hours cultures. Colonies were 
suspended in sterile saline (0.9% NaCl) and shaken vigorously for 15 seconds. Density was 
adjusted to turbidity according to a 0.5 McFarland standard (equivalent to 1–5 x 108 colony 
forming units per milliliter (CFU/mL) for bacteria (17) with some modifications. 
 
2.4. Seeding of Petri Plates 

Seeding was done separately in different Petri dishes containing Mueller-Hinton agar 
by transferring 0.5 mL of the bacterial suspension into the surface of each plate, then the total 
volume was spread using a sterile hockey stick glass rod (18).  
 
2.5. Antibacterial Activities of Plant Saps Against a Bacterial Mixture 

Bacterial mixture of the previously mentioned bacterial types was prepared at an even 
ratio by which each bacterium forms one-fifth of the total volume. The mixture was stirred 
vigorously and stored for 30 minutes at 37 oC. Seeding of the bacterial mixture was done as 
pointed above. The antibacterial activity of the plant saps was evaluated according to the 
ADM (10). Hence, 30 μL of plant extract diluted to 100 mg/mL was added to each sterile filter-
paper disc (12.7 mm diameter) before being placed on seeded Petri plates. The plates were 
then incubated at 37 oC for 24 hours, and the zones of bacterial inhibition (between the disc 
center and the edge of bacterial growth) were determined. Control samples were made by 
dipping the discs in sterile normal saline in the same way. 
 
2.6. Antibacterial Activities of Plant Extracts Against Bacterial Species 

The antibacterial activities of the plant sap were studied against the tested bacterial 
species listed above (Table 1). Separate cultures of bacterial species grown in Petri dishes 
from Muller-Hinton agar as described above. Plant extracts were tested against bacteria, 
either alone or in combination mixed in equal proportions according to the principles of 
probability, which states that the saps of each other participate in all possible combinations. 
Antibacterial activity was evaluated in Petri dishes as pointed above. 
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2.7. Minimal Inhibitory Concentration (MIC) and Broth Microdilution (BMD) assays 
Antibacterial activity assays were performed using flat bottom 96-well microtiter plates 

(19). Bacterial cell suspensions were prepared in Muller-Hinton broth with an optical density 
equivalent to 0.5 McFarland standard. Negative control samples of broth only and positive 
control samples of broth inoculated with bacterial cells were also included in each plate. Serial 
dilutions of each sample of plant extracts were prepared to obtain final concentrations 
ranging from 100 to 12.5 mg/mL. Therefore, 20–2.5 μL of plant extract per well was added 
along with 20 μL of bacterial culture and volumes of Mueller-Hinton broth to give a total 
volume of 200 μL. After 24 hours of incubation at 37 °C, bacterial growth was observed by 
visual inspection in the wells and compared with positive and negative controls. Absorbance 
was measured with a microliter plate reader at 570 nm. MIC was determined using the 
following formula (20,21): Percentage of inhibition = 1 − (Optical density (OD) test/OD Positive 
Control) × 100. In addition, the MIC50 was calculated based on the linear equations of the 
standard MIC curves versus the concentration of the plant extracts. MIC was performed only 
for the saps of the tested plants separately without combination as the results of the ADM 
showed neither synergistic nor accumulative effect of the mixtures. 
 
2.8. Sample Preparation for Phytochemical Analysis 

Fresh leaf samples of C. siliqua, A. communis, E. camaldulensis, and A. sativum were 
oven-dried at 52 oC for 24 hours. After crushing, the dry samples were soaked with distilled 
water to make 1:5 (w/v) concentration, then centrifuged at 2000 rpm for 5 minutes. The 
supernatants were collected and stored at 4 oC for further work. 
 
2.9. Qualitative Phytochemical Analysis 

The presence of biologically active substances in plant extracts have been tested using 
the following standard methods: 
 
2.9.1. Test for Phenols and Tannins  

2 mL of 2% solution of FeCl3 was mixed with crude extract. The presence of phenols and 
tannins was indicated by a blue-green or black coloration (22). 
 
2.9.2 Alkaline Reagent Test for Flavonoids 

2 mL of 2% solution of NaOH was mixed with the crude extract. Flavonoids were 
indicated by formation of an intense yellow color that becomes colorless with the addition of 
a few drops of dilute acid. 
 
2.9.3 Test for Saponins  

5 mL of distilled water in a test tube was mixed with crude extract and shaken 
vigorously. The stable foam (frothing) formation was considered as an indication for the 
presence of saponins (23). 
 
2.9.4. Test for Steroid  

2 mL of chloroform was mixed with the crude extract and the concentrated H2SO4 was 
added sidewise. The resulting red color in the chloroform substrate indicates the presence of 
steroids (22). 
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2.9.5. Test for Alkaloids  
2 mL of 1% HCl was thoroughly mixed with the crude extract and gently heated. Then 

Mayer and Wagner reagents were added to the mixture. The presence of alkaloids was 
indicated by the turbidity of the resulting precipitate (23). 
 
2.10. Quantitative Phytochemical Analysis 

The amount of biologically active substances in the plant extracts was tested using the 
following standard methods: 
 
2.10.1. Reducing Sugar Content 

1 mL of each sample was added to 1 mL of Benedict’s reagent and dipped in boiling 
water for 5 minutes. Color change was observed and the absorbance at 537 nm was measured 
for each tube using a spectrophotometer. The concentration of reducing sugar was estimated 
using a standard curve generated using GraphPad prism 8. 2-5% of pure aqueous glucose 
solutions were used as positive control (24). 
 
2.10.2. Nonreducing Sugars 

190 µL HCl was added to I mL of each sample and heated in boiling water for 5 minutes, 
the pH of each sample was neutralized with 190 µL NaCl and the Benedict test was done as 
pointed above. The concentration of nonreducing sugar was calculated using a standard curve 
generated using GraphPad prism 8. 
 
2.10.3. Total Protein 

Ninhydrin reagent was added to each sample (1:1 (v/v)) and mixed well. The samples 
were dipped in boiling water for 3 minutes and the violet coloration was observed and 
measured in spectrophotometer at 357 nm. The concentration of protein was calculated 
using a standard curve generated using GraphPad prism 8. Lysine (1-5%) solutions were used 
as positive control reference (25). 
 
2.10.4. Total Starch 

Lugol’s test was used for the samples to determine the amount of starch (26), pure 
starch solutions (10-5-10-2) were used as positive control references and treated alike. Sample 
coloration was measured at 357 nm using a spectrophotometer. The concentration of starch 
was calculated using a standard curve generated using GraphPad prism 8. 
 
2.10.5. Total Phenolic Content 

Folin-Ciocalteu reagent method was used to determine the total amount of phenol in 
the aqueous extract (21,27). 1 mL of plant extract was mixed with 2 mL of 2% solution of 
Na2CO3 and 2.5 mL of 10% Folin-Ciocalteu reagent at room temperature. 15 minutes later, 
the absorbance was measured at 765 nm using gallic acid as a standard. The tests were 
performed twice. The standard curve used to determine the results that were expressed as 
gallic acid equivalent (1 mg GAE/L of extracted compound).  
 
2.11. Statistical Analysis 

Each experiment was conducted in triplicates, results and values are expressed as mean 
± SD. Multiple comparisons were performed by one-way ANOVA followed by Dunnett’s test 
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for antimicrobial activity of plant saps and two-way ANOVA for polyphenol content using 
GraphPad PRISM 8. Significance was established at P ˂ 0.05. 
 

3. Results and Discussion  
3.1. Antibacterial Activities of Plant Saps Against a Bacterial Mixture 

Evaluation of the antibacterial activities based on the filter disc method showed that 
plant saps extracted from E. camaldulensis, A. sativum, C. siliqua  and A. communis had 
antibacterial activities against the bacterial mixture. Moreover, both E. camaldulensis and A. 
sativum showed the strongest antibacterial activity among the four tested plants. These 
plants showed inhibition zone diameters of 9.35 and 8.35 mm, respectively (Table 2, Figure 
1). 

 
Table 2. Zones of ADM produced by the tested plant extracts. 

Common 
Name 

Scientific Name Parts Used 
Zone diameter 

(mm) 

Garlic Allium sativum L. Cloves 8.35 

Almond Amygdalus communis L. Leaves 7.58 
Carob Ceratonia siliqua L. Leaves 7.85 
Eucalyptus Eucalyptus camaldulensis Dehn. Leaves 9.35 

 

 
Figure 1. ADM showing the zones of bacterial growth inhibition. 

 
3.2. Antibacterial activities of plant saps against bacterial species 

The results revealed that the extracts of A. sativum and E. camaldulensis have the 
maximum antibacterial activity against most tested bacterial types. In addition, the mixture 
of E. camaldulensis and A. sativum have a strong ability to inhibit most species of the tested 
bacteria. Furthermore, the mixture of C. siliqua and A. sativum, the mixture of C. siliqua, E. 
camaldulensis and A. communis and the mixture of A. communis, A. sativum , C. siliqua  and 
E. camaldulensis have significant results as antibacterial agents against most tested bacterial 
species. The other treatments revealed an intermediate efficiency against bacteria except the 
A. communis and the mixture of A. communis and E. camaldulensis that have the lowest effect 
(Figure 2). 
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Figure 2. Antimicrobial activity of plant extracts against a) K. pneumoniae, b) B. subtilis, c) P. 

vulgaris, d) E. coli, e) S. aureus and f) bacterial mixture. For extracts (G) represents A. sativum, (C) C. 
siliqua, (A) A. communis and (R) E. camaldulensis. (MIX) represents all extracts mixture, (NS) for normal 
saline.  Each bar represents mean ± SD of three different experiments carried out in triplicates. The 
asterisk indicates statistically significant difference from control which was calcu-lated using a one-
way ANOVA followed by Dunnett’s multiple comparisons test. (* p < 0.05 vs. LPS,** p < 0.01 vs. LPS, 
and *** p < 0.001 vs. LPS).  

 
In addition, the results showed that A. sativum  and the mixture of A. sativum  and C. 

siliqua  have the maximum antibacterial effectiveness against S. aureus, whereas, the mixture 
of A. communis and E. camaldulensis revealed the minimum ability against the bacterium. E. 
coli was efficiently inhibited by A. communis, A. sativum, and E. camaldulensis and also by the 
mixture of A. sativum and E. camaldulensis. P. vulgaris was strongly inhibited by the E. 
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camaldulensis, whereas, the other saps revealed either an intermediate or low inhibition 
value against it. B. subtilis was strongly inhibited by A. sativum and the other saps showed an 
intermediate or low inhibition for this pathogen. For the K. pneumoniae, most saps revealed 
an intermediate inhibition except the A. communis, which showed the lowest inhibition value 
(Figure 2). 
 
3.3. Broth Microdilution Assay 

The results of BMD assay showed that all examined plants are with good efficacy against 
the tested bacteria, where when calculating the MIC50 based on the standard curves, these 
values ranged from 5.69-398.5 mg/mL for all tested plants against bacterial species that were 
studied (Figure 3). In addition, the values of MIC50 against Gram-positive bacteria were 
ranging from 5.69-233.88 mg/mL, while the values of the same assay for Gram-negative 
bacteria were ranging from 28.65-398.5 mg/mL. It was found from the results obtained from 
MIC that E. camaldulensis and A. sativum extracts were generally effective against most types 
of bacteria. The MIC50 of E. camaldulensis ranged from 39.01-40.38 and from 31.60-85.37 
mg/mL for Gram-positive and Gram-negative bacteria respectively.  For A. sativum, the MIC50 
against Gram-positive and Gram-negative were 5.69-14.85 and 38.98-200.11 mg/mL 
respectively. B. subtilis was highly sensitive to A. sativum and E. camaldulensis extracts, with 
MIC50 values of 5.69 and 39.01 mg/mL, respectively. Also, the extracts of these two plants 
were superior in effect against S. aureus, as the MIC50 values were 14.85 and 40.38 mg/mL, 
respectively (Figure 3).  
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Figure 3. Standard curves of BMD and MIC50 of plant extracts against the tested bacteria. 

 
For Gram-negative bacteria, K. pneumoniae was sensitive to extracts of C. siliqua and E. 

camaldulensis leaves, as the MIC50 values for them were 28.65 and 38.48 mg/mL, 
respectively. A. sativum and A. communis leaf extracts were effective against E. coli, as their 
MIC50 values were 38.98 and 65.49  mg/mL, respectively. As for P. vulgaris, E. camaldulensis, 
C. siliqua, and A. sativum were the most effective against it, as the MIC50 values for them 
were 31.60, 52.62, and 56.71 mg/mL, respectively (Figure 3). 

Plant antimicrobials represent a large, untapped resource for medicines that have 
enormous therapeutic potential.  Plant antimicrobials are effective in treating infectious 
diseases while at the same time alleviating many of the side effects often associated with 
synthetic antimicrobials (28). Plant-derived medicines are showing great contributions to 
mankind in treating infections of pathogenic bacteria (29). The results illustrated that the 
human pathogenic bacteria may be inhibited by natural products from the plants growing in 
Palestinian environment. In this regard, the results revealed that A. communis, C. siliqua, E. 
camaldulensis and A. sativum are effective medicinal plants to inhibit the growth of the tested 
bacteria. These plants must contain quantities of antibacterial phytochemicals  that enable 
them to have this effect. Also, the combination mixtures from these plants were also effective 
against the tested bacteria, this means that their active materials are not antagonistic and 
can work together to achieve the antibacterial effects. In this regard, Gupta and Ravishankar 
(30) showed that A. sativum paste is a potent antibacterial against E. coli O157:H7. The use 
of garlic extract reduced the likelihood of quality degradation in tuna fillets during storage 
(31). A. sativum has an excellent antimicrobial effect against intestinal bacteria, including E. 
coli, and is recommended for patients with gastroenteritis (32). 

It has been demonstrated that A. sativum possesses antibacterial properties that 
protect against a variety of bacteria, including strains that are resistant to drugs (33). A. 
sativum antibacterial properties come from its organosulfur components, particularly allicin 
(34). Additionally, A. sativum extracts can increase the effectiveness of various medicines 
against drug-resistant bacteria, including ciprofloxacin and gentamycin (33). A. sativum was 
the most often used herbal remedy among diabetes patients, according to a study done in 
Palestine, which also improved their lipid profiles and blood glucose levels (35). According to 
reports, certain Gram-positive and Gram-negative bacteria, including P. aeruginosa, B. 
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subtilis, S. aureus, and E. coli, are susceptible to the antibacterial activity of A. communis. The 
phenolic chemicals found in A. communis, including epicatechin, gallic acid, and catechin, are 
responsible for their antibacterial properties. In Palestine, A. communis oil has also long been 
used as a traditional treatment for wounds and skin ailments (36). Antibacterial activity of C. 
siliqua against pathogenic microorganisms like Vibrio cholerae, Shigella sonnei, and 
Salmonella typhimurium has been observed. Robusta's antibacterial properties are associated 
with its tannins, flavonoids, and saponins. Palestinians grow and eat a lot of C. siliqua, which 
has been used to heal sore throats, coughs, and diarrhea (37). It has been shown that E. 
camaldulensis possesses antibacterial activity against certain bacteria that cause respiratory 
infections, including Moraxella catarrhalis, Haemophilus influenzae, and Streptococcus 
pneumoniae. The essential oil of E. camaldulensis, which includes limonene, alpha-pinene, 
and eucalyptol, is what gives it its antibacterial properties. Palestine also grows E. 
camaldulensis, which has been used to treat fever, bronchitis, and asthma with its leaves and 
blooms (38). 
 
3.4. Qualitative Phytochemical Analysis 

Table 3 represents the phytochemical characteristics of the tested plants with 
antibacterial activity. The medically active compounds were detected in most tested plant 
samples including phenols, flavonoids, steroids, proteins, carbohydrates, and alkaloids. 
Saponins were absent in all the plants. Phenols were detected in high amount in both E. 
camaldulensis and C. siliqua. Steroids were absent only in the leaves of A. sativum and E. 
camaldulensis. Carbohydrates were detected in all tested samples while proteins were absent 
only in E. camaldulensis. 
 

Table 3. Phytochemical constituents of the tested medicinal plants. 

Plant A. communis A. sativum E. camaldulensis C. siliqua 

Phenols + + +++ +++ 

Flavonoids + + + + 
Saponins - - - - 
Steroids + - - + 
Proteins + + + + 

Carbohydrates + + + + 

Alkaloids - + - - 

A positive sign (+) represents a low amount while (+++) a high amount of the compound.  
(-) represents its   absence 

 
3.5. Quantitative Phytochemical Analysis 

The quantitative Benedict’s reaction showed that A. communis extract contained the 
highest amount of sugar, amounting to 72.71 mg/g, followed by E. camaldulensis containing 
67.77 mg/g, then C. siliqua and A. sativum with amounts of 60.91 mg/g, 48.12 mg/g, 
respectively. For non-reducing sugar, the highest content was in A. sativum 81.25 mg/g, then 
C. siliqua 77.61 mg/g. In addition, Lugol's reaction showed that E. camaldulensis leaf extract 
is the most starch-containing extract 25.22 mg/g, followed by A. communis, A. sativum and C. 
siliqua in decreasing order. For the protein content in these plants, Ninhydrin test showed 
similar amounts of protein in these plants, the highest of which was in A. sativum (44.04 
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mg/g), then E. camaldulensis, A. communis, and C. siliqua, respectively (Table 4). The total 
phenolic contents obtained by the Folin-Ciocalteu reagent method were 338, 39.2, 86.5, 338 
mg GAE/L for E. camaldulensis, A. sativum, A. communis and C. siliqua respectively. E. 
camaldulensis and C. siliqua revealed much higher content of the total phenol compared with 
the other tested plants, whilst A. sativum showed the lowest phenol content of the tested 
plants (Figure 4). 

Phytochemical analysis revealed the presence of components known to have medicinal 
effect as well as antibacterial activities (39). Regarding the total phenol content, the results 
showed that E. camaldulensis and C. siliqua contain high amounts of phenols, and this 
probably explains their great ability to inhibit bacteria. In addition, the activity of A. sativum 
and A. communis on bacteria can be explained by the fact that they contain certain amounts 
of the same substances. Phenolic compounds are one of the largest and most abundant 
compounds of plant metabolites (40). Beside their biological properties such as antitoxic, 
antiaging, anticancer, many phenolic compounds may exhibit significant antibacterial activity. 
Furthermore, it was proved that polyphenolic compounds have antibacterial properties that 
may exhibit significant antibacterial activity against both Gram-positive and negative bacteria 
as well as foodborne pathogenic or food-spoiling bacterial strains (41). Flavonoids are known 
to be antibacterial agents against a wide range of pathogenic microorganisms (42). Their 
varying antibacterial properties can be explained by the fact that all of the plants under study 
contain flavonoids. One possible explanation for the activity of flavonoids is their capacity to 
form complexes with extracellular and soluble proteins that are complexed with bacterial 
cells (43). On the other hand, the studies have shown the role of steroids as antibacterial 
agents, and this explains the ability of plants such as A. communis and C. siliqua to inhibit 
bacteria, as the results revealed that these plants contain certain amounts of such chemicals 
(44). 

The results showed that plants contain abundant amounts of protein and carbohydrate, 
which supports their different abilities in inhibiting bacteria. As a type of the defense 
response, plants manufacture toxic molecules, including antimicrobial peptides, to kill or 
inactivate pathogens by interacting with phospholipids and permeabilizing the membrane. 
Some peptides have cell penetrating action which are able to introduce many cargoes into 
cells in the absence of specific receptors by interacting with membrane phospholipids (45–
48). Such peptides found in roots, seeds, flowers, stems, and leaves have been reported to 
have activities against bacteria that are also pathogenic to humans (49). In addition, certain 
carbohydrates may exhibit antibacterial activity when extracted from plants. Fructose 
extracted from Vaccinium spp exhibited antibacterial activity (28). Glycosides together with 
other phytochemicals extracted from Oroxylum indicum leaves exhibited antibacterial 
activities against B. subtilis, S. aureus, E. coli, and P. aeruginosa (50,51). 
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Table 4. Total amount of phytochemical in plant extracts. 

Plant Non-reducing Starch Benedict Ninhydrin 

E. camaldulensis 75.34±2.1 25.11±4.5 67.77±4.6 43.92±3.2 

A. sativum  81.25±3.3 15.06±2.2 48.12±2.6 44.04±4.2 

A. communis 59.51±1.7 20.50±3.2 72.71±2.2 41.43±4.3 

C. siliqua  77.61±2.2 14.69±4.2 60.91±1.9 40.76±2.6 

*conc mg/g (Interpolated) 

 

Figure 4. Polyphenol content mg/g of E. camaldulensis, A. sativum, A. communis and C. siliqua plants. 
Each bar represents mean ± SD of three different experiments carried out in triplicates. Asterisk 
indicates statistically difference in means which was calculated using two-way ANOVA. 
 

The results showed that the Gram-positive bacteria including B. subtilis and S. aureus 
were affected by the plant extracts more than the Gram-negative ones including P. vulgaris, 
K. pneumoniae and E. coli. Generally, most Gram-negative bacteria are not susceptible to 
substances as the Gram-positive bacteria. The lower susceptibility of Gram-negative bacteria 
may be attributed to the composition of the cell wall which consists of one or a very few layers 
of peptidoglycan and the outer membrane which consist of lipopolysaccharide, lipoprotein 
and phospholipids. Also, the outer membrane acts as a barrier that may inhibit the entry of 
antimicrobials and the Gram-negative bacteria have fewer peptide cross-bridges (10,52). 
Therefore, P. vulgaris, E. coli and K. pneumoniae showed relative resistance against 
antibacterial agents in plant saps as they possess Gram-negative cells with outer layers. On 
the other hand, Gram-positive bacteria as B. subtilis  and S. aureus showed a significant 
inhibition by different plant saps. This finding may be attributed to the structure of the Gram-
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positive cells that are liable and easily destroyed by antimicrobials and other chemicals which 
occur naturally in some plant cells (10). 

 

4. Conclusions 
The present findings demonstrated the importance of native flora as sources of 

antibacterial agents against bacteria for human life. The results also revealed the possibility 
of using these plants against bacteria that infect humans and using them in the 
pharmaceutical industry for new drug preparations. Since these substances come from 
natural resources, the risk of their side effects on human health and the environment may be 
minimal. Therefore, their use may fully or partially replace the use of synthetic antibacterial 
drugs with harmful side effects. The results of the ADM were consistent with the results of 
the MIC in determining the antibacterial effect of the plant sap. The ADM was suitable for 
measuring and comparing the antimicrobial activity of plant sap, while the MIC is more 
suitable for determining the accurate concentration of the antibacterial substance which can 
be used for further clinical and pharmacological studies. Gram-positive bacteria were more 
sensitive to the test plant extracts than Gram-negative bacteria, based on MIC50 values. 
Additionally, E. camaldulensis and A. sativum extracts were typically efficient against most 
bacteria, according to MIC values. However, this study will likely provide scientific data that 
will enable the application of these plants as herbal remedy with antibacterial properties and 
serve as a foundation for further pharmaceutical research. 

 
Acknowledgements 

The authors would like to thank the Deanship of Scientific Reassert/The Arab American 
University of Palestine (AAUP) for the generous funding.  We sincerely thank Prof. Hilal Zaid 
from the Faculty of Medicine/ AAUP for providing materials and laboratory work. 
 

Author Contributions 
H.S. Conceptualization, Writing- Original draft preparation, Reviewing and Editing, 

Supervision, Resources. S.K. Reviewing, Resources. B.M. Reviewing, Formal analysis. Y.A. 
Investigation, Reviewing. Z.A.A. Investigation, Reviewing. A.K. Validation Reviewing and 
Editing. All authors contributed to the study concept and design. All authors gave final 
approval to the submitted paper, and agreed to be accountable for all aspects of the work.  

 

Funding 
Deanship of Scientific Reassert/The Arab American University of Palestine (AAUP), 

2022/2023, has funded this research. 
 

Institutional Review Board Statement 
Not applicable. 

 

Data Availability Statement 
The data that support the findings of this study are openly available in Zenodo at 

http://doi.org/10.5281/zenodo.7812260. 
 

 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (1): 15–32 

 

29 

Conflicts of Interest 
The authors declare that they have no competing interests. 

 
References 
1. Bloom DE, Cadarette D. Infectious disease threats in the twenty-first century: 

strengthening the global response. Front Immunol. 2019;10:549. Available from: 
https://doi.org/10.3389/fimmu.2019.00549.  

2. Mills MC, Lee J. The threat of carbapenem-resistant bacteria in the environment: 
Evidence of widespread contamination of reservoirs at a global scale. Environ Pollut 
[Internet]. 2019;255:113143. Available from: 
https://doi.org/10.1016/j.envpol.2019.113143.  

3. Samreen, Ahmad I, Malak HA, Abulreesh HH. Environmental antimicrobial resistance 
and its drivers: a potential threat to public health. J Glob Antimicrob Resist [Internet]. 
2021;27:101–11. Available from: https://doi.org/10.1016/j.jgar.2021.08.001.  

4. Maiyo ZC, Ngure RM, Matasyoh JC, Chepkorir R. Phytochemical constituents and 
antimicrobial activity of leaf extracts of three Amaranthus plant species. African J 
Biotechnol. 2010;9(21):3178–82.  

5. Erfan AM, Marouf S. Cinnamon oil downregulates virulence genes of poultry 
respiratory bacterial agents and revealed significant bacterial inhibition: An in vitro 
perspective. Vet World. 2019;12(11):1707–15. Available from: 
10.14202/vetworld.2019.1707-1715.  

6. Qadri H, Haseeb Shah A, Mudasir Ahmad S, Alshehri B, Almilaibary A, Ahmad Mir M. 
Natural products and their semi-synthetic derivatives against antimicrobial-resistant 
human pathogenic bacteria and fungi. Saudi J Biol Sci [Internet]. 2022;29(9):103376. 
Available from: https://doi.org/10.1016/j.sjbs.2022.103376.  

7. Tzeng SY, Ertz M, Jo MS, Sarigöllü E. Factors affecting customer satisfaction on online 
shopping holiday. Mark Intell Plan [Internet]. 2021;39(4):516–32. Available from: 
10.1108/MIP-08-2020-0346.  

8. Arunkumar S, Muthuselvam M. Analysis of phytochemical constituents and 
antimicrobial activities of Aloe vera L. against clinical pathogens. World J Agric Sci 
[Internet]. 2009;5(5):572–6.  

9. Drzewiecka D. Significance and Roles of Proteus spp. Bacteria in Natural Environments. 
Microb Ecol [Internet]. 2016;72(4):741–58. Available from: 10.1007/s00248-015-0720-
6.  

10. Tortora GJ, Funke BR, Case CL. Microbiology: An Introduction [Internet]. New York: 
Pearson; 2013.(Always learning).  

11. Tsonis I, Karamani L, Xaplanteri P, Kolonitsiou F, Zampakis P, Gatzounis G, et al. 
Spontaneous cerebral abscess due to Bacillus subtilis in an immunocompetent male 
patient: A case report and review of literature. World J Clin Cases. 2018;6(16):1169.  

12. Sawalha H, Mowais MA. Bacterial contamination of paper banknotes in circulation; a 
case study in the Jenin district, Palestine. J Sci. 2012;1(2):36–9.  

13. Adwan G, Abedraboo E, Adwan K, Al-Sheboul S. Characterization of indoor air bacterial 
isolates from Rafidia Hospital, Nablus-Palestine. Arch Curr Res Int. 2016;1–11.  

14. Sawalha H. Alternative Medicine Against Certain Human Infectious Serious Bacterial 
Diseases In Palestine. Proc WRFASE Int Conf [Internet]. 2022;21.  

15. Ali-Shtayeh MS, Jamous RM. Ethnobotany of Palestinian herbal medicine in the 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (1): 15–32 

 

30 

northern West Bank and Gaza Strip: review and comprehensive field study. Biodivers 
Environ Sci Stud Ser. 2006;4:1–122.  

16. Müller J, Heindl A. Drying of medicinal plants. In: Environmental Science, Medicine 
[Internet]. 2006.  

17. Heuser E, Becker K, Idelevich EA. Evaluation of an Automated System for the Counting 
of Microbial Colonies. Microbiol Spectr. 2023;11(4):e00673-23. Available from: 
https://doi.org/10.1128/spectrum.00673-23.  

18. Strohl WA, Rouse H, Fisher BD. Lippincott’s illustrated reviews: microbiology. Vol. 1, 
USA. 2001. 337–347 p.  

19. Hulankova R. The Influence of Liquid Medium Choice in Determination of Minimum 
Inhibitory Concentration of Essential Oils against Pathogenic Bacteria. Antibiotics. 
2022;11(2). Available from: 10.3390/antibiotics11020150.  

20. Mahamat O, Oulianovie GK, Christopher T, Albert K. Total Flavonoid Extract of 
Pseudoce-drela kotschyi (Schweinf) Harms (Meliaceae) Inhibits the Pro-Inflammatory 
Function of Asthmatic Pa-tients Neutrophils. Int J Immunol Immunother. 2020;7:40. 
Available from: 10.23937/2378-3672/1410040.  

21. Hussain F, Shahid M, Zulfiqar S, Hafeez J. Probing the comparative bioefficacy of Allium 
sativum L. Bulb through different solvents. J Mex Chem Soc. 2021;65(4):469–79. 
Available from: https://doi.org/10.29356/jmcs.v65i4.1532.  

22. Yadav RNS, Agarwala M. Phytochemical analysis of some medicinal plants. J Phytol. 
2011;3(12).  

23. Abba D, Inabo HI, Yakubu SE, Olonitola OS. Antibacterial activity of some powdered 
herbal preparations marketed in Kaduna metropolis. Sci World J. 2009;4(1). Available 
from: 10.4314/swj.v4i1.51833.  

24. Simoni RD, Hill RL, Vaughan M. Benedict’s Solution, a Reagent for Measuring Reducing 
Sugars: the Clinical Chemistry of Stanley R. Benedict. J Biol Chem [Internet]. 
2002;277(16):e5–6. Available from: 10.1016/s0021-9258(19)61050-1.  

25. Othmer DF. Kirk-Othmer encyclopedia of chemical technology. Wiley; 1978.  
26. Hu SY, Zhao XL, Zhao FH, Wei LH, Zhou Q, Niyazi M, et al. Implementation of visual 

inspection with acetic acid and Lugol’s iodine for cervical cancer screening in rural 
China. Int J Gynecol Obstet [Internet]. 2023;160(2):571–8. Available from: 
https://doi.org/10.1002/ijgo.14368.  

27. Aiyegoro OA, Okoh AI. Preliminary phytochemical screening and In vitro antioxidant 
activities of the aqueous extract of Helichrysum longifolium DC. BMC Complement 
Altern Med [Internet]. 2010;10(1):21. Available from: 10.1186/1472-6882-10-21.  

28. Khameneh B, Iranshahy M, Soheili V, Fazly Bazzaz BS. Review on plant antimicrobials: 
a mechanistic viewpoint. Antimicrob Resist Infect Control [Internet]. 2019;8(1):118. 
Available from: 10.1186/s13756-019-0559-6.  

29. Burman S, Bhattacharya K, Mukherjee D, Chandra G. Antibacterial efficacy of leaf 
extracts of Combretum album Pers. against some pathogenic bacteria. BMC 
Complement Altern Med [Internet]. 2018;18(1):213. Available from: 10.1186/s12906-
018-2271-0.  

30. Gupta S, Ravishankar S. A Comparison of the Antimicrobial Activity of Garlic, Ginger, 
Carrot, and Turmeric Pastes Against Escherichia coli O157:H7 in Laboratory Buffer and 
Ground Beef. Foodborne Pathog Dis [Internet]. 2005;2(4):330–40. Available from: 
10.1089/fpd.2005.2.330.  



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (1): 15–32 

 

31 

31. Yolanda DS, Dirpan A, Rahman ANF, Djalal M, Hidayat SH. The potential combination 
of smart and active packaging in one packaging system in improving and maintaining 
the quality of fish. Canrea J Food Technol Nutr Culin J. 2020;3(2):74–86. Available from: 
10.20956/canrea.v3i2.357.  

32. Al-Talib H, Ali NDM, Suhaimi MH, Rosli SSN, Othman NH, Mansor NAS, et al. 
Antimicrobial effect of Malaysian vegetables against enteric bacteria. Asian Pac J Trop 
Biomed [Internet]. 2016;6(3):211–5. Available from: 
https://doi.org/10.1016/j.apjtb.2015.12.009.  

33. Magryś A, Olender A, Tchórzewska D. Antibacterial properties of Allium sativum L. 
against the most emerging multidrug-resistant bacteria and its synergy with antibiotics. 
Arch Microbiol [Internet]. 2021;203(5):2257–68. Available from: 10.1007/s00203-021-
02248-z.  

34. Oyawoye OM, Olotu TM, Nzekwe SC, Idowu JA, Abdullahi TA, Babatunde SO, et al. 
Antioxidant potential and antibacterial activities of Allium cepa (onion) and Allium 
sativum (garlic) against the multidrug resistance bacteria. Bull Natl Res Cent [Internet]. 
2022;46(1):214. Available from: 10.1186/s42269-022-00908-8.  

35. Bhatwalkar SB, Mondal R, Krishna SBN, Adam JK, Govender P, Anupam R. Antibacterial 
Properties of Organosulfur Compounds of Garlic (Allium sativum). Front Microbiol. 
2021;12(July):1–20. Available from: 10.3389/fmicb.2021.613077.  

36. Baran MF, Keskin C, Baran A, Eftekhari A, Omarova S, Khalilov R, et al. The Investigation 
of the Chemical Composition and Applicability of Gold Nanoparticles Synthesized with 
Amygdalus communis (Almond) Leaf Aqueous Extract as Antimicrobial and Anticancer 
Agents. Molecules. 2023;28(6). Available from: 10.3390/molecules28062428.  

37. Ben Othmen K, Garcia-Beltrán JM, Elfalleh W, Haddad M, Esteban MÁ. Phytochemical 
Compounds and Biological Properties of Carob Pods (Ceratonia siliqua L.) Extracts at 
Different Ripening Stages. Waste and Biomass Valorization [Internet]. 
2021;12(9):4975–90. Available from: 10.1007/s12649-021-01352-x.  

38. Nwabor OF, Singh S, Marlina D, Voravuthikunchai SP. Chemical characterization, 
release, and bioactivity of Eucalyptus camaldulensis polyphenols from freeze-dried 
sodium alginate and sodium carboxymethyl cellulose matrix. Food Qual Saf [Internet]. 
2020;4(4):203–12. Available from: 10.1093/fqsafe/fyaa016.  

39. Sofowora A. Research on medicinal plants and traditional medicine in Africa. J Altern 
Complement Med. 1996;2(3):365–72.  

40. Singh R, Singh S, Kumar S, Arora S. Evaluation of antioxidant potential of ethyl acetate 
extract/fractions of Acacia auriculiformis A. Cunn. Food Chem Toxicol [Internet]. 
2007;45(7):1216–23. Available from: https://doi.org/10.1016/j.fct.2007.01.002.  

41. Bouarab-Chibane L, Forquet V, Lantéri P, Clément Y, Léonard-Akkari L, Oulahal N, et al. 
Antibacterial properties of polyphenols: Characterization and QSAR (Quantitative 
structure-activity relationship) models. Front Microbiol. 2019;10(APR). Available from: 
10.3389/fmicb.2019.00829.  

42. Xie Y, Yang W, Tang F, Chen X, Ren L. Antibacterial activities of flavonoids: structure-
activity relationship and mechanism. Curr Med Chem. 2015;22(1):132–49.  

43. Murphy CM. Plant Products as Antimicrobial Agents. Clin Microbiol Rev [Internet]. 
1999;12(4):564–82. Available from: 10.1128/cmr.12.4.564.  

44. Vollaro A, Esposito A, Antonaki E, Iula VD, D’Alonzo D, Guaragna A, et al. Steroid 
Derivatives as Potential Antimicrobial Agents against Staphylococcus aureus Planktonic 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2024; 7 (1): 15–32 

 

32 

Cells. Microorganisms. 2020;8(4). Available from: 10.3390/microorganisms8040468.  
45. Eudes F, Chugh A. Cell-penetrating peptides. Plant Signal Behav [Internet]. 

2008;3(8):549–50. Available from: 10.4161/psb.3.8.5696.  
46. Rivas L, Luque-Ortega JR, Fernández-Reyes M, Andreu D. Membrane-active peptides as 

anti-infectious agents. J Appl Biomed [Internet]. 2010;8(3):159–67. Available from: 
https://doi.org/10.2478/v10136-009-0019-3.  

47. Barbosa Pelegrini P, del Sarto RP, Silva ON, Franco OL, Grossi-de-Sa MF. Antibacterial 
Peptides from Plants: What They Are and How They Probably Work. Gianni S, editor. 
Biochem Res Int [Internet]. 2011;2011:250349. Available from: 10.1155/2011/250349.  

48. Hegedüs N, Marx F. Antifungal proteins: More than antimicrobials? Fungal Biol Rev 
[Internet]. 2013;26(4):132–45. Available from: 
https://doi.org/10.1016/j.fbr.2012.07.002.  

49. Nawrot R, Barylski J, Nowicki G, Broniarczyk J, Buchwald W, Goździcka-Józefiak A. Plant 
antimicrobial peptides. Folia Microbiol (Praha) [Internet]. 2014;59(3):181–96. 
Available from: 10.1007/s12223-013-0280-4.  

50. SatyaEswari J, Dhagat S, Naik S, Dibya S. Oroxylum indicum leaf extracts for screening 
of antimicrobial properties and phytochemicals. Pharm Bioprocess. 2018;6:7–14.  

51. Mat Ali R, Houghton PJ, Raman A, Hoult JRS. Antimicrobial and antiinflammatory 
activities of extracts and constituents of Oroxylum indicum (L.) Vent. Phytomedicine 
[Internet]. 1998;5(5):375–81. Available from: https://doi.org/10.1016/S0944-
7113(98)80020-2.  

52. Murray PR, Rosenthal KS, Pfaller MA. Medical microbiology. Philadelphia: Mosby; 
1998.  

 
 


