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AbstractAbstractAbstractAbstract    
    
In the present study, Heliotropium bacciferum Forssk. methanolic extract was tested for its antibacterial 

activities against Pectobacterium carotovorum, P. atrosepticum, Ralstonia solanacearum, and Streptomyces scabiei 

bacterial strains. The plant extract was also tested for its antifungal properties against strains of Fusarium 

oxysporum, Botrytis cinerea, and Rhizoctonia solani. The potent antibacterial activities were recorded against R. 

solanacearum after treatment with the extract at a concentration of 1000 µg/mL with an inhibition zone of 

9.67 ±0.57 mm. The methanolic extract also showed promising antifungal effects against B. cinerea and F. 

oxysporum, with fungal growth inhibition percentages of 86.22 ±0.33% and 82.00 ±0.55%, respectively, which 

were higher than the standard antifungal drug. The plant extract’s HPLC analysis identified 12 phenolic 
compounds and 6 flavonoid compounds, with HPLC peaks matching the used standards. Gallic acid, 
chlorogenic acid, coffeic acid, ellagic acid, coumaric acid, syringic acid, methyl gallate, ferulic acid, vanillin, 
pyrocatechol, and cinnamic acid were the phenolic compounds that were identified. The flavonoid compounds 
found in the extracts were daidzein, naringenin, quercetin, kaempferol, hesperetin, apigenin, and rutin, 
arranged from high to low abundance. Furthermore, according to the GC-MS analysis, the most abundant 
compounds detected in the plant extract were n-hexadecanoic acid, 9,12-octadecadienoic acid (z,z), á-sitosterol, 

betulin, phorbol, cis-13-octadecenoic acid, and octadecanoic acid. These compounds in HPLC and GC-MS 
analyses were proven to have antibacterial as well as antifungal properties. Based on the obtained antimicrobial 
results, H. bacciferum methanolic extracts could be recommended as a promising antibacterial and antifungal 

agent, as well as a safe alternative to many antimicrobial pesticides for the environment and human health. 
    
Keywords:Keywords:Keywords:Keywords: antibacterial; antifungal; Heliotropium bacciferum; HPLC; GC-MS; secondary metabolites 
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IntroductionIntroductionIntroductionIntroduction    
 
For thousands of years, plants have synthesized a wide range of secondary metabolites, crucial for their 

growth, development, and survival during challenging environmental conditions (Youssef et al., 2021a; 

Elshafie et al., 2023). Since plants are stationary organisms that can’t change their environment, they need a 

huge battery of metabolites to ensure fitness, especially when stress conditions arise in their surroundings 
(Twaij and Hasan, 2022). Plant secondary metabolites are phytochemicals that are naturally produced in plant 
cells. They have been isolated and characterized from different plants for a long time because of their 
importance to both plant and human activities (Patra, 2012). These phytochemicals were classified into 
different groups, including phenolic acids, flavonoids, polyphenols, terpenoids, tannins, alkaloids, 
thiohydroximates, steroids, cyanogens, glucosinolates, salicylates, etc. (Patra, 2012; Twaij and Hasan, 2022; 
Elshafie et al., 2023). These compounds are the adaptation tools that plants store in their cellular 

compartments so that they can be used as needed. Plant secondary metabolites also have a lot of antimicrobial 
properties that make plants biochemically flexible, so they can respond quickly and effectively to any new biotic 
or abiotic stresses (Behiry et al., 2022b; Twaij and Hasan, 2022; Weiszmann et al., 2023). The global 

environment has been facing great challenges, causing tremendous damage to the ecosystem. The use of 
chemically synthesized pesticides in agriculture is one of the factors that has negatively impacted the natural 
ecosystem. Scientists are trying to find alternative antimicrobial agents to replace pesticides (Abd El-Rahim et 

al., 2003; Youssef et al., 2021b; Behiry et al., 2022a). In addition, the unbalanced usage of antibiotics has led to 

multidrug-resistant microbial strains. Therefore, the search for safe alternatives for synthetic antimicrobial 
compounds is a mandate to protect the environment from any further damage that might occur and secure new 
tools to protect human health from the lethal attacks of microbes (Jadimurthy et al., 2022). 

Natural plant secondary metabolites with bioactivity toward microbes include several classes of 
molecules, for example: aldehydes, alkaloids, amino acids, cyanogenic glucosides, flavonoids, polyketides, 
polyphenols, quinones, amides, saccharides, terpenes, and thiophenes (Patra, 2012; Elshafie et al., 2023). In 

natural environments, certain compounds exhibit significant ecological properties. These traits include 
antimicrobial effects (like antifungal and antibacterial effects), anti-feedant effects, the ability to attract 
pollinators, nematocidal effects, insect repellent and insecticidal effects, controlling insect growth, and acting 
as allelopathic agents. Consequently, these compounds hold considerable potential as sources for the 
development of innovative pest control agents or biopesticides (Patra, 2012; Elshafie et al., 2023; Qaderi et al., 

2023). However, several factors appear to affect plant production, so there is a strong need to explore their 
characteristics and biological functions. These metabolites have been commonly used in folk medicine for years, 
especially in underdeveloped communities, as medicinal treatments for diseases (Goyal and Sharma, 2014). The 
family Boraginaceae consists of 100 genera and more than 2000 species. The Egyptian flora combines 49 species 
belonging to 14 genera of the Boraginaceae family. Heliotropium is one of the genera in this family that grows 

in Egypt (El-Gazzar et al., 2019). The plants in this genus are herbaceous in nature and are found in tropical 

and temperate regions around the world. They consist of around 300 plant species, commonly referred to as 
heliotropes. These plants show diverse therapeutic activities, including anti-inflammatory, antimicrobial, 
analgesic, and healing properties, etc. (Dresler et al., 2017). For these reasons, heliotropes have been used for a 

long time in folk medicine to treat common diseases and symptoms, such as menstrual dysfunction, noxious 
bites, rheumatism, and biliary disorders (Modak et al., 2007; Goyal and Sharma, 2014; Ghori et al., 2016). A 

lot of phenolic compounds have been found in plants in this genus. These include phenolic acids, flavonoids, 
quinones (especially alkannins and shikonins), terpenoids, and pyrrolizidine alkaloids (Ahmad et al., 2016; 

Najeeb et al., 2020). 

Heliotropium bacciferum Forssk. which belongs to the family Boraginaceae, is an upright herb with a 

perennial woody root. It grows in dry Sahel desert areas (Mauritania, Senegal, Mali, and North Nigeria), North 
Africa, Saudi Arabia, the Nile Valley, the Sinai, and tropical Asia (El-Gazzar et al., 2019). Also, this plant is 
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native to the Nile Valley and grows well in Egypt and Sudan (Najeeb et al., 2020). It is grown in many Wadis 

and newly reclaimed fields in Saudi Arabia's Taif region and eastern province (Ahmad et al., 2015, 2016). It 

has medicinal uses and is a rich source of pyrrolizidine alkaloids, which have antihyperlipidemic, antitumor, 
antidiabetic, and antimicrobial properties (Fayed, 2021). It is also good fodder for camels, and the dried 
powdered leaves are added to curdle milk or water to treat ringworms (Burkill, 1995). H. bacciferum plant 

extracts showed significant antibacterial and antifungal effects against different bacterial and fungal strains 

using crude, chloroform, and ethyl acetate extracts at 225 �g/mL. The authors indicated the potential curative 
effects of this plant (Ahmad et al., 2015, 2016). Therefore, this plant draws special attention as a potent source 

of secondary metabolites that have the potential to produce antimicrobial secondary metabolites. The primary 
goal of the current work was to determine the chemical composition of methanolic extract of H. bacciferum 

using HPLC and GC-MS methods. Furthermore, the study aimed to investigate the antibacterial properties of 
the extract against diverse bacterial and fungal strains. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Source of bacterial and fungal strains 

All bacteria and fungi utilized in this study were previously isolated and subjected to molecular 
identification, as indicated by the references (El-Bilawy et al., 2022; Al-Askar et al., 2023; Heflish et al., 2023). 

Table 1 presents the microorganism isolate, along with its corresponding isolation source and GenBank 
accession number. 

 
Table 1. Table 1. Table 1. Table 1. List of microorganisms used in this study 

MicroorganismMicroorganismMicroorganismMicroorganism    IsolateIsolateIsolateIsolate    Isolation hostIsolation hostIsolation hostIsolation host    Accession numberAccession numberAccession numberAccession number    

Bacteria 

Pectobacterium 

carotovorum 
Potato OQ878656 

Pectobacterium 

atrosepticum 
Potato MG706146 

Ralstonia solanacearum Potato OQ878653 

Streptomyces scabiei Potato OR437480 

Fungi 

Fusarium oxysporum Potato OQ820156 

Botrytis cinerea Strawberry MN398400 

Rhizoctonia solani Bean OQ880457 

 
Preparation of plant extract 

The H. bacciferum plants were obtained from Riyadh, Saudi Arabia, and subsequently subjected to the 

following procedures: Healthy plants with no plant disease infestations were selected and collected on paper 

pages. The collected plant materials were transferred to the lab and washed with tap water to remove any derbies 
or possible contaminants from the plant tissues. Then, the cleaned plants were left to dry in the shadow at room 
temperature until complete dryness. Subsequently, the air-dried materials were ground to a fine powder. 
Phenolic compounds were extracted from 50 g of ground plant material by incubating it overnight in 500 mL 
of 80% methanol in a rotary shaker (100 rpm) at room temperature. The following day, the resulting liquid 
was filtered through Whatman No. 1 filter paper to remove any plant debris. Subsequently, the methanol was 
subjected to evaporation under vacuum conditions using a rotary evaporator operating at a temperature range 
of 25-30 °C. Subsequently, the dry extractives were stored at a temperature of -20 °C until further analyses were 
conducted. 
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In-vitro antibacterial assay 

In-vitro antibacterial assays were accomplished using the agar disc diffusion method. Briefly, a single 

colony of each purified bacterial strain was transferred to 100 mL of nutrient broth medium, and the inoculated 
flasks were incubated overnight at 27 °C. After incubation, the bacterial growth concentration was adjusted to 
108 CFU/mL using a nutrient broth medium. 100 µl of 108 CFU/mL from each bacterial strain was spread on 
the surface of each glycerol nutrient agar plate. The recovered dried extract was dissolved in 10% DMSO to 
prepare 10 mL of different concentrations (300, 500, 700, and 1000 µg/mL) of plant extract. The control group 
was set using 10% DMSO (without the extract). An aliquot of 15 μL of each concentration was loaded on 5.0 
mm diameter filter paper discs. After drying at 4 °C for 24 h, the discs were placed on the surface of the bacteria-
inoculated plates, and the plates were incubated at 27 °C for 24 h. Amoxicillin was used as a standard antibiotic 
drug (positive control) at a concentration of 25 μg/disc. The inhibition zone diameter was measured in 
millimeters (in triplicate) and compared with the control treatment (untreated strains) groups. 

 

Antifungal assay 

The study examined the linear growth of fungal isolates at different methanolic extract concentrations, 
including 1000, 2000, 3000, 4000, and 5000 µg/mL. The antifungal activity was determined according to the 
poisoned media method as described by Heflish et al. (2023). Briefly, circular fungal specimens with a diameter 

of 5 mm were surgically removed from a culture that had reached maturity after 6 days. The discs were 
subsequently transferred to the centers of Petri dishes that had been filled with extract solutions of different 
concentrations. Subsequently, the dishes were subjected to a one-week incubation period at a temperature of 
25 °C. Each treatment was replicated three times. Copper hydroxide at a concentration of 250 µg/mL was used 
as a positive control. At the end of incubation, the fungal mycelial growth inhibition was expressed as growth 
inhibition% and calculated according to the following equation:  

Mycelial growth inhibition % = [(A0 - At)/A0] X 100, 
where, A0 is the average diameter of the un-treated fungal growth and At is the average diameter of the 

fungal growth post treatment.  
    
Identification of phenolic compounds using HPLC 

HPLC (Agilent 1260 Infinity HPLC Series, Santa Clara, CA, USA) equipped with a Zorbax Eclipse 
plus C18 column (100 mm × 4.6 mm i.d.) (Agilent Technologies, Santa Clara, CA, USA), a VWD detector, 
and quaternary pump was used to identify the phenolic compounds detected in the plant extract using the 
following parameters: 20 μL injection volume; 30 °C; linear elution gradient of water, 0.2% H3PO4 (HPLC 
grade v/v), methanol, and acetonitrile. The resulting peaks were detected using the VWD detector at 284 nm. 
Several common phenolic compounds were used in the identification process. These included caffeine, vanillic 
acid, syringic acid, vanillin, p-coumaric acid, ellagic acid, benzoic acid, salicylic acid, and cinnamic acid. To 

identify each compound, we compared the retention times of the authentic compounds, and the unknown 
phenolics in the plant extract were compared to identify each compound. 

    
Gas Chromatography-Mass Spectrometry (GC-MS) analysis 

The composition of the methanolic plant extract was studied using gas chromatography coupled with 
mass spectrometry (GC-MS). The analysis was conducted using an Agilent 6890 GC-MS machine (Agilent, 
USA) that was equipped with an Agilent mass spectrometric detector. The machine was fitted with a direct 
capillary interface and a fused silica capillary column HP-5MS (30 m × 0.32 mm × 0.25 μm film thickness). 
The temperature of the column was initially set to 50 °C and then increased at a rate of 5 °C per minute until 
reaching 230 °C. It was held at this temperature for 2 minutes before being raised to the final oven temperature 
of 290 °C. The samples were injected, and the separation and detection program was configured according to 
the previously established protocol as described in the previously published study (Abdelkhalek et al., 2022). 
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The constituents in the extracts were identified using a search in the MS library, specifically the NIST and 
Wiley databases. The mass spectra and retention times were cross-referenced with the databases in the Wiley 
and NIST MS libraries. 

 
Statistical analysis 

The experiments were performed in triplicate or more, and the resulting means (M) and standard 
deviations (SD) were denoted as M ± SD. The data's significance was assessed by conducting an analysis of 
variance (ANOVA) using CoStat software. Tukey's honest significant differences (H.S.D.) method was 
employed, with a probability value (P-Value) threshold set at ≤0.05. The observed distinctions between the 

groups were arranged in alphabetical order, with ascending levels of significance (a > b > c). Additionally, no 
significant differences were found among the groups denoted by the same letters. 

 
 
ResultsResultsResultsResults    
 
In-vitro antibacterial assay 

The antibacterial activity of H. bacciferum plant extract was tested against P. carotovorum, P. 

atrosepticum, R. solanacearum, and S. scabiei. Figure 1 shows that plant extract at 1000 µg/mL had a strong 

antibacterial action against P. carotovorum, with an inhibition zone of 8.97±0.57 mm. However, the standard 

antibacterial drug (Amoxicillin) treatment against S. scabiei at a concentration of 25 μg/disc resulted in a higher 

inhibition zone diameter (IZ) that reached 9.93 mm. The difference in inhibition value between the 700 
μg/mL and 1000 μg/mL plant extract treatments was not significant. The plant extract treatments had 
considerably different antibacterial effects on P. atrosepticum compared to the usual 25 μg/disc antibacterial 

medication (Amoxicillin). The methanolic extract was more effective at inhibiting R. solanacearum bacteria at 

1000 µg/mL, with an IZ of 9.67±0.57 mm compared to 7.33±0.57 mm for Amoxicillin. The methanolic 
extract had a moderate effect on both P. carotovorum and P. atrosepticum at a dose of 500 µg/mL (IZ 

=8.33±0.57). The standard antibiotic Amoxicillin (IZ = 17.33±0.53 and 14.33±0.92 mm, respectively), and 
higher concentrations of plant extract did not differ significantly from each other. This suggests that these 
bacterial strains are more sensitive to the standard antibiotic treatment (25 µg/mL of Amoxicillin). 

 

 
Figure 1. Figure 1. Figure 1. Figure 1. Antibacterial activities of different concentrations of H. bacciferum methanolic plant extract  
The diameter of the inhibition zone (mm) was measured including the disc diameter (5.0 mm). Error bars represent 
the standard deviation value calculated for three replicates. 
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Antifungal activity of the methanolic plant extracts 

The antifungal activity of the plant extract against F. oxysporum, B. cinerea, and R. solani is shown in 

Figure 2. The obtained data indicate that the methanolic extract has a strong antifungal effect against the three 
tested fungal strains, with a potent antifungal action against F. oxysporum and R. solani compared to the positive 

control (copper hydroxide 250 µg/mL). The lowest percentage of fungal growth inhibition was found for B. 

cinerea and R. solani when they were exposed to 2000 and 1000 µg/mL of methanolic extract, respectively 

(Figure 2). The extract treatment caused the highest inhibition percentage for fungal growth, with values of 
86.20±0.33 and 82.00±0.55% for B. cinerea and F. oxysporum, respectively. The copper hydroxide treatment 

inhibited the growth of B. cinerea and F. oxysporum fungi by 61.80±1.03% and 50.40±0.42%, respectively 

(Figure 2). This suggests that the methanolic plant extract has a stronger inhibitory effect against the tested 
fungi. On the other hand, the methanolic extract treatment at a concentration of 2000 µg/mL showed 
antifungal effects against R. solani (66.00±1.69% growth inhibition) without significant differences from the 

higher concentrations, but still lower than the positive control (89.3% growth inhibition). 
 

 
Figure 2. Figure 2. Figure 2. Figure 2. Antifungal activities of different concentrations of H. bacciferum plant methanolic extract. The 

activity was expressed as a growth inhibition percentage (%) 
Each column represents the average value of three replicates, while the bars indicate the standard deviation. According 
to Tukey's HSD test with a significance threshold of 0.05, the values in each column assigned the same letter 
(a/b/c/d/e) do not exhibit any statistically significant differences. 

 

Chemical composition of the extract using HPLC analyses 

In order to investigate the chemical composition of H. bacciferum plants, HPLC analysis was conducted. 

The HPLC chromatogram shown in Figure 3 shows that the methanolic extract of H. bacciferum contains a 

lot of phenolic and flavonoid compounds. Table 2 provides a comprehensive list of each compound, along with 
its corresponding retention time (RT) and any potential nomenclature in relation to the standard compounds. 
The most abundant phenolic compounds in the plant extract were gallic acid (4824.7 µg/g), coffeic acid 
(2330.3 µg/g), chlorogenic acid (2294.07 µg/g), coumaric acid (1178.5 µg/g), and syringic acid (996.2 µg/g). 
However, the identified compounds in the extracts were daidzein (3935.5 µg/g), naringenin (3003.4 µg/g), 
querectin (519.4 µg/g), and kaempferol (441.3 µg/g). 
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Figure 3. Figure 3. Figure 3. Figure 3. HPLC chromatogram of phenolic secondary metabolites content of the H. bacciferum 

methanolic extract    
 

Table 2. Table 2. Table 2. Table 2. Chemical composition of H. bacciferum plant phenolic and flavonoid compounds in its 

methanolic extract using HPLC    

Polyphenolic compoundsPolyphenolic compoundsPolyphenolic compoundsPolyphenolic compounds    Area under curveArea under curveArea under curveArea under curve    Conc. (µg/g)Conc. (µg/g)Conc. (µg/g)Conc. (µg/g)    

Phenolic  
compounds 

Gallic acid 792.88 4824.75 

Chlorogenic acid 248.63 2294.07 

Coffeic acid 424.35 2330.30 

Ellagic acid 131.85 1673.13 

Coumaric acid 553.22 1178.53 

Syringic acid 211.97 996.22 

Methyl gallate 130.53 487.04 

Ferulic acid 80.17 345.62 

Vanillin 62.19 181.64 

Pyro catechol 6.7512 68.37 

Cinnamic acid 46.99 58.77 

Flavonoid 
compounds 

Daidzein 961.24 3935.56 

Naringenin 413.09 3003.41 

Querectin 57.40 519.45 

Kaempferol 95.30 441.39 

Hesperetin 32.86 118.19 

Apigenin 13.30 66.62 

Rutin 1.52 11.93 
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Chemical composition of the extract using GC-MS analysis 

GC-MS analysis was also used to find secondary metabolites in the methanolic extract of the H. 

bacciferum plant (Figure 4). The main 19 secondary metabolites were identified and listed in Table 3. The table 

shows secondary metabolite chemical structure, retention time (RT), and chemical formula. The most 
abundant molecule in the extract was discovered at 26.35 min and identified as n-hexadecanoic acid 
(C16H32O2) with a molecular weight of 256. The compounds that were found second in the methanolic extract 
secondary metabolites were octadecadienoic acid and sitosterol, which were found at 29.30 min and 45.17 min, 
respectively. The two compounds showed molecular weights of 280 and 414, respectively. Phorbol and betulin 
were the third-most abundant secondary metabolites in the methanolic extract. They appeared at 43.94 min 
and 36.88 min with molecular weights of 364 and 422, respectively. Furthermore, cis-13-octadecenoic acid and 
octadecanoic acid were infrequent in the methanolic extract of H. bacciferum, with RT values of 29.46 min and 

29.96 min, and molecular weights of 282 and 284, respectively. The other chemicals, such as octadecatrienoic 
acid, gorgost-5-en-3-ol, 1,4-benzenediol, 2-(1,1-dimethylethyl)-5-(2-propenyl), tetradecanoic acid, 
pentadecanoic acid, 14-methyl-, methyl ester, 2,2,7,7tetra, hexadecanoic acid, 1-(hydroxymethyl)-1,2-
ethanediyl ester, androstan-17-one,3-ethyl-3-hydroxy-, (5à)- and tibolone were detected at different RT values 
with low levels of relative abundance (Table 3).    

 

 
Figure Figure Figure Figure 4. GC-MSMS chromatograms of detected compounds in the H. bacciferum methanolic extract    

 
Table 3. Table 3. Table 3. Table 3. Chemical composition analysis of the methanolic extract of H. bacciferum using GC-MS    

Compound nameCompound nameCompound nameCompound name    RTRTRTRT    
Area Area Area Area 

%%%%    
MFMFMFMF    

MolecularMolecularMolecularMolecular    
FormulaFormulaFormulaFormula    

M.wtM.wtM.wtM.wt    Chemical StructureChemical StructureChemical StructureChemical Structure    

1,4-benzenediol, 2-(1,1-
dimethylethyl)-5-(2-propenyl)- 

16.65 1.49 963 C13H18O2 206 

 

Tetradecanoic acid 22.31 1.63 843 C14H28O2 228 

 

Pentadecanoic acid, 14-methyl-, 
methyl ester 

22.61 1.80 814 C17H34O2 270 

 

n-hexadecanoic acid 26.35 32.76 930 C16H32O2 256 
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2,2,7,7-tetramethyltricyclo 
[6.2.1.0(1,6)]undec-4-en-3-one 

26.52 1.35 6.99 C15H20O2 232 

 

9,12-octadecadienoic acid (z,z)- 29.30 13.68 913 C18H32O2 280 

 

cis-13-octadecenoic acid 29.46 6.46 902 C18H34O2 282 

 

Octadecanoic acid 29.96 3.55 846 C18H36O2 284 
 

Hexadecanoic acid, 1-
(hydroxymethyl)-1,2-ethanediyl ester 

35.20 1.20 770 C35H68O5 568 

 

Androstan-17-one,3-ethyl-3-hydroxy-, 
(5à)- 

36.78 0.89 774 C21H34O2 318 

 

Phorbol 36.88 7.37 745 C20H28O6 364 

 

Tibolone 37.96 1.99 701 C21H28O2 312 

 

psi.,.psi.-carotene, 1,1',2,2'-tetrahydro-
1,1'-dimethoxy- 

42.23 1.06 709 C42H64O2 600 

 

Loperamide 42.56 1.44 630 C29H33ClN2O2 476 

 

Propanoic acid, 2-(3-acetoxy-4,4,14-
trimethylandrost -8-en-17-yl)- 

42.87 1.2 66.8 C27H42O4 430 

 

Betulin 43.94 7.31 737 C30H50O2 442 

 

9,12,15-octadecatrienoic 
acid, 

44.16 1.22 766 C27H52O4Si2 496 

 

Gorgost-5-en-3-ol, (3á) 44.32 2.63 790 C30H50O 426 

 

á-Sitosterol 45.17 8.13 8.65 C29H50O 414 
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DiscussionDiscussionDiscussionDiscussion    
 
H. bacciferum, one of the heliotropes, is an important medicinal plant in the family Boraginaceae. This 

genus was extensively studied for its healing activity, as it is rich in secondary metabolites, which makes it a 
common plant in folk medicine (Modak et al., 2007; Goyal and Sharma, 2014). It is generally composed of 

phenolics (flavonoids, phenolic acids, and polyphenols), terpenoids, and pyrrolizidine alkaloids (PA) groups. 
This composition makes it very important as an antioxidant, inflammatory, antimicrobial, and antifungal agent 
(Ozntamar-Pouloglou et al., 2023). In the current study, this plant showed antibacterial and antifungal activity 

when the plant methanolic extract was tested against plant pathogenic bacterial and fungal strains. Also, we 
investigated the secondary metabolite profiles of this important plant using two advanced chromatographic 
approaches, HPLC and GC-MS. The results showed that the methanolic extract of the air-dried plant material 
was effective against the pathogenic bacteria P. carotovorum, R. solanacearum, P. atrosepticum, and S. scabiei. 

Also, the antibacterial effect was significantly stronger than the standard antibiotic drug Amoxicillin, which 
was used as a control treatment to limit P. atrosepticum's growth. In addition, different concentrations of the 

extract showed different strengths in controlling bacterial growth, as indicated in Figure 1. The concentration 
of 1000 μg/mL was enough to stop the bacterial growth. This significant antibacterial effect could be attributed 
to the high phenolic content in H. bacciferum plants, particularly the high concentrations of daidzein, 

chlorogenic acid, gallic acid, quercetin, and kaempferol.  These compounds belong to the phenolics group of 
plant secondary metabolites and were previously proven to have antimicrobial activities against different 
microbes (Patra, 2012). 

For instance, Gañan et al., (2009) reported that both gallic acid and p-hydroxybenzoic acid reduced the 

viability of Campylobacter jejuni at low concentrations of 1 mg/L. Caffeic acid, vanillic acid, and synaptic acid 

were also found to be microbicidal at concentrations of 10 mg/L. On the other hand, a concentration of 100 
mg/L demonstrated the activity of ferulic and coumaric acids (Gañan et al., 2009). Furthermore, the effect of 

the plant methanolic extract of H. bacciferum showed similar effects on the four tested bacterial strains, even 

though the sensitivity of the strains to the standard drug treatment, Amoxicillin was variable. This could be 
explained by the fact that the plant extract may affect the bacterial strains through multiple mechanisms that 
target general components of the bacterial cells, which are not different from one strain to another. On the 
other hand, amoxicillin affects bacterial cells through a single mechanism, which one strain may develop to 
counteract the effects of this antibacterial compound. It is well-documented that phenolic compounds affect 
plant growth by different mechanisms (Jadimurthy et al., 2023). The antibacterial properties of flavonoids are 

thought to be the result of their ability to complex with both extracellular and soluble proteins of the bacterial 
membranes. For example, quercetin disrupts of cell membrane integrity and, subsequently, cell lysis (Wang et 

al., 2018). Meanwhile, apigenin and quercetin were found to target D-alanine ligase as a new targeting 

mechanism for Helicobacter pylori (Wang et al., 2018). Kaempferol inhibits a crucial enzyme (the PriA helicase) 

in S. aureus that functions in the initiation of DNA replication and subsequently bacterial survival (Huang et 

al., 2015). 

The results showed that increasing the amount of H. bacciferum extract used in the treatments made the 

methanolic plant extract much more effective at inhibiting bacteria. At a concentration of 1000 µg/mL, the 
plant extract had the greatest effect. It is worth noting that phytochemicals have a greater MIC than antibiotics, 
owing to the synergistic impact of several metabolites in the extract (Buchmann et al., 2022). Meanwhile, 

multiple studies have demonstrated that the effectiveness of these substances has grown in synergistic activity 
when taken with antibiotics (Cho et al., 2011; Amin et al., 2015; Ayaz et al., 2019). Buchmann et al., (2022) 

investigated the synergistic effect of different phytochemicals against antibiotic-resistant bacteria, among them 
gallic acid and daidzein. They reported strong synergistic effects between antibiotics and some of the tested 
phytochemicals including, daidzein against the tested antibiotic-resistant bacteria. Furthermore, the results 
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obtained in our research are consistent with those obtained by other researchers who investigated the secondary 
metabolite profile of this group of medicinal plants. On the other hand, Ahmad et al., (2016) looked into the 

presence of various secondary metabolites in H. bacciferum and found that it contained amines, carboxylic acids, 

amides, esters, alcohols, phenols, nitro compounds, energetic compounds, and alkyl halides. Najeeb et al., 

(2020) studied the chemical composition of H. bacciferum growing in the Nile valley in Sudan. Scientists 

discovered many groups of metabolites that were antimicrobial. These included a lot of flavonoids, tannins, 
carbohydrates, amino acids, and polyphenols; they also found some alkaloids, sterols, triterpenes, and saponins. 

On the other hand, when tested against F. oxysporum and R. solani, the methanolic extract showed a 

remarkable ability to inhibit fungal growth compared to the standard fungicide. The potent antifungal 
properties of H. bacciferum could be attributed to its rich content of natural compounds known for their 

natural antifungal effects, such as polyphenols, alkaloids, phytosterols, phenolics, and fatty acids. In the current 
study, HPLC analysis of the plant methanolic extract showed the presence of several compounds known for 
their antiviral, antibacterial, and antifungal activities, such as gallic acid, quinic acid, caffeic acid, chlorogenic 
acid, naringenin, quercetin, apigenin, daidzein, catechin, and hesperidin. Also, GC-MS testing of the plant 
showed that the methanolic extract of the air-dried plant parts contained a lot of n-hexadecanoic acid, also 
known as palmitic acid. This compound has been shown to have antibacterial properties, specifically against K. 

pneumoniae, B. subtilis, E. coli, and S. aureus (Ganesan et al., 2022). The second abundant compound in the 

GC-MS analysis was sitosterol and with less abundance, gorgost-5-en-3-ol (3á). These compounds belong to 
the phytosterol group and are reported to have antimicrobial activity (Patra, 2012). Betulin and phorbol were 
also detected in moderate abundance in the H. bacciferum plant extract. They are pentacyclic triterpenoid and 

diterpene compounds, respectively. This group of compounds is known for its antiviral, antifungal, and 
antibacterial activities. Phorbol ester has shown antifungal activity against key fungal phytopathogens, 
including Fusarium oxysporum, Pythium aphanidermatum, Lasiodiplodia theobromae, Curvularia lunata, F. 

semitectum, Colletotrichum capsici, and C. gloeosporioides (Saetae and Suntornsuk, 2010). Similar antifungal 

activity of H. bacciferum was found by  Najeeb et al., (2020) when plant extract was tested against fungal strains. 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
In this study, we used HPLC and GC-MS chromatography to determine the secondary metabolite 

content of H. bacciferum methanolic plant extract. The plant extract was also screened for its antibacterial and 

antifungal activity against different pathogenic bacterial and fungal strains. The methanolic extract was very 
good at inhibiting R. solanacearum, B. cinerea, and F. oxysporum strains. The HPLC and GC-MS tests showed 

that H. bacciferum has a lot of different types of secondary metabolites that might be able to inhibit different 

phytopathogenic microorganisms. These include phenolics, flavonoids, fatty acids, phytosterols, diterpenes, 
and pentacyclic triterpenoids. These results indicate that H. bacciferum can be used as a potent antimicrobial 

agent, a biocontrol agent, and a safe alternative to many pesticides in the agricultural field. 
 
 

Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions 
 
Conceptualization: AA and SB; Data curation: AA; Formal analysis: MEl; Funding acquisition: AAl; 

Investigation: SB; Methodology: MEl and SB; Project administration: AA and AAl; Resources: AA and SB; 
Software; Supervision: PK; Validation: SB and PK; Visualization: AA and MEl; Writing - original draft AA 
and SB; Writing - review and editing: PK and AAl. All authors read and approved the final manuscript. 
 
 



Abdelkhalek A et al. (2024). Not Bot Horti Agrobo 52(3):13602 

 

12 

 

 

 

 

 

 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
 
 
AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
This work was supported by the City of Scientific Research and Technological Applications (SRTA-

City) and the Faculty of Agriculture (Saba Basha), Alexandria University, Egypt, for providing the necessary 
research facilities. The authors would like to extend their appreciation to the Researchers Supporting Project 
number (RSP2024R505), King Saud University, Riyadh, Saudi Arabia. 
 
 

Conflict of Conflict of Conflict of Conflict of InterestsInterestsInterestsInterests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    

    
Abd El-Rahim WM, Moawad H, Khalafallah M (2003). Enhancing the growth of promising fungal strains for rapid dye 

removal. Fresenius Environmental Bulletin12:764-770. 
Abdelkhalek A, El-Gendi H, Al-Askar AA, Maresca V, Moawad H, … Behiry SI (2022). Enhancing systemic resistance in 

faba bean (Vicia faba L.) to bean yellow mosaic virus via soil application and foliar spray of nitrogen-fixing 

Rhizobium leguminosarum bv. viciae strain 33504-Alex1. Frontiers in Plant Science 13:933498. 

https://doi.org/10.3389/fpls.2022.933498    

Ahmad S, AbdEl-Salam NM, Ullah R (2016). In vitro antimicrobial bioassays, DPPH radical scavenging activity, and 

FTIR spectroscopy analysis of Heliotropium bacciferum. BioMed Research International 2016:3818945. 

https://doi.org/10.1155/2016/3818945  

Ahmad S, Bibi I, AbdEl-Salam NM, Hussain H, Ishaq MS, … Ullah R (2015). Antibacterial and antifungal activities of 

the extract and fractions of aerial parts of Heliotropium bacciferum. African Journal of Traditional, 

Complementary and Alternative Medicines 12:32-35. https://doi.org/10.4314/ajtcam.v12i2.7  

Al-Askar AA, Bashir S, Mohamed AE, Sharaf OA, Nabil R, … Behiry SI (2023). Antimicrobial efficacy and HPLC analysis 

of polyphenolic compounds in a whole-plant extract of Eryngium campestre. Separations 10(6):362. 

https://doi.org/10.3390/separations10060362  

Amin MU, Khurram M, Khattak B, Khan J (2015). Antibiotic additive and synergistic action of rutin, morin and 
quercetin against methicillin resistant Staphylococcus aureus. BMC Complementary and Alternative Medicine 

15:1-12. https://doi.org/10.1186/s12906-015-0580-0  

Ayaz M, Ullah F, Sadiq A, Ullah F, Ovais M, … Devkota HP (2019). Synergistic interactions of phytochemicals with 
antimicrobial agents: Potential strategy to counteract drug resistance. Chemico-Biological Interactions 308:294-

303. https://doi.org/10.1016/j.cbi.2019.05.050  

Behiry SI, Hamad NA, Alotibi FO, Al-Askar AA, Arishi AA, … Abdelkhalek A (2022a). Antifungal and antiaflatoxigenic 

activities of different plant extracts against Aspergillus flavus. Sustainability 14:12908. 

https://doi.org/10.3390/su141912908  

Behiry SI, Soliman SA, Al-Askar AA, Alotibi FO, Basile A, … Heflish AA (2022b). Plantago lagopus extract as a green 
fungicide induces systemic resistance against Rhizoctonia root rot disease in tomato plants. Frontiers in Plant 

Science 3:966929. https://doi.org/10.3389/fpls.2022.966929  

Buchmann D, Schultze N, Borchardt J, Böttcher I, Schaufler K, Guenther S (2022). Synergistic antimicrobial activities of 

epigallocatechin gallate, myricetin, daidzein, gallic acid, epicatechin, 3‐hydroxy‐6‐methoxyflavone and genistein 



Abdelkhalek A et al. (2024). Not Bot Horti Agrobo 52(3):13602 

 

13 

 

 

 

 

 

 

combined with antibiotics against ESKAPE pathogens. Journal of Applied Microbiology 132:949-963. 

https://doi.org/10.1111/jam.15253  

Burkill HM (1995). The useful plants of west tropical Africa. Vols. 1-3. The useful plants of west tropical Africa, pp 266-
267. 

Cho Y-S, Oh JJ, Oh K-H (2011). Synergistic anti-bacterial and proteomic effects of epigallocatechin gallate on clinical 
isolates of imipenem-resistant Klebsiella pneumoniae. Phytomedicine 18:941-946. 

https://doi.org/10.1016/j.phymed.2011.03.012  

Dresler S, Szymczak G, Wójcik M (2017). Comparison of some secondary metabolite content in the seventeen species of 

the Boraginaceae family. Pharmaceutical Biology 55:691-695. https://doi.org/10.1080/13880209.2016.1265986  

El-Bilawy EH, Al-Mansori A-NA, Soliman S., Alotibi FO, Al-Askar AA, … Behiry SI (2022). Antifungal, antiviral, and 

HPLC analysis of phenolic and flavonoid compounds of Amphiroa anceps extract. Sustainability 14:12253. 

https://doi.org/10.3390/su141912253  

El-Gazzar A, Elhusseini N, Khafagi AA, Mostafa NAA (2019). Computer-generated keys to the flora of Egypt. 9. The 
spiny taxa of Asteraceae. Egyptian Journal of Botany 59:107-138. 
https://dx.doi.org/10.21608/ejbo.2018.4536.1191  

Elshafie HS, Camele I, Mohamed AA (2023). A Comprehensive review on the biological, agricultural and pharmaceutical 
properties of secondary metabolites based-plant origin. International Journal of Molecular Sciences 24:3266. 

https://doi.org/10.3390/ijms24043266  

Fayed MAA (2021). Heliotropium: a genus rich in pyrrolizidine alkaloids: A systematic review following its 

phytochemistry and pharmacology. Phytomedicine Plus 1:100036. https://doi.org/10.1016/j.phyplu.2021.100036  

Gañan M, Martínez-Rodríguez AJ, Carrascosa AV (2009). Antimicrobial activity of phenolic compounds of wine against 

Campylobacter jejuni. Food Control 20:739-742.  

Ganesan T, Subban M, Christopher Leslee DB, Kuppannan SB, Seedevi P (2022). Structural characterization of n-

hexadecanoic acid from the leaves of Ipomoea eriocarpa and its antioxidant and antibacterial activities. Biomass 

Conversion and Biorefinery 1-12. http://dx.doi.org/10.1007/s13399-022-03576-w  

Ghori MK, Ghaffari MA, Hussain SN, Manzoor M, Aziz M, Sarwer W (2016). Ethnopharmacological, phytochemical 

and pharmacognostic potential of genus Heliotropium L. Turkish Journal of Pharmaceutical Sciences 13:143-168. 
http://dx.doi.org/10.5505/tjps.2016.20591  

Goyal N, Sharma SK (2014). Bioactive phytoconstituents and plant extracts from genus Heliotropium. International 

Journal of Green Pharmacy 8(4):217-225. http://dx.doi.org/10.4103/0973-8258.142674  

Heflish AA, Behiry SI, Al-Askar AA, Su Y, Abdelkhalek A, Gaber MK (2023). Rhaphiolepis indica fruit extracts for control 

Fusarium solani and Rhizoctonia solani, the causal agents of bean root rot. Separations 10:369. 

https://doi.org/10.3390/separations10070369  

Huang Y-H, Huang C-C, Chen C-C, Yang K-J, Huang C-Y (2015). Inhibition of Staphylococcus aureus PriA helicase by 

flavonol kaempferol. The Protein Journal 34:169-172. https://doi.org/10.1007/s10930-015-9609-y  

Jadimurthy R, Jagadish S, Nayak SC, Kumar S, Mohan CD, Rangappa KS (2023). Phytochemicals as invaluable sources 

of potent antimicrobial agents to combat antibiotic resistance. Life 13:948. https://doi.org/10.3390/life13040948  

Jadimurthy R, Mayegowda SB, Nayak SC, Mohan CD, Rangappa KS (2022). Escaping mechanisms of ESKAPE 
pathogens from antibiotics and their targeting by natural compounds. Biotechnology Reports 34:e00728. 

https://doi.org/10.1016%2Fj.btre.2022.e00728  

Modak B, Rojas M, Torres R, Rodilla J, Luebert F (2007). Antioxidant activity of a new aromatic geranyl derivative of the 

resinous exudates from Heliotropium glutinosum Phil. Molecules 12:1057-1063. 
https://doi.org/10.3390%2F12051057  

Najeeb TM, Musa AE, Khider TO (2020). Antibacterial and antifungal activities of Heliotropium bacciferum Forssk leaves 

and stem. Advances in Biology Research 14:1-7. http://dx.doi.org/10.5829/idosi.abr.2020.01.07  

Ozntamar-Pouloglou K-M, Cheilari A, Zengin G, Graikou K, Ganos C, … Chinou I (2023). Heliotropium procubens Mill: 

taxonomic significance and characterization of phenolic compounds via UHPLC–HRMS-in vitro antioxidant 

and enzyme inhibitory activities. Molecules 28:1008. https://doi.org/10.3390%2Fmolecules28031008  

Patra AK (2012). An overview of antimicrobial properties of different classes of phytochemicals. Dietary Phytochemicals 

and Microbes 1-32. https://doi.org/10.1007/978-94-007-3926-0_1     



Abdelkhalek A et al. (2024). Not Bot Horti Agrobo 52(3):13602 

 

14 

 

 

 

 

 

 

Qaderi MM, Martel AB, Strugnell CA (2023). Environmental factors regulate plant secondary metabolites. Plants 12:447. 
https://doi.org/10.3390/plants12030447  

Saetae D, Suntornsuk W (2010). Antifungal activities of ethanolic extract from Jatropha curcas seed cake. Journal of 

Microbiology and Biotechnology 20:319-324. 
Twaij BM, Hasan MN (2022). Bioactive secondary metabolites from plant sources: Types, synthesis, and their therapeutic 

uses. International Journal of Plant Biology 13:4-14. https://doi.org/10.3390/ijpb13010003  

Wang S, Yao J, Zhou B, Yang J, Chaudry MT, … Yin W (2018). Bacteriostatic effect of quercetin as an antibiotic 

alternative in vivo and its antibacterial mechanism in vitro. Journal of Food Protection 81:68-78. 
https://doi.org/10.4315/0362-028x.jfp-17-214  

Weiszmann J, Walther D, Clauw P, Back G, Gunis J, … Schwarzerova J (2023). Metabolome plasticity in 241 Arabidopsis 

thaliana accessions reveals evolutionary cold adaptation processes. Plant Physiology 193(2):980-1000. 
https://doi.org/10.1093/plphys/kiad298  

Youssef NH, Qari SH, Behiry SI, Dessoky ES, El-Hallous EI, … Heflish AA (2021a). Antimycotoxigenic activity of 

beetroot extracts against Altenaria alternata mycotoxins on potato crop. Applied Sciences 11:4239. 

https://doi.org/10.3390/app11094239  

Youssef NH, Qari SH, Matar S, Hamad NA, Dessoky ES, … Heflish AA (2021b). Licorice, doum, and banana peel extracts 

inhibit Aspergillus flavus growth and suppress metabolic pathway of aflatoxin B1 production. Agronomy 11:1587. 

https://doi.org/10.3390/agronomy11081587  

 
 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


