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Abstract
Methanol extract obtained from the fruits of Hyphaene thebaica (doum fruit) was chemically analyzed 
using GC-MS (gas chromatography–mass spectrometry). Up to thirty compounds were identified in the 
extract. Acetic acid decyl ester (36.80%), n-Hexadecenoic acid (5.14%),1H-Purine-2,6-dione, 3,7-dihydro-
1-methyl (4.24%), 2-Furancarboxaldehyde, 5-(2-hydroxy-2-phenylacetyl)-dimethylhydrazone (4.67%), 
Propanoic acid 3,3'-dithiobis (3.52%) and [1,2,4] Triazolo[1,5-a]pyrimidin-7-ol were major components. 
The antibacterial potential of the extract against six clinical bacterial isolates resistant to antibiotics was 
also investigated, using various in vitro assays including well diffusion, minimal inhibitory and minimal 
bactericidal concentration. It was found that, the methanol extract of doum fruit was characterized 
by antibacterial action toward one Gram-positive ß-lactamase bacteria (Staphylococcus aureus), and 
one Gram-negative Multidrug-resistant bacteria (Proteus mirabilis). The other four bacterial strains 
showed no susceptibility towards the extract. The study suggests future additional biochemical 
and microbiological investigations in order to understand the mechanism of action of the bioactive 
molecules as antimicrobial agents.
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INTRODUCTION
 Medicinal plants and their natural 
products were the main source for remedies since 
ancient time and continue to play this essential 
role until now, as it was estimated that, around 
1981 and 2006, natural products accounted for 
69 % of new antibacterial agents1. Medicinal 
plants are a rich source of bioactive molecules. 
Saponines, Tannins, Alkaloids, Flavonoids, Alkenyl 
phenols, Glycoalkaloids, Phorbol, Sesquiterpenes 
Lactones, and Terpenoids are only a handful of 
some secondary metabolites with antimicrobial 
properties contained in medicinal plants2. 
 Throughout the ages, infectious diseases 
have been rated alongside wars and starvation as 
significant barriers to human development and 
survival. They continue to be one of the world's 
major causes of mortality. Moreover, in the midst 
of a steady stream of existing illnesses, epidemics 
of new and old infectious diseases erupt on a 
regular basis, massively exacerbating the global 
burden of infection3. As an example, a majority of 
the Gram-negative microbes, like Pseudomonas 
aeruginosa, Acinetobacter baumannii, and 
Enterobacteriaceae, are on the World Health 
Organization's (WHO) priority list of antibiotics-
resistant bacteria that considered the largest threat 
to human life4. Also, some Gram-negative genera 
are also have been recorded as health-threatening 
multiple resistant pathogens, like staphylococci, 
enterococci and pneumococci5. In this case, finding 
new antibiotics with different modalities of action 
and having low growth rates of resistance is a 
major global challenge. Antimicrobial resistance 
is expected to be the leading cause of death by 
2050, but rapid success in the manufacture of 
modern antimicrobials will be crucial in combating 
them6. Accordingly, capacity of medicinal plants 
as promising antimicrobial agents is due to the 
many appealing characteristics of plants: they are 
easily available and inexpensive, plant extracts or 
compounds often show high-level efficacy against 
pathogens, and they seldom have serious side 
effects. The wide range of chemical structures 
found in plant-derived compounds can provide 
us with new antimicrobial mechanisms as well as 
new targets within the bacterial cell. Furthermore, 
the rapid advancement of new biotechnologies 
has paved the way for the production of bioactive 

compounds in an environmentally stable and low-
toxic manner7.
 Since Pharaonic culture (which included 
large regions of Egypt and Northern Sudan), the 
fruit pulp of the Doum-palm (Hyphaene thebaica 
L.) has been recognized for its medicinal benefits. 
The papyrus mentions Doum, and the tree appears 
in several tomb paintings. Sudan and Egypt are 
both familiar with the local name "Doum". Palms 
of doum are cultivated in the northern, southern, 
and western regions of Sudan8,9. Doum fruit has 
good nutritional and pharmaceutical properties, 
according to literature; it contains carbohydrates, 
fibers, essential minerals, some vitamins, and good 
amounts of phenolic compounds, all of which 
are important in controlling various physiological 
processes in the human body and protection 
against oxidation stresses, inflammations, 
microbes and cancer10,11. The present investigation 
aimed to determine the antibacterial potential of 
Doum-palm fruit (Hyphaene thebaica L.), against 
some clinical bacterial infections isolated from 
patients.

MAteRiAls AND MethODs
Sample collection
 The dry fruits of doum (Hyphaene 
thebaica) were collected from local markets in 
Khartoum, Sudan on June 2019. After identification 
by plant taxonomists (voucher specimen number: 
ALRASMEDP 48), the wooden husk of the fruit was 
rinsed with distilled water, carefully peeled and 
ground using grinding machine (Moulinex, France) 
to obtain a fine powder, and then stored in a dark 
glass bottle at 30-35°C until used. 
Microorganisms
 Five Gram-negative and one Gram-
positive clinical pathogenic Pseudomonas 
aeruginosa bacterial strains were obtained 
from Buraidah Central Hospital, Saudi Arabia. 
Identified samples were provided in Petri dishes 
anonymously (without any information about 
patients), by Dr. Shoumar Al-Shoumar (medical 
lab technician). The provided clinical bacteria 
and its sources were Pseudomonas aeruginosa 
(wound swab), Acinetobacter baumannii (Trachea 
aspiration), Klebsiella pneumonia (Trachea 
aspiration), Escherichia coli (urine), Proteus 
mirabilis (abscess) and Staphylococcus aureus 
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(blood). Standard microbiological techniques were 
used to validate their morphological, cultural, and 
biochemical characteristics12.
Preparation of methanolic extracts
 50 grams of the previously prepared 
powder of the doum fruit was macerated in 500 
mL of 80% methanol (Merck KGaA, Germany) in a 
well-tighten dark container for up to 3 days in the 
incubator at 40°C with frequent shaking. After that, 
the solvent was totally eliminated under reduced 
pressure, leaving a residual free of methanol. The 
crude extract was isolated and reconstituted in 
80% methanol and working extract was made at 
a concentration of 500 mg/mL. 
Gas chromatography-mass spectrometry (GC-MS)
 Gas chromatograph (Shimadzu 2010 
ultra plus, Japan) was coupled with Shimadzu 
Mass detector; GC was performed in the split 
less mode. Column 30.0×0.25 mm × 1µm, under 
the following conditions: Carrier gas Helium ( 
He: 99.999%) constant flow 1.6 mL/min; and 
initial entry temperature 50°C after a 18 s retard; 
injection volume, 1µL (LVI) liner velocity, oven 
temperature program, 50°C/min , hold time 4.00 
min. Mass detector: Shimadzu 2010 ultra plus The 
MS tool transfer line temperature was 230°C. MS 
Programmed the electron ionization situation with 
an ionization energy of 76eV was used: Library 
used: NIST Version-Year 2017, Mass scan (m/z): 
30-450, the total MS run time was 30 minutes . The 
constituents demonstrated by GC were identified 
by making a comparison between the MS values 
and the standard compounds reported in the 
National Institute of Standards and Technology 
library (NIST), using their retention on time and 
mass fragmentation patterns13,14.
Antibiotics susceptibility assay
 The antibiotic susceptibility profile of 
the isolated clinical pathogenic bacterial strains 
was investigated following the assay mentioned 
in the Clinical and Laboratory Standards Institute's 
guidelines (CLSI)15 and using the MicroScan 
WalkAway system (96 plus, Bekman Coulter, USA) 
in order to evaluate the possible susceptibility 
or resistance of the isolated clinical strains, 
antibiotics used are represented most regular 
antibiotics from different antibiotics generations, 
including Beta-lactam aztreonam, Penicillin, 
Ampicillin, Amikacin, Amoxicillin/clavulanic acid, 
Ampicillin/sulbactam, Cefepime, Trimethoprim/

Sulfamethoxazole, Ciprofloxacin, Gentamicin, 
Moxifloxacin, Piperacillin/tazobactam, and many 
more. Briefly, the referenced broth microdilution 
method15 has been applied, an overnight culture 
broth of bacterial isolates was modified to be 
equivalent to 0.5 McFarland (BSS 0.5, Roth, 
Germany), the adjusted bacterial suspension was 
inoculated in the panel, and the desired antibiotics 
have been loaded as well. The seeded panel was 
incubated in the MicroScan WalkAway system, the 
incubation period is 24 hours for The Gram-positive 
and 8 hours for the Gram-negative bacteria, the 
MicroScan WalkAway system automatically read 
and expressed as resistant or sensitive to the 
antibiotics. The sheets of the automated results 
have been collected from the machine, which 
showed the susceptibility of microorganisms to 
antibiotics.
Agar diffusion method
 The antibacterial efficacy of Doum fruits 
methanol extract against the clinical strains was 
evaluated using an agar well diffusion assay16. 
Plates containing Nutrient agar (NutriSelect® 
Plus, Merck, USA) was made by pouring 25 mL 
of autoclaved medium into sterile plates (90 
mm in diameter) and left for up to 15 minutes 
until solidified at room temperature. Pathogenic 
strains were then spread through the agar medium 
with sterilized cotton swab. Then, with the aid 
of a sterile cork-borer, three wells were drilled 
separately on each plate (6 mm in diameter) and 
100 μl of the working extract of doum (500 mg/
mL) was placed in two wells, and 100 μl of the 
referenced antibacterial drug, Chloramphenicol 
2.5 mg/mL (Alcon, USA), was placed in the third 
well. Forthwith, seeded plates were cautiously 
transferred to an incubator at 35°C for up to 24 
hours. The antibacterial efficacy of the working 
extract was recorded by measuring the clear 
inhibition zone around the incubated wells in 
millimeters (mm).
Determination of the minimal inhibitory 
concentration (MIC)
 The clinical isolates that showed 
remarkable susceptibility to the working doum 
extract with the agar diffusion test were investigated 
for the minimal inhibitory concentration 
(MIC) using the dilution method17, with minor 
modifications. Descending concentrations of the 
extract at 250, 125, 62.5, 31.25, and 15.62 mg/mL 
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were set using a two-fold serial dilution method. 
To another group of tubes containing 1.0 mL of 
nutrient broth that was previously autoclaved, 
additional 1.0 mL of serially diluted extracts were 
loaded and 100 μl of the bacterial suspension were 
also added to each tube. As a negative control, to 
another nutrient broth tube, 1.0 mL of absolute 
(99.8%) methanol was filled instead of the tested 
plant extract. A positive control tube was also 
prepared by adding 100 μl to a tube containing 
only nutrient broth. These tubes were covered 
and incubated overnight at 35°C. all tubes were 
visually inspected for possible bacterial growth 
by examining the development of turbidity on the 
incubated test tubes similar to the control tube. 
The MIC was described as the lowest dilution of 
the plant extract that did not result in noticeable 
growth.
Determination of the minimal bactericidal 
concentration (MBC)
 The minimum bactericidal concentration 
(MBC) of the Doum fruits methanol extract against 
the clinical bacterial isolates were determined 
following the assay reported by Doughari and 
Manzara18, with minor changes. 100 μl of each 
of the tubes resulted from the MIC test which 
showed no visible growth was dropped above the 
surface of the Mueller Hinton agar (NutriSelect® 
Plus, Merck, USA) plates, and then incubated 
for up to 24 hours at 35-37°C. After incubation 
period, plates were inspected for bacterial growth. 
The MBC value was described as the lowest 
concentration that resulted in no single bacterial 
colony on the Mueller Hinton agar plate.

RESULTS AND DISCUSSION
 Results of the Gas chromatography-
mass spectrometry (GC-MS) spectrum are 
shown in (Table 1). The NIST database was used 
to interpret the mass spectrum (GC-MS). The 
unknown constituent's spectrum was compared 
to the spectrum of identified components in 
the NIST library. Results showed that, Doum 
methanol extract includes some active principles, 
its composition along with their structure 
and percentage, retention time, molecular 
formula and molecular weight are represented in  
(Table 1). The GC-MS analysis identified 30 
compounds revealed that the extract was found 
to be a complex mixture of various chemicals, the 
highest chemical composition of Hyphaene thebaica 
(doom) methanol extract was Acetic acid decyl 
ester with (36.80%) followed by n-Hexadecenoic 
acid (5.14%),1H-Purine-2,6-dione, 3,7-Dihydro-
1-methyl (4.24%), 2-Furancarboxaldehyde, 
5-(2-Hydroxy-2-phenylacetyl), Dimethylhydrazone 
(4.67%), Propanoic acid, 3,3'-Dithiobis (3.52%) 
and [1,2,4] Triazolo [1,5-a] pyrimidin-7-ol (3.01%) 
respectively. Other compounds were in trace 
quantities (Table 1 and Fig. 1). Previous studies 
revealed that compounds isolated from doum 
are solvent-dependent, the essential oils of 
doum reported up to 57 compounds by GC-MS, 
including Incensole acetate (19.81 %), Incensole 
(17.52 %), Limonene (2.42 %), Beta-pinene 
(1.98 %), α-Terpineol (0.95 %), Terpinen 4-ol  
(1.77 %), Sabinene (0.82 %), and many more19. 
Moreover, Doum fruit possesses good functional 
properties, as it is rich in fibers, minerals, vitamins 

Fig. 1. Representative photo of positive antibacterial efficacy of methanolic extract of doum fruit against two 
clinical isolates
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Table 1. GC-MS analysis report for the methanol extract of Hyphaene thebaica (Doum) fruits

Retention Compound Molecular Molecular Chemical Percentage 
time  Weight(g/mol) formula structure (%)

4.158 Acetic acid decyl ester 200.32 C12H24O2  36.8

8.352 Tridecane 184.36 C13H28  1

9.311 4H-Pyran-4-one, 2,3-dihydro- 144.12 C6H8O4  0.72
 3,5-dihydroxy-6-methyl    

10.609 2-furan-carboxaldehyde, 5- 272.3 C15H16N2O3  4.67
 (2-hydroxy-2-phenylacetyl)-, 
 dimethylhydrazone

11.445 Thymol 150.22 C10H14O  1.45

11.801 2-Propen-1-ol, 3-phenyl- 134.17 C9H10O  0.96

12.694 Orcinol 124.14 C7H8O2  4.68

15.358 Diethyl phthalate 222.24 C12H14O4  0.6

16.24 2-sec-butyl-4,6-dinitrophenyl 322 C15H18N2O6  1.53
 3-methylbut-2-enoate    
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16.807 2,4-Dihydroxy-3,6-dimethyl- 182.17 C9H10O4  0.64
 benzoic acid    

17.101 [1,2,4] Triazolo[1,5-a] pyrimidin- 136.11 C5H4N4O  3.01
 7-ol    

17.180 Pentanoic acid, 4-methyl-,  144.21 l C8H16O2  1.44
 ethyl ester    

18.455 1H-Purine-2,6-dione, 166.13 C6H6N4O2  4.24
 3,7-dihydro-1-methyl

18.52 D-Galactonic acid,  178.14 C6H10O6  1.4
 gamma-lactone    

19.234 n-Hexadecanoic acid 256.4241 C16H32O2  5.14

     

19.777 3-Ethyl-5-methyl-1-heptyn-3-ol 154.25 C10H18O  0.72
     

20.15 Tributyl acetylcitrate 402.5 C20H34O8  1.04
     

20.898 9,12-ctadecadienoic acid, methyl 294.4721 C19H34O2  1.49
 ester,     
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20.955 Propanoic acid, 3,3'-dithiobis-  210.271 C6H10O4S2  3.52

21.128 Oxacyclododecan-2-one 184.27 C11H20O2  1.22

22.247 Cyclotetracosane 336.6 C24H48  0.57

22.405 (E)-2-Methyl-2-butenoic acid 100.12 C5H8O2  1.32

25.844 Dioctyl-n- phthalate 390 C24H38O4  3.73
   

and phytochemicals, which can be used variety of 
food-related applications and to promote health20.
 The results of the antibiotics profile of 
the tested bacterial strains presented that these 
pathogens are multi-drug resistant and pose 
a health threat (Table 2). Antibiotics is used in 
large quantities for human medicine, agricultural 

animals, and even aquaculture fish, resulted to 
super or multi-drug resistant pathogens. The 
aggregation of genes in bacteria is a common 
cause of this phenomena21. Therefore, the search 
for new sources of antibacterial drugs is of great 
importance. The results of the antibacterial 
evaluation revealed that doum methanol extract 

Table 2. The antibiotics susceptibility profile of the clinical bacterial strains

Clinical isolate Source Resistant to:

Pseudomonas aeruginosa Wound swab Aztreonam, piperacillin/tazobactam
Acinetobacter baumannii Trachea aspiration Amikacin, cefepime, cefoxitin, ciprofloxacin, gentamicin, 
  imipenem, levofloxacin, meropenem, tobramycin, Trimethoprim 
  / Sulfamethoxazole, and many more.
Klebsiella pneumonia Trachea aspiration Amikacin, amoxicillin / Clavulanic acid, ampicillin/sulbactam, 
  aztreonam, cefepime, ciprofloxacin, gentamicin, moxifloxacin, 
  and many more
Escherichia coli Urine Ciprofloxacin, tigecycline, aztreonam, and levofloxacin
Proteus mirabilis Abscess Amoxicillin / Clavulanic acid, gentamicin, Ampicillin/sulbactam, 
  tobramycin, ampicillin, and trimethoprim / Sulfamethoxazole.
Staphylococcus aureus Blood Beta-lactamase positive, Penicillin, Ampicillin
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was effective in inhibiting the growth of two 
antibiotics resistant bacteria and non-effective 
against the other four pathogens. As shown in 
(Table 3), the zone of inhibition (measured in 
mm) is a circular region surrounding the checked 
extract's spot where bacteria colonies do not grow. 
This region of inhibition was used to determine 
the bacteria's susceptibility to the extract or 
antibiotic (Fig. 1), the most susceptible bacteria 
were the beta-lactamase Staphylococcus aureus 
(14.5 mm) and Proteus mirabilis (10.25 mm), 
respectively. These results were confirmed by 
MIC and MBC tests (Table 4), were Staphylococcus 
aureus recorded 31.25 mg/mL for MIC and MBC, 
and Proteus mirabilis recorded 250 mg/mL MIC 
and 125 mg/mL MBC. Accordingly, this finding of 
this study recommend the Sudanese doum for 
treatment of Staphylococcus aureus infections. 
This bacterium is a causative agent for various 
human infections such as bacteremia, infective 
endocarditis, osteoarticular, pleuropulmonary, 
and skin and soft tissue infections22. Our previous 
study showed that doum extract was active 
against an American type culture collection strain 
of Staphylococcus aureus (ATCC BAA 1026)8, 
where recorded 16.0 mm inhibition zone and 

62.5 MIC. Meaning that, this beta-lactamase 
Staphylococcus aureus is much susceptible to the 
doum methanolic extract. Also, many previous 
studies reported remarkable antibacterial efficacy 
of different extracts of doum fruit, the activity 
includes both of the Gram-positive and Gram-
negative microorganisms23-25. In particular, the 
antibacterial efficacy against the tested Gram-
positive bacteria is due to the presence of 
biologically active ingredients doum methanolic 
extracts. Other solvent extracts of doum fruit are 
suggested to be investigated for its antibacterial 
potential which could lead to understand the 
nature and mechanism of the bioactive molecules 
of this desert fruit. Finally, the findings of this 
investigation are supported by Similar previous 
studies; the n-hexane extract of Doum fruit showed 
remarkable antibacterial activity against intestinal 
microflora and potential constipation associated 
pathogens, whereas the aqueous extract showed 
moderate activity26. Similar study on the GC-MS 
of Sudanese Doum revealed up to 30 compounds 
from the aqueous solution of doum powder, 
including Tris (hydroxymethyl) nitromethane, 
3-o-methyl-D-glucose, 5-Hydroxymethylfurfural, 
dl-Glyceraldehde dimer and Maltol27. Accordingly, 
the bioactive extracts of Doum fruit depend greatly 
on the type of solvent, either hydrophobic or 
hydrophilic.
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Table 3. The antibacterial potential of the methanolic extract of doum fruit

Compound   Mean of inhibition zone (mm)*

   Gram-negative   Gram-positive

 Pa Kp Ec Pm Ab Sa

Doum methanol extract  6.00 6.00 6.00 10.25 6.00 14.50
(500 mg/mL) 
Chloramphenicol  15.00 9.00 30.00 14.00 29.00 33.00
(5 mg/mL) 

*Pa=Pseudomonas aeruginosa, Ec= Escherichia coli, Kp=Klebsiella pneumonia, Pm= Proteus mirabilis, Ab=Acinetobacter 
baumannii, Sa= Staphylococcus aureus. 6.0 mm= No activity (diameter of the well).

Table 4. MIC and MBC of the susceptible bacteria to 
doum methanolic extracts

Bacterial strain MIC MBC 
 (mg/mL)  (mg/mL)

Staphylococcus aureus 31.25 31.25
Proteus mirabilis 250.00 125.00
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