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ABSTRACT: Resistance of some microbes to drugs is the subject of recent research that directed the effort towards natural
products to solve these problems. The objective of this work was to run phytochemical screening for garlic (Allium sativum)
bulbs and Balanites (Balanites aegyptiaca) fruit and to test their inhibition effects on Escherichia coli (E. coli). Samples of
Balanites fruits and garlic bulbs were brought from the local market whereas, a pure and identified strain of E. coli sample
was brought from the Central Medical Laboratory and was cultured on Eosin Methylene Blue (EMB) Agar. The phytochemical
screening of both products was run following the standard methods. Polar extracts of both B. aegyptiaca fruits and A. sativum
bulbs were prepared to test their inhibition activities on E. coli stain through the agar well diffusion method for 72 hours. The
GC-MS data revealed that Balanites fruit contained saponins, tannins, glycosides, flavonoids and terpinoids, whereas garlic
bulbs contained glycosides, sterols, flavonoids, resins, and terpinoids. Garlic bulbs at the concentrations of 127.78 and 25.56
mg/ml inhibited completely the formation of E. coli colony, while the concentration of 5.11 mg/ml showed an average
inhibition zone of 19.7 mm which was almost about that of the positive control cityzol (average of 19.3 mm). Balanites fruits at
the concentrations of 241.71 mg/ml caused a mean inhibition zone of 18.67 mm on E. coli colony after 72 hours, which was
statistically similar to that of the positive control cityzol It was clear that garlic bulbs at the tested concentrations have a
potential inhibitory effect better than that of Balanites fruit on E. coli local strains. There was a clear positive correlation
between concentrations and zones of inhibition.
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1. INTRODUCTION intestinal worm, dysentery, diarrhea, and stomach aches [11].

Escherichia coli is a rod-shaped, coliform, and Gram-
negative bacterium that is commonly found in the large
intestine of humans [1]. Most E. coli strains are harmless, but
some serotypes are sometimes responsible for food
contamination [2]. The harmless strains can benefit their
hosts by producing vitamin K [3], and preventing
colonization with some pathogenic bacteria [4]. E. coli
mostly gets to man through contaminated food or water, and
it can easily transmit between humans [5]. When infected
with E. coli, the symptoms involved fatigue, vomiting, severe
abdominal cramps, watery or bloody diarrhea, and fever [6].
E. coli constitute about 0.1% of gut microbiota [7]. E. coli is
able to survive for many days and grow outside a host [8],
this makes them a potential bio-indicator to test for fecal
contamination [9]. Plants as a source of natural compounds
play a vital role in the maintenance of human health since.
The natural compounds were used by humans as a traditional
medicine to treat different diseases and infections [15]. Garlic
(Allium sativum L.), family Liliaceae is the most commonly
used plant in folk medicine. It has a pungent odor resulting
from sulfur-containing compounds (e.g., allicin). Many
cultures recognized garlic for the prevention and treatment of
some diseases such as cholesterol metabolism, cardiovascular
disease, atherosclerosis, and cancer [14]. Recent research
focused on heart, cancer, and infectious diseases in addition
to antioxidant activity. Garlic found to have antihypertensive,
antioxidant, and antimicrobial action [10].

The desert date: Balanites aegyptiaca Del., family
Zygophyllaceae, is a spiny shrub or tree commonly
distributed in drylands of Africa and South Asia. Chemically,
it contains some organic compounds, e.g., protein, lipid,
carbohydrate, alkaloid, saponins, flavonoids, and organic
acids, in addition to balanitoside, balanitin-3, balanitin-6 and
-7, balagyptin, and diosgenin glycosides. Traditionally, it is
commonly used against various ailments i.e. jaundice,

The present work aimed to run phytochemical screening for
garlic bulbs and Balanites fruit to identify the main classes of
the organic compounds before testing the inhibition effect of
the polar extracts of these products on E. coli strain using the
agar well diffusion method.

2. MATERIALS AND METHODS

Samples

Samples of Balanites aegyptiaca fruits and Alium sativum
bulbs were brought from the local market areas of Wad
Medani city, Gezira State, Sudan. The pure and identified
strain of E. coli sample was brought from the Central Medical
Laboratory, University of Gezira.

Culture of E. coli

E. coli was cultured on a selective medium: Eosin Methylene
Blue (EMB) Agar at 39:1000 (g:ml water) in sterilized plastic
Petri-dishes (each containing 10-15 ml of EMB medium).
Preparation of the polar extracts

Polar extracts of both B. aegyptiaca fruits and A. sativum
bulbs were prepared by soaking a certain weight of each
product in a certain volume of acetone for 24 hours, then
filtered and poured into a clean Petri-dish and let it to dry by
evaporation of acetone solvent under room temperature. The
dry product of each extract was then weighed and mixed with
a certain volume of water to prepare five different
concentrations of each product.

The phytochemical screening

The phytochemical screening on the dry powders of both
products for the presence of the main classes (saponins,
tannins, glycosides, sterol and steroids, flavonoids, alkaloids,
resins, and terpinoids) was run following the methods of [12].
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Inhibition activity tests

Inhibition activities of B. aegyptiaca fruits and A. sativum
bulbs were run through the agar well diffusion method. E.
coli samples were streaked on the Petri-dishes, and
immediately, on the center of each Petri-dish, a small disc
paper (4 mm diameter) was impregnated for 5 minutes in one
of the prepared concentrations placed, then incubated for 72
hours at 37°C.

Cityzol 500 (metronidazole; produced by Cityphar
Pharmaceutical Industry, Sudan, production date: June 2021)
at a concentration of 20 mg/ml (positive control) and negative
control were also set the same way. The formation of E. coli
colonies at the negative control Petri-dishes considers the
sign to calculate the inhibition zones formed in the rest of the
Petri-dishes. The distance (in mm) between the disc paper in
the middle of each Petri-dish and the nearest colony was
taken as an inhibition zone for each concentration tested. All
tests were triplicate.

Statistical analysis

The simple descriptive statistics and the least significant
differences (LSD) among the tested concentrations and
negative and positive control were used. Results were
expressed as mean + standard deviations (SD). Data with
different letters reflected data with different levels of
significance.

3. Results and Discussion

Phytochemical screening

The sample of Balanites fruit mesocarp revealed the presence
of saponins, tannins, glycosides, flavonoids, and traces of
terpenoids (Table, 1). These results agreed with the work of
[11], who detect the presence of protein, lipid, carbohydrate,
alkaloids, saponins, flavonoids, organic acid (rutinoside and
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rhamnogalactoside, diosgenin, and glucopyranosyl) and
soluble tannins, except the presence of alkaloids in this study.
Garlic bulbs show the presence of glycosides, sterols,
flavonoids, resins, and terpenoids (Table, 1). This result was
confirmed with the work of [12], except for the absence of
saponins in this study, and this may be due to differences in
time, location, and even garlic variety.
Table (1) The presence (+) of the main phytochemicals on
Balanites and Garlic products

Phytochemicals Balanites fruit Garlic bulbs
mesocarp
Saponins + -
Tannins + -
Glycosides + +
Sterols - +
Flavonoids + +
Alkaloids - -
Resins - +
Terpenoids + +

Inhibition activity of garlic bulb

Garlic bulbs at the concentrations of 127.78 (Figure, 1) and
25.56 mg/ml inhibited completely (25 mm) the formation of
E. coli colony in all three Petri-dishes after 72 hours, while
the concentration of 5.11 mg/ml showed an average
inhibition zone of 19.7 mm which was almost about that of
the positive control cityzol (average of 19.3 mm). The
concentrations of 1.02 and 0.20 mg/ml showed considerable
inhibition zones (10.0 and 7.0 mm, respectively; Table, 2).
The inhibition activity revealed by garlic bulbs may be due
mainly to its chemical composition in addition to its
distinguish volatiles (terpenoids). A similar conclusion was
suggested by [13] who stated that: natural product extracts
that contain flavonoids and terpenoids were found to be
active on various E. coli virulence traits.

Table (2) Inhibition zone (mm) of E. coli caused by Garlic bulb aqueous extract after 72 hrs

Conc (mg/ml) Rep-1 Rep-2 Rep-3 Mean+SD
127.78 25 25 25 25+0%
25.56 25 25 25 25+0%
5.11 22 20 17 19.7+1.5°
1.02 12 10 8 10+1.2°
0.20 10 7 4 7+1.7°
Control 0 0 0 0+0°
Cityzol 500 (20 mg/ml) 20 19.3+0.7°

Inhibition activity of Balanites fruit

Balanites fruits at the concentrations of 241.71 mg/ml caused
a mean inhibition zone of 18.67 mm in E. coli colony after 72
hours, which was statistically similar to that of the positive
control cityzol (average of 19.3 mm). The concentrations of
48.34 and 9.67 mg/ml showed considerably high inhibition
zones (12.33 and 10.67 mm, respectively). Relatively low
inhibition zones were caused by the concentrations of 1.93
and 0.39 mg/ml (8.67 and 5.3 mm, respectively, Table, 3).
The inhibition activity revealed by Balanites fruits may refer
mainly to their chemical composition. [11] found that
aqueous extract of B. aegyptiaca has an antibacterial effect
against Salmonella typhi. Also, the activity of this plant
extract was comparable with those of antibiotics commonly
used for treating typhoid fever. This plant possesses saponins,

20 18

Figure (1) the Garlic bulb inhibition test on E. coli strain at
conc. (127.78 mg/ml)
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Table (3) Inhibition zone (mm) of E. coli caused by B. eagyptiaca fruit aqueous extract after 72 hours

Conc (mg/ml) Rep-1 Rep-2 Rep-3 Mean+SD
241.71 18 18 20 18.67+0.67°
48.34 12 15 10 12.33+1.45°
9.67 10 12 10 10.67+0.67°

1.93 8 10 8 8.67+0.67¢

0.39 8 5 3 5.3+1.5¢

Control 0 0 0 0+0°
Cityzol 500 (20 mg/ml) 20 20 18 19.3+0.7

tannins, phenols, and anthraquinones which were combined
and responsible for its activity.

GC-MS chromatogram for the aqueous extracts

The main compounds that were identified using the GC-MS
database from garlic bulb aqueous extract (Table, 4) were
sucrose (19.02%), diallyldisulfid-S-oxid (17.52%; which is

well known as allicin), acetaldehyde (8.62%), 2-Hydroxy-
gamma-butyrolactone (7.13%), 2-Propanone (7.10%; the
common acetone), propanoic acid (7.04%), trisulfide, allyl
trisulfide (6.22%; which is well known as allitridin), acetic
acid (6.21%), heptadecanoic acid (6.11%) and other traces
(less than 2%).

Table (4) Details of the identified compounds from garlic bulbs agueous extract

No Compound name Mol. formula Mol. Area %
weight
1 Sucrose C1oH,,04; 342 19.02
2 Diallyldisulfid-S-oxid CeH100S, 162 17.52
3 Acetaldehyde C,H,0 44 8.62
4 2-Hydroxy-gamma-butyrolactone C4HsO 120 7.13
5 2-Propanone C3HgO 58 7.10
6 Propanoic acid C3H¢O, 74 7.04
7 Trisulfide, allyl trisulfide CgH10S3 178 6.22
8 Acetic acid C,H,0, 60 6.21
9 Heptadecanoic acid C17H3,0, 270 6.11
10 4H-Pyran-4-one CsH,0, 96 4.07
11 Mononitromesitylene Benzene, 1,3,5-trimethyl-2-nitro C9H,;NO, 165 3.20
12 Hexadecanoic acid (Palmitic acid) C6H3,0, 254 3.12
13 Bisoflex Bis(2-ethylhexyl)phthalate Cy4H30, 390 2.84
14 Other traces >2.0

The main compounds that were identified using the GC-MS
database from Balanites fruit aqueous extract (Table, 5) were
the diosgenin 3-O-beta-D-glucopyranoside (24.13%) and 2-
O-alpha-L-Rhamnopyranosyl-D-glucopyranose (18.04%)
which considered as a product of the hydrolysis of balanitin-6
and -7 (the steroidal glycosides). The database also detected -

B-D-glucopyranosyl-(1—4) (9.09%), a-L-rhamnopyranosyl-
(1—-2)-B-D-glucopyranose (7.26%), 3B, 20S,22R,25R- 26-(B-
D-glucopyranosyloxy) the protogracillin (steroid saponins;
7.22%), -22-methoxyfurost-5- en-3-yl B-D-xylopyranosyl-
(1—-3) (7.12%); the steroidal glycosides).

Table (5) Details of the identified compounds from Balanites fruit aqueous extract

No Compound name Mol. formula Mol. Area %
weight
1 Diosgenin 3-O-beta-D-glucopyranoside Ca3H5,04 576 24.13
2 2-O-alpha-L-Rhamnopyranosyl-D-glucopyranose C1oH»,049 326 18.04
3 Balanitin Cs1Hg,02, 1047 12.24
4 -B-D-glucopyranosyl-(1—4) C1gH32016 504 9.09
5 a-L-rhamnopyranosyl-(1—2)-p-D-glucopyranose C12H2,01 326 7.26
6 (3B,20S,22R,25R)- 26-(B-D-glucopyranosyloxy) Cs51H8,40,3 1065 7.22
7 -22-methoxyfurost-5- en-3-yl f-D-xylopyranosyl-(1—3) C15H26043 414 7.12
8 -spirost-5-en-3-yl acetate Co9Hu40, 457 5.17
9 3-beta-hydroxycholest-5-ene-3, Cy7H4404 402 4.04
10 2-decyl-2-{[(4-O-alpha-D-glucopyranosyl- C47HggO9 1005 3.52
11 Other traces >3.0

CONCLUSION

Balanites fruit contained saponins, tannins, glycosides,
flavonoids, and terpenoids, whereas garlic bulbs contained
glycosides, sterols, flavonoids, resins, and terpenoids. Garlic
bulbs at the concentrations of 127.78 and 25.56 mg/ml

inhibited completely the formation of the E. coli colony after
72 hours, while the concentration of 5.11 mg/ml showed an
average inhibition zone of 19.7 mm which was almost about
that of the positive control cityzol (average of 19.3 mm).
Balanites fruits at the concentrations of 241.71 mg/ml caused
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a mean inhibition zone of 18.67 mm in the E. coli colony
after 72 hours, which was statistically similar to that of the
positive control cityzol (average of 19.3 mm). The
concentrations of 48.34 and 9.67 mg/ml showed considerably
high inhibition zones (more than 10.0 mm). It was clear that
the garlic bulb at the tested concentrations has a potential
inhibitory effect better than that of Balanites fruit on E. coli
local strains. There was a clear positive correlation between
concentrations and zones of inhibition.

GC-MS database identified sucrose, allicin, acetaldehyde,
acetone, allitridin, acetic acid, and other traces from garlic
bulb aqueous extract, while diosgenin, balanitin (the steroidal
glycosides), Protogracillin (steroid saponins), and steroidal
glycosides from Balanites fruit aqueous extract.
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