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Abstract

Yemen is renowned for its rich biodiversity, particularly its medicinal flora, which includes numerous
endemic species of significant therapeutic value. This study aims to investigate the physicochemical and
phytochemical properties of the aerial parts of Jatropha spinosa, Jatropha variegata, and Euphorbia milii,
and evaluate their antioxidant and antimicrobial activities. Standard methodologies were used.
Physicochemical parameters such as ash value, extractive value and moisture content were evaluated and
phytochemicals like phenolics, flavonoids, tannins, terpenes, sterols and carbohydrates were determined in
the studied plants. The total phenolic content in the 80% methanolic extracts were 128.12, 63.70, and 50.54
mg GAE/g for Euphorbia milii, Jatropha variegata and Jatropha spinosa, respectively. Antioxidant activity
was evaluated using the in vitro DPPH assay. The ICso values of the methanolic extract of Jatropha spinosa,
Jatropha variegata, Euphorbia milii, and the standard quercetin were 100.71 + 0.43, 54.62 + 0.63, 12.56 +
0.34, and 2.37 £ 0.23 pg/mL, respectively. Among the studied extracts, Euphorbia milii exhibited the highest
antioxidant activity, when compared with the standard quercetin. The antimicrobial activity was assessed
using the agar well diffusion method. Methanolic extracts at concentrations of 250 mg/ml showed the highest
antimicrobial activity against Staphylococcus aureus, with Euphorbia milii, followed by Jatropha variegata
and Jatropha spinosa, producing inhibition zone diameters of 22.13 mm, 20.22 mm, and 17.43 mm,
respectively. Against Pseudomonas aeruginosa, the inhibition zones were 20.22 mm for Euphorbia milii,
18.97 mm for Jatropha variegata, and 17.77 mm for Jatropha spinosa. Similarly, against Proteus mirabilis,
inhibition zones were 18.32 mm, 17.54 mm, and 15.23 mm for Euphorbia milii, Jatropha variegata, and
Jatropha spinosa, respectively. For Candida albicans, the inhibition zones were 19.44 mm for Euphorbia
milii, 16.54 mm for Jatropha variegata, and 16.55 mm for Jatropha spinosa. The above results indicate that
the studied plants, especially Euphorbia milii, may be good sources of antioxidants and antimicrobials.

Keywords: Euphorbia milii, Jatropha variegata, Jatropha spinosa, Phytochemical, Antioxidant,

Antimicrobial.

1. Introduction cornerstone of Yemeni folk medicine due to the country's
rich and diverse vegetation, offering a wide range of
traditional remedies [3]. Notably, many therapeutic uses
of plants in Yemen are unique and not documented
elsewhere [4]. The Euphorbia family in Yemen, which
includes 106 species, has great botanical and medicinal
importance. The Euphorbia genus includes 62 species,

Traditional medicine still plays an important role in
health care in Yemen, as in developing countries in
general [1, 2, 3], as it includes medical beliefs and
practices determined by epidemiological, cultural,
historical and economic factors, with plants forming the
core of folk medicine [3]. Medicinal plants form the
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16 of which are endemic [5, 6]. Euphorbia is a vast and
diverse genus of flowering plants containing at least
2,000 species globally [7]. Similarly, the genus Jatropha,
in the Euphorbiaceae family encompasses approximately
170 known species [8]. Jatropha variegata is native to
Yemen, whereas Jatropha spinosa is indigenous to
Yemen and neighboring regions, including Saudi Arabia,
Somalia, and Djibouti [9]. In Yemeni folk medicine, J.
variegata and J. spinosa have traditionally been used for
their antimicrobial, antihemorrhagic properties, and
wound-healing capabilities [1, 3]. Euphorbia milii,
recently identified in Yemen, is native to Madagascar
and is widely cultivated as an ornamental plant in tropical
and temperate regions [10].

Research on Yemeni species collected from Taiz
Governorate has demonstrated that juices of J. variegata
exhibits antibacterial (against Gram-positive bacteria
only) and antioxidant properties, attributed to its
bioactive steroids and flavonoids [11]. It has also shown
anti-fertility and wound-healing effects [12, 13].
Likewise, J. spinosa stems were found to be less
effective against tested pathogens compared to the fresh
juice extract [14]. Although no scientific studies have
been conducted on E. milii in Yemen, research in other
regions highlights its medicinal potential in treating liver
diseases, cancer, and skin conditions [15].
Phytochemical analyses of E. milii have identified
cardiac glycosides, phytosterols, anthocyanins, proteins,
terpenoids, flavonoids, and tannins in its aerial parts [16,
17]. The increasing interest in the antioxidant and
antimicrobial properties of plant extracts underscores
their potential as sources for novel therapeutic agents
[18, 19]. Despite Yemen's rich plant diversity, many
species face threats and remain understudied [3, 20].
However, numerous native plants (especially medicinal
plants) exhibit promising biological activities with
potential global significance [20, 21, 22]. Most studies
on the Yemeni Jatropha spinosa and Jatropha variegata
have focused primarily on their stems or juices, leaving
many scientific aspects unexplored. Furthermore, there is
no research on Euphorbia milii to date. Therefore, this
study aims to investigate the physicochemical and
phytochemical properties of the aerial parts of these three
species, collected from Al-Dhalea Governorate, and
evaluate their antioxidant and antimicrobial activities.

2. Material and Methods
2.1. Plant material

Aerial parts of Jatropha spinosa, Jatropha variegata,
and Euphorbia milii were collected in April 2024 from
Al-Hisha, Al-Dhalea, Republic of Yemen, dried in the
shaded area and then manually grinded and stored at
room temperature for further analysis. The plant
specimens were identified by Prof. Abdul Nasser Algifri,
Department of Biology, University of Aden. Voucher

specimens of Jatropha spinosa, Jatropha variegata and
Euphorbia milii with No. FPUA 0003, FPUA 0041 and
FPUA 0002 respectively, were deposited in the
Herbarium Unit of the Pharmacognosy Department,
Faculty of Pharmacy, University of Aden for future
reference.

2.2. Physicochemical analysis

The physicochemical parameters such as loss on drying
(moisture content), total ash, acid insoluble ash, water
soluble ash, water soluble extractive and ethanol soluble
extractive values were carried out in dried powder
according to WHO methods [23].

2.3. Preparation of the extracts

Dried powders of the aerial parts of Jatropha spinosa,
Jatropha variegata and Euphorbia milii (50 g) were
extracted separately with 80% methanol (80-90 °C) in a
Soxhlet apparatus until complete extraction, which was
confirmed by the color of the extracted liquid. The 80%
methanolic extracts were filtered and evaporated to
dryness by rotary evaporator and the percentage yield of
each extract was calculated in terms of air-dried material.
The dried crude extracts were stored in a tightly closed
bottle at 4°C for further study [24, 25].

2.4. Qualitative phytochemical analysis

Phytochemical screening of the 80% methanolic extracts
of the aerial parts of Jatropha spinosa, Jatropha
variegata and Euphorbia milii was performed according
to the standard methods of Harborne [24, 25].

2.5. Determination of total phenolic content

The total phenolic content (TPC) of the 80% methanolic
extracts of the aerial parts of Jatropha spinosa, Jatropha
variegata and Euphorbia milii was determined using the
Folin-Ciocalteu reagent, following a slightly modified
method of Ainsworth [26]. Gallic acid was used as a
reference standard for constructing the calibration curve.
For the assay, 0.5 mL of the plant extract (1 mg/mL) was
mixed with 2 mL of Folin-Ciocalteu reagent (diluted 1:10
with deionized water) and neutralized with 4 mL of
sodium carbonate solution (7.5% wi/v). The reaction
mixture was incubated at room temperature for 30
minutes with intermittent shaking to allow color
development. The absorbance of the resulting blue
complex was measured at 765 nm using a UV-VIS
spectrophotometer. The total phenolic content was
determined using a standard calibration curve prepared
with gallic acid at concentrations of 20, 40, 60, 80, 120,
and 140 pg/mL. The results were expressed as mg gallic
acid equivalent (GAE) per gram of dry extract (mg
GAE/qg), calculated using the following equation:

TPC = X mg .V ml/Mg (mg GAE/Q)
Where:
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e X = Concentration obtained from the calibration
curve (mg/mL)

e \ =Volume of extract used (mL)
e M = Mass of extract used (g)
2.6. Thin layer chromatography analysis

The 80% methanolic extract of Jatropha spinosa,
Jatropha variegata, and Euphorbia milii (1g of each)
was separately extracted with n-hexane (20 mL) to obtain
n-hexanic fraction ( procedure was repeated three times).
The residue was dried, and then extracted with methanol
to obtain methanolic fraction as procedure mentioned
above. The obtained n-hexanic and methanolic fractions
were used for thin layer chromatography to separate
compounds and determine their Rf values, following the
method described by Waksmundzka-Hajnos M and
Wagner H [27, 28].

2.7. Antioxidant activity

The antioxidant activity of Jatropha spinosa, Jatropha
variegata and Euphorbia milii was evaluated using the
DPPH free radical scavenging method described by Chan
et al, with slight modifications [29]. Various
concentrations of the extracts and quercetin (5, 20, 60,
100, 140, and 180 pg/mL) were prepared. A DPPH
solution was also prepared by dissolving 6.0 mg of DPPH
in 100 mL of methanol. For the assay, 1 mL of each
dilution was added to a test tube containing 2 mL of
DPPH solution. The mixture was shaken vigorously and
left to stand in the dark for 30 minutes. A negative control
was prepared by adding 1 mL of methanol to 2 mL of
DPPH solution. Quercetin was used as the reference
compound. The absorbance of the resulting solutions was
measured spectrophotometrically at 517 nm.

The DPPH radical scavenging activity of the extracts was
calculated using the following equation:

Inhibition % = [(Ao —As) /Aq] X 100;

Ao is the absorbance of control and A; is absorbance of
test.

2.8. Calculation of IC5, Value

The antioxidant activity of the methanolic extract was
expressed as the 1Cso value and compared with the
standard. The ICs, value, representing the concentration
required to scavenge 50% of DPPH radicals, was
determined by linear regression analysis of the dose-
response curve plotting % inhibition against extract
concentration [30]. The results were presented as mean
values + standard deviation (n = 3).

2.9. Antimicrobial activity
2.9.1. Microbial strains

The antimicrobial activity of each plant extract was
evaluated using four microbial strains. Two strains of

Gram-negative bacteria (Pseudomonas aeruginosa and
Proteus mirabilis), one strain of Gram-positive bacteria
(Staphylococcus aureus) and one strain of fungi
(Candida albicans). The microbes were isolated
clinically and identified by microbiologist Dr. Abdullah
Omar, Head of the Microbiology Department at the
National Center for General and Central Laboratories in
Aden.

2.9.2. Inoculums preparation

Each bacterial strain was subcultured overnight at 37 °C
in Mueller-Hilton agar slants. The bacterial growth was
harvested using 5 ml of sterile saline water, and the
turbidity of the bacterial suspension was adjusted to 1.5
108 CFU/ml by comparison with 0.5 McFarland standard
against a sheet of white paper with black stripes. A 0.5
McFarland standard was prepared by mixing 50 pl of
1.175% barium chloride dehydrate (BaCl2.2H20) with
9.95 ml of 1% sulfuric acid (H.SO4) [31].

2.9.3. Antibacterial assay

Antibacterial activity of the 80% methanolic extracts of
Jatropha spinosa, Jatropha variegata, and Euphorbia
milii was tested by using Agar Well Diffusion method
according to [31, 32]. In this method, the Mueller Hinton
agar plates were inoculated with respective bacteria
(Pseudomonas aeruginosa, Proteus mirabilis and
Staphylococcus aureus) and left to dry for 10 minutes. 5
wells of 6 mm diameter were made on each agar plate
using sterile pipette tips. The wells were labeled as test
wells and control wells. The test wells were filled with
50 ul of different concentrations of the stock solution
prepared from the extracts. The concentrations used were
(50, 100, 150, 200 and 250mg/ml). Dimethyl sulfoxide
(DMSO) was used as negative control. The antibiotics
Augmentine (30 pg/disc), Ciprofloxacin (5 pg/disc),
Gentamycine (10 pg/disc), Amikacine (30 pg/disc) and
Impeneme (10 pg/disc) were used as positive control.
The antibacterial activity was determined after 24 hours
following incubation of plates at 37 °C, by measuring the
diameter of the inhibition zone (in mm) around both the
wells and disks using a ruler. All experiments were
performed in triplicate.

2.9.4. Antifungal assay

Pure culture for fungi was prepared by spreading fungi
suspension on Sterile physiological solution on Mueller
Hinton Agar. Then the same steps were done as the
antibacterial assay. Nystatin (100 pg/disc) was used as
positive control. The experiment was carried out in
triplicate [33].

2.10. Statistical Analysis

The data were analyzed using Student's t-test for variance
assessment. All experiments were performed in
triplicate, and the results were expressed as mean +
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standard deviation (SD). A p-value of less than 0.05 was
considered statistically significant.

3. Results and Discussion
3.1. Physicochemical analysis

The physicochemical parameters of the aerial parts of
Jatropha spinosa, Jatropha variegata, and Euphorbia
milii  were analyzed using dried powders.
Physicochemical analysis provides essential information
regarding the authenticity, purity, and quality of crude
pharmaceuticals. The percentage yield of 80% methanol
of the aerial parts of J. spinosa, J. variegata and E. milii
were 10.09%, 18.70%, and 13.37%, respectively. The
total ash content was 13.95%, 11.30%, and 12.68% for J.
spinosa, J. variegata, and E. milii, respectively,
representing the total mineral content. The acid-insoluble
ash values were 0.76%, 1.35%, and 0.83%, respectively,
indicating minimal siliceous contamination, which
ensures plant material quality. The water-soluble ash
values were 9.30%, 7.38%, and 6.63%, respectively,
supporting the presence of water-soluble inorganic
compounds that may have biological significance.
Extractive values indicate the solubility of active
compounds in different solvents. The high water-soluble
extractive values (16.50%, 21.00%, and 32.00% for J.
spinosa, J. variegata, and E. milii, respectively) suggest
the presence of highly polar compounds. Meanwhile, the
ethanol-soluble extractive values (4.80%, 10.60%, and

16.40%, respectively) indicate the presence of
moderately polar compounds, such as flavonoids and
phenolics. The moisture content was 9.96%, 8.93%, and
10.80%, for J. spinosa, J. variegata, and E. milii,
respectively, indicating that the plant material was
adequately dried, minimizing the risk of microbial
growth. High moisture content in crude drugs can
promote spoilage by molds and bacteria and may lead to
enzymatic degradation of active constituents [34].
Reducing moisture content enhances the shelf life of
crude drugs [35]. Physicochemical analysis plays a
crucial role in assessing adulteration, quality, and purity
of crude drugs [23, 36, 37]. The analyzed parameters in
this study were within acceptable limits (Table 1).

3.1. Qualitative phytochemical analysis

Phytochemicals such as phenolics, flavonoids, tannins,
terpenes, sterols and carbohydrates were identified as
major chemical components in the studied samples
(Table 2). Many references attribute the various
pharmacological effects of plants such as anti-
inflammatory, antibacterial, antiviral, antioxidant and
anticancer effects to the presence of secondary plant
metabolites including alkaloids, flavonoids, glycosides,
tannins, steroids, etc. [38, 39]. Previous research has
shown that the chemical components of Euphorbiaceae
family are diterpenoids, triterpenoids, sterols, flavonoids,
phenols, and tannins [11, 40, 41], which is consistent
with the result of our research.

Table 1: Physicochemical parameters (%ow/w) of the aerial parts of studied plants

otal a Acld oluble ater soluble

PIES (ROWE D : D : D 0 D a D a D 80% methano
Jatropha spinosa | 13.95+2.31 0.76+ 1.61 9.30+ 0.31 9.96+2.12 16.50+ 2.33 4.80+ 3.01 10.09
Jatropha variegata | 11.30+ 0.51 1.35+ 1.60 7.38+3.11 8.93+ 1.61 21.00+1.21 10.60+ 3.22 18.70
Euphorbia milii | 12.68+ 3.21 0.83+1.41 6.63+ 3.34 10.80+ 3.20 32.00+ 3.32 16.40+ 0.41 13.37

Table 2: The phytochemical screening of 80% methanol extracts of the aerial parts of studied plants

Phytochemicals

Jatropha spinosa

Jatropha variegata Euphorbia milii

Carbohydrates Benedict's test + + ++
Phenols/Tannins Ferric chloride test +++ +++ +4++
Shinoda test +++ +++ T+
. Sodium hydroxide Test ++ ++ ++
Flavonoids
Lead acetate test +++ +++ +++
Aluminum chloride test +++ +++ +++
Saponins Foam test
. Salkowski test +++ +++ 4+
Sterols/ Triterpenes -
Liebermann-Burchard test +++ +++ +++
Wagner’s test
Alkaloids Mayer’s test
Dragendorff’s test

+++ = Most intense, ++ = moderately intense, + = Least intense, - = absent.
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3.2. Determination of the total phenolic content
(TPC)

The present study has been carried out for quantification
of the total phenolic content of 80% methanolic extract
of the aerial parts of Jatropha spinosa, Jatropha
variegata and Euphorbia milii. The content of the
phenolic compounds in the selected extracts determined
from regression equation of the -calibration curve
(y=0.0024x-0.1024, R? = 0.992) of gallic acid (20-140
pg/mL) and expressed in mg Gallic acid equivalent
(GAE) per gram dry extract. The results were 128.12,
63.70 and 50.54 mg/g equivalent (GAE) in 80%
methanolic extracts of E. milii, J. variegata and J.
spinosa respectively, indicating the high phenolic
content in E. milii. The identification of phenolic
compounds is important because they possess diverse
biological activities, e.g., antiulcer, anti-inflammatory,
antioxidant, anti-cytotoxic, antispasmodic, angiogenic
and antitumor activities [11, 42]. Here we point out the
importance of intensifying chemical and pharmaceutical
research to isolate important compounds from these
plants and determine their pharmacological activity. The
calculation of the total phenolic content (TPC) is

represented in Table 3, and the calibration curve of gallic
acid shown in Figure 1.

3.1. Thin Layer chromatography analysis

The methanol and n-hexane fractions of 80% methanolic
extracts of Jatropha spinosa, Jatropha variegata and
Euphorbia milii were subjected to TLC test. TLC plate
(silica gel G 60 F254 with layer thickness 0.2mm,
Merck- Germany) and solvent system toluene: ethyl
formate: formic acid (8:4:0.5) was used to obtain the best
separation of compounds TLC is used as a rapid and
reliable screening method to confirm the presence of
phytoconstituents [27, 28]. By TLC examination, in the
methanol fraction, a large number of spots were found in
the E. millii extract (13 spots), while in the n-hexane
fraction a large number of spots were found in the J.
spinosa extract (11 spots). Photos of the plates were
taken in UV chamber (365 nm) and Rf values of
developed spots of different extracts were calculated
(Table 4 and Figure 2).

Table 3: Calculation of the total phenolic content (TPC) of 80% methanolic extracts of studied plants.

Regression

Absorption equation X (mg) TPC=X mg.V ml /M g TPC +SD
" TPC=0.12812mg.
E milii 0.4099 128.125 0.128125 o 128.12+ 2.43
J variagata 0.2553 y=00020x+0102| 43708 0.063708 TPCZOOG?’gggé“g'O'Sm"O' 63.70+ 1.31
3 spinosa 0.2237 50.541 0.050541 TPC=0.050§(A)1(_‘)léng.0.5mI/O, 5054+ 1.42
0.5
y = 0.0024x + 0.1024
0.4
3
c 0.3
o
2
2
202
=
0.1
0
0 20 40 60 80 100 120 140 160
Concentration (ug/mL)
Fig. 1: Calibration curve of gallic acid
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Table 4: TLC profile of methanol and n-hexane fractions in toluene- ethyl formate - formic acid (8:4:0.5).

Spots under 365 nm

Methanol fractions of:

Jatropha Jatropha Jatropha Jatropha
Rf values colour spinosa variegata Euphorbia miili spinosa variegata Euphorbia milii
+ + + + + -

n-Hexane fractions of:

0.96 Very light pink
0.92 Very light pink + + - +
0.82 Deep pink +++ +++ +++ +++ +++ +++
0.77 Light pink + + + 4 +
0.72 Deep pink ++ ++ ++ ++ ++ ++
0.65 Blue ++ + + ++ +
0.61 Light pink - + - +
0.56 Deep pink +++ +++ +++ +++ ++ ++
0.42 Light pink + + +
0.40 Blue - - + -
0.32 Light pink + + - +
0.30 Red - = - o
0.28 Blue - ++ - - +
0.26 Deep pink +++ +++ +++ +++ + ++
0.17 Pink ++ ++ ++ ++ - +
0.06 Blue - ++ = -

Total spots 11 10 13 11 7 8

+++ = Most intense, ++ = moderately intense, + = Least intense, - = absent.

A

3.2. The antioxidant activity

The antioxidant activity of 80% methanolic extracts of
the aerial parts of Jatropha spinosa, Jatropha variegata
and Euphorbia milii was determined by using in-vitro
DPPH free radical scavenging method. Different
concentrations of the sample extracts and standard

B
Fig. 2: TLC plates of methanol fraction (A) and n hexane fraction (B) of J. spinosa (1), J.
variegata (2) and £. milli (3), in toluene - ethyl format: formic acid(8:4:0.5) under UV 365

quercetin viz. 5 pg/ml, 20 pg/ml, 60 pg/ml, 100
pg/ml,140 pg/ml and 180 pg/ml were used in the
experiment. The free radical DPPH in solution is purple
and gives a strong absorption maximum at 517 nm.
DPPH turns from purple to yellow when the added
electron pairs with the hydrogen from the antioxidants
that scavenge free radicals to form the reduced DPPH-H.
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Data of % Inhibition (scavenging capacity) and 1C50
values of the methanolic extracts of J. spinosa, J.
variegata and E. milii and standard quercetinat different
concentrations are represented in Table 5 and Figure 3.
At a concentration of 180 pg/mL, the scavenging activity
of J. spinosa, J. variegata and E. milii was 84.30+ 0.42,
84.49+ 0.41, and 84.81+ 0.31%, respectively, while at
the same concentration, the scavenging activity of the
standard quercetin was 96.70+ 0.24%. The 1C50 values
of the methanolic extracts of J. spinosa, J. variegata, E.
milii and quercetin were 100.71 = 0.43, 54.62 + 0.63,
12.56 + 0.34 and 2.37 + 0.23 pg/ml, respectively,
indicating the high activity of E. milii extract among
other extracts, and thus the free radical scavenging
activity of different extracts and quercetin was in the
following order: Quercetin >Euphorbia milii>Jatropha
variegata>Jatropha spinosa. According to [43], the
antioxidant strength level is divided into four levels: very
strong (IC50 < 50 pg/ml), strong (IC50: 50-100 pg/ml),
moderate (IC50: 101-150 pg/ml), and weak (1C50: 250-
500 pg/ml). These results indicate that 80% of the
methanolic extracts of the studied plants have high
antioxidant activity due to the presence of flavonoids,
glycosides, tannins and steroids which were identified in
the studied plants and thus are in agreement with

previous research [38, 39]. Also, our results regarding the
antioxidant activity of J. variegata are in agreement with
those of previous researches [11, 12], and the antioxidant
activity of Indian and Pakistani E. milii is in agreement
with our results [16, 17].

3.1. The antimicrobial activity
3.1.1. The agar well diffusion assay

The results of the antimicrobial activity of the
investigated extracts are shown in Table 6 as well as
Figures 4, 5, 6 and 7. The antimicrobial activity was
determined by the presence or absence of an inhibition
zone around the wells. All of tested plants show
antimicrobial activity against used strains Pseudomonas
aeruginosa, Proteus mirabilis, Staphylococcus aureus
and Candida albicans.

The growth of microbial strains inhibited very effectively
by Euphorbia milii aerial part, followed by Jatropha
variegata then Jatropha spinosa. J. spinosa extract
recorded the smallest inhibition zone (10.12 mm) from
the lowest concentration of 50 mg/ml against C. albicans
with the diameters of the inhibition zone increasing with
increasing solution concentrations.

Table 5: Free radical DPPH scavenging activity (% inhibition) and ICs, value of extracts of studied plants and quercetin.

Concentration (zg/mL) Quercetin +SD J. spinosis +SD J. variagata +SD E. miili +SD
5 39.00+0.13 11.65+0.43 15.57+0.33 39.93+0.35
20 54.70+ 0.21 15.56+ 0.21 35.87+0.21 47.33+0.26
60 78.70+0.22 26.40+ 0.53 67.86+ 0.43 72.78+0.34
100 93.50+ 0.34 50.50+ 0.33 78.94+ 0.35 84.31+0.33
140 95.20+ 0.14 68.70+ 0.52 84.10+ 0.26 84.49+ 0.25
180 96.70+ 0.24 84.30+ 0.42 84.49+ 0.41 84.81+ 0.31
ICso (ug/mL) 2.37+0.23 100.71+ 0.43 54.62+ 0.36 12.56+ 0.34
100 ; g - y:O.32216x+49.235
/ = 0R26:4(6);(83 ?136 674
N /é%/ = ! R? = 0.8019
§60 // / y =0.377x + 29.405
5 R?=0.8058
= // y=0.4318x +6.5119
g 40 y R?=0.989
£ / / =@= qurcetin
20 ./.—/ —e— MeOH Ext E milli
0 e=@==\eOH Ext J.
5 5

0 75 100 125 150 175 200  Vvariagata

. ==@== [VIeOH Ext J. spinosis
Concentration (pg/mL) P

Fig. 3: The DPPH radical scavenging activity of 80% mehanolic extracts of
studied plants, and standard quercetin
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The methanolic extracts at concentrations of 200 and 250
mg/mL exhibited the highest antimicrobial activity
against S. aureus, with E. milii showing the strongest
inhibition, followed by J. variegata and J. spinosa,
producing inhibition zone diameters of 20.22 and 22.13
mm, 18.11 and 20.22 mm, and 16.33 and 17.43 mm,
respectively. Against P. aeruginosa, the inhibition zones
at 250 mg/mL were 20.22 mm for E. milii, 18.97 mm for
J. variegata, and 17.77 mm for J. spinosa. Similarly,
against P. mirabilis, inhibition zones measured 18.32
mm, 17.54 mm, and 15.23 mm for E. milii, J. variegata,
and J. spinosa, respectively, at 250 mg/mL. For C.
albicans, the inhibition zones at the highest
concentration (250 mg/mL) were 19.44 mm for E. milii,
16.54 mm for J. variegata, and 16.55 mm for J. spinosa.

By comparing the results of the current study with
previous research on Yemeni species, notable similarities
and differences in antimicrobial activity were observed.
For instance, J. variegata has been reported to exhibit
antibacterial activity exclusively against Gram-positive
bacteria, including multidrug-resistant strains [11]. The
leaf extract of J. variegata demonstrated moderate
antibacterial activity against S. aureus, with an inhibition
zone of 10.60 mm [13]. Additionally, the methanolic
extracts of J. spinosas were found to be less effective
against tested pathogens compared to the fresh juice
extract [14]. In contrast, the 80% methanolic extract in
our study exhibited the strongest inhibition. Furthermore,
both the methanolic stem extract and the fresh stem juice
of J. spinosa were ineffective against C. albicans at any

concentration [14]. However, our findings demonstrated
significant inhibition at a concentration of 250 mg/mL.
These discrepancies may be attributed to several factors,
including the plant part used, extraction methods, solvent
type, and environmental conditions. Several studies have
linked the antimicrobial and antioxidant activities of
various Euphorbiaceae family to the presence of
secondary metabolites such as biologically active
steroids, tannins, phenolics, and flavonoids [11, 12, 44].
Our findings align with this understanding, further
supporting the role of these bioactive compounds in
antimicrobial activity. Therefore, in-depth research, such
as bioactivity-guided fractionation, is needed to isolate
compounds with good biological activity from the plants
under study.

3.1.2. The sensitivity test of studied microbes
against selected antibiotics

The results presented in Table 7 indicate the sensitivity
of all tested bacterial strains to the antibiotics used, with
some exceptions. P. aeruginosa showed no inhibition in
response to Augmentin or Ciprofloxacin, while P.
mirabilis exhibited no inhibition against Imipenem. The
inhibition zone diameters of the tested antibiotics ranged
from 17.00 mm to 40.00 mm. P. mirabilis demonstrated
the lowest sensitivity to Gentamicin, with an inhibition
zone of 17.00 mm, whereas it exhibited the highest
sensitivity to Ciprofloxacin, with an inhibition zone of
40.00 mm. Additionally, C. albicans showed
susceptibility to Nystatin, with an inhibition zone of
25.67 £ 0.58 mm.

Table 6: Inhibition effect (mm) of aerial parts of studied plants against microbial tested by Agar well diffusion at
concentrations (50, 100, 150,200, 250mg/ml).

Microorganisms

Zone of inhibition (mm)

Methanolic extract of Euphorbia milii

Proteus mirabilis 11.55 13.65 14.22 16.43 18.32 -
Pseudomononas aeruginosa 12.33 14.45 16.44 18.76 20.22 -
Staphylococcus aureus 15.33 17.44 19.45 20.22 22.13 -
Candid albicans 11.55 13.33 14.21 16.65 19.44 -
Methanolic extract of Jatropha variegata
Proteus mirabilis 10.65 12.45 13.22 14.77 17.54 -
pseudomononas aeruginosa 10.33 12.34 14.98 16.77 18.97 -
Staphylococcus aureus 11.33 15.77 16.88 18.11 20.22 -
Candid albicans 11.34 13.55 14.65 15.11 16.54 -
Methanolic extract of Jatropha spinosa
Proteus mirabilis 10.44 12.34 13.43 14.65 15.23 -
pseudomononas aeruginosa 11.56 12.54 13.33 14.76 17.77 -
Staphylococcus aureus 10.77 13.22 15.12 16.33 17.43 -
Candid albicans 10.12 12.43 13.32 15.43 16.55 -
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Table 7: Sensitivity test (mm) of bacterial tested against some antibiotics.

Antibiotics

Augmentine

Ciprofloxacin (Cip) | Gentamycine (CN)

Amikacine (AKk)

Impeneme

Nystatin

Microorganisms

Intermediate

pseudomononas aeruginosa resistance resistance 20.00+£0.5 16.00+ 0.2 33.00+0.3 -
Staphylococcus aureus 21.00+0.3 30.00 + 0.58 25.00+£0.3 23.00+0.4 39.00+£0.2 -
proteus mirabilis 21.00+0.1 40.00 £ 0.29 17.00+£0.5 18.00+0.3 resistance -
Candid albicans - - - - - 25.67 +0.58
Fig. 4: A culture plate showing diameter of zones of inhibition of microbial growth for
methanol extract of Euphorbia milii A: Pseudomonas aeruginosa, B: Staphylococcus aureus,
C: Proteus mirabilis and D: Candlid albicans with concentrations of 1 =50 mg/ml 2 =
100mg/ml 3 = 150 mg/ml 4= 200 mg/ml 5= 250 mg/ml
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Fig. 5: A culture plate showing diameter of zones of inhibition of microbial growth for methanol extract of
Jatropha spinosa A: Staphylococcus Staphylococcus aureus, B: Pseudomonas aeruginosa, C: Proteus mirabilis,
D: Candid albicans with concentrations of 1 = 50 mg/ml 2 = 100mg/ml 3 = 150 mg/ml 4= 200 mg/ml 5= 250
mg/ml

Fig. 6: A culture plate showing diameter of zones of inhibition of microbial growth for methanol
extract of Jatropha variegata A: Staphylococcus Staphylococcus aureus., B: Candid albicans, with
concentrations of 1 = 50 mg/ml 2 = 100mg/ml 3 = 150 mg/ml 4= 200 mg/ml 5= 250 mg/ml
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Fig. 7: A culture plate showing diameter of zones of inhibition of microbial growth for methanol
extract of Jatropha variegata A: Pseudomonas aeruginosa, B: Proteus mirabilis, with
concentrations of 1 = 50 mg/ml 2 = 100mg/ml 3 = 150 mg/ml 4= 200 mg/ml 5= 250 mg/ml

Conclusion

The present study was conducted on Jatropha variegata,
which is native to Yemen, and Jatropha spinosa, which
is native to Yemen and neighboring areas, in addition to
Euphorbia milii. The physicochemical parameters, such
as total ash, acid-insoluble ash, water-soluble ash,
moisture content, water-soluble extractive and ethanol-
soluble extractive values were performed. Phenolics,
flavonoids, tannins, terpenes, sterols and carbohydrates
were identified as major chemical components in the
studied samples. The study showed that 80% of the
methanolic extracts of the aerial parts of Jatropha
spinosa, Jatropha variegata, and Euphorbia milii
exhibited antioxidant activity using the DPPH method, as
well as antimicrobial activity using the agar diffusion
method. This is the first study conducted on E. milii
cultivated in Yemen, and it can provide a simple
comparison between three species of the Euphorbiaceae
family, as well as contribute to documenting and
expanding knowledge of Yemeni medicinal plants.
However, further chemical and pharmacological studies
are needed to isolate compounds with good biological
activity from the plants under study.
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