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Abstract: This study describes, firstly, the quantification of phenolic compounds in the methanolic
extract of Hammada scoparia (HS) and carries out, on the one hand, a comparative study on the method
of evaluation of the antioxidant activity using four methods namely: 2,2 diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging test, 2,2'-azino-bis-(3-ethylbenzothiazoline -6-sulfonic acid) (ABTS)
radical cation scavenging test, ferric reducing antioxidant power assay (FRAP) and p-carotene
bleaching assay, and on the other hand d to evaluate the antimicrobial activity with different organic
solvents. The results obtained show that the extract of this plant has a stronger antioxidant activity for
the FRAP and p-carotene bleaching method, with the same value of 1Cs (0.042 £ 0.002 mg/mL) against
IC50 (0.021+ 0.001mg/mL) for the standard antioxidant by the free radical scavenging test DPPH. In
addition, our extract contains high levels of total phenols (79.50 + 3.33 ug GAE/mg), total flavonoids
(21.16 = 4.50 ug QE/mg), and total condensed tannins (55.00 + 7.66 pg CE/mg). The results of this
study showed good agreement between the antioxidant activity and the phenolic content of the plant
material studied. Moreover, the organic extracts show good effectiveness against Gram-positive
bacteria, particularly the butanol extract, which shows an inhibition zone of 13 mm at 150 mg/mL
against Staphylococcus coagulase-negative bacteria. While it was moderate against other bacteria:
Enterococcus faecalis (10 mm at 150 mg/ mL) and Streptococcus spp, Escherichia coli, and Proteus
mirabilis with the same zone of inhibition (09 mm at 150 mg/ mL) as well as against the yeast, Candida
albicans (08 mm at 150 mg/ mL).
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1. Introduction

Aromatic and medicinal plants constitute a very important natural resource whose
valorization requires inventories and ethnobotanical surveys of this heritage to understand it
better. Their activities depend on the presence of various bioactive natural compounds
belonging to different chemical classes. Generally, these natural products are intended for the
development of new drugs [1], which help individuals regain and improve their physiological
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equilibrium [2]. In Morocco, these plants are natural resources that make up a large part of the
national economy [3].

The species Haloxylon scoparium Pomel (Syn. Hammada scoparia (Pomel) Iljin)
belongs to the most important genus (Haloxylon) of the family Amaranthaceae [4] and grows
wild in the desert and semi-desert areas in the Mediterranean and the Near East regions
[5]. In Morocco, it is locally known as "Remth" [6].

Hammada scoparia is a small, highly branched shrub distributed in North Africa,
southeastern Spain, and parts of Iran, Turkey, Irag, and Syria [7]. This species is known for its
medicinal properties and is used in traditional medicine [8]. In North Africa, it is used to
prevent various diseases, including hepatitis, antidiabetic, antioxidant, anti-inflammatory,
photoprotective, obesity [9-11] and protect against cardiovascular disease, atherosclerosis,
hypertension [12], antimitotic [13] and green synthesis of silver-doped nickel and copper
nanoparticles from Hammada scoparia showed moderate antimicrobial activity against four
bacterial strains (E. coli, S. Typhimurium, S. aureus, and E. faecalis) and low activity or was
ineffective against a strain of yeast (C. albicans) [14]. Also, the extract of the Hammada
scoparia plant showed excellent inhibitory activity against steel corrosion in an acidic medium
[15]. It is known in traditional medicine for the treatment of diabetes. It has shown a revival of
interest with its use by cancer patients. In Morocco, this species is widely used in traditional
medicine for treating wounds and pimples, as well as for hair care [1].

For this, we planned to carry out the present study, whose aim is to evaluate the
antioxidant activity using four methods: DPPH free radical scavenging test, ABTS radical
cation scavenging test, ferric reducing antioxidant power test (FRAP) and 3-carotene bleaching
test and finally to evaluate the antimicrobial activity of the aerial part of HS harvested in
Guelmim in the south of Morocco.

2. Materials and Methods

2.1. Chemicals and plant material.

All solvents were of analytical or HPLC grade and purchased from Professional Labo
(Casablanca, Morocco). The chemical reagents used in this work are classified as follows: 2,2°-
azino-bis (3-ethyl benzthiazoline-6-sulphonic acid), 2,2-diphenyl-1-pycridazil (DPPH 90%),
[-Carotene, aluminum chloride (AICI3), ferric chloride hexahydrate (FeCls,6H-0), potassium
persulphate (K2S20g), potassium ferricyanide KsFe(CN)s, Folin-Ciocalteau‘s phenol reagent,
sodium carbonate (Na2COs3), anhydrous sodium sulfate (Na2SQOas), sodium hydroxide (NaOH),
Gallic acid, Ascorbic acid, Quercetin, Catechin, and Vanillin were sourced from Professional
Labo (Casablanca, Morocco).

Hammada Scoparia was harvested fresh from the Guelmim area during March
randomly; the geographical location of the harvest site is as follows: (Latitude : N:
28°59°52.186"°, Longitude : W: 10°2°13.631°” and Altitude: 365 m), allowed to dry in the
shade, protected from moisture and stored carefully in a dry and ventilated area within the
Laboratory of Plant Biotechnology of the Faculty of Sciences in Agadir. The aerial part of this
species was then milled with an electric mill until a powder was obtained.

2.2. Extraction protocol.

A mass of 300 g of the aerial parts of the dry plant was macerated in 1.5 L of a

MeOH/water mixture (70/30, v/v) for 24 hours. The procedure was repeated three times, and
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the filtrates were combined before being concentrated to dryness under reduced pressure in a
rotavapor. The residue is added with 300 mL of distilled water and left to stand overnight. After
filtration, an aqueous solution is obtained, which is then subjected to liquid-liquid extraction
with solvents of increasing polarity: dichloromethane, ethyl acetate, and n-butanol.

The three recovered organic phases are dried over anhydrous sodium sulfate (Na2S0O4),
filtered, concentrated to dryness, and weighed. The residue obtained is stored at 4 °C in tinted
bottles, away from light, until used.

2.3. Quantification of the phenolic compound content.

2.3.1. Total phenolic content.

The phenolic content of the methanol extract was quantified using the Folin-Ciocalteu
method [16]. Briefly, 100 uL of extract or standard antioxidant (gallic acid (GA)) was mixed
with 500 pL of the Folin-Ciocalteu reagent (10 times diluted in distilled water). After 2 minutes
of incubation, 2.00 mL of the 20% Na>COs solution was added. The mixture was left to settle
for 30 minutes in the dark, and the absorbance was read at 765 nm using a LLG-uniSPEC 2
Ultraviolet-Visible spectrophotometer against a blank without extract. The optical densities of
the prepared solutions were used to plot the calibration curve for GA. All measurements are
performed in triplicate.

2.3.2. Total flavonoid content.

The total flavonoid content of the extract was determined by the colorimetric method
using aluminum trichloride, as described by Quettier-Deleu et al. (2000) [17]. A sample of 1.00
mL of extract or standard quercetin (Q) (prepared in methanol) is added to 1.00 mL of a freshly
prepared solution of AICI3 (2% in methanol (mass/volume). After 10 minutes of reaction, the
absorbance is read with a spectrophotometer (LLG-uni spec2spectrophotometer) at 430 nm.
The concentration of total flavonoids was calculated using a calibration range established with
standard quercetin prepared in methanol (mass/volume). Results are expressed as milligrams
of quercetin equivalent (QE) per gram of extract (mg QE/g of extract). All the tests are
reproduced three times.

2.3.3. Total condensed tannin content.

The quantification of condensed tannins (proanthocyanidins) in our extracts was
determined according to Sun et al.'s 1998 method. In the presence of hydrochloric acid, the
condensed tannins depolymerize and, upon reaction with vanillin, turn into red anthocyanins,
which can be measured spectrophotometrically at 500 nm [18]. Fifty uL of the sample or
diluted standard, 3.00 mL of 4% vanillin solution in methanol (mass/volume), and 1.50 mL of
concentrated HCI were added. The mixture was allowed to stand for 15 minutes, and the
absorption was measured at 500 nm against a water/methanol mixture (v/v) as a blank. A
calibration curve was produced in parallel under the same operating conditions using catechin
(C). The contents of condensed tannins are expressed in milligrams of catechin equivalent per
gram of extract (mg CE/g extract). The sample was analyzed in triplicate.
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2.4. Evaluation of antioxidant activity.

2.4.1. DPPH free radical scavenging assay.

The evaluation of the antioxidant activity is carried out by the Scavenger method of the
DPPH-" radical (2,2 diphenyl-1-picrylhydrazyl). It is a relatively stable free radical, purple in
color, with a maximum absorption band at 517 nm in methanol. In the presence of a hydrogen-
donating antioxidant (HA), it is reduced to 2,2-diphenyl-1-picrylhydrazine (DPPH-H) and
changes color to yellow. 1.80 mL of a methanolic solution of DPPH of concentration 0.004%
(w/v) and 0.20 mL of various concentrations of methanolic extract or of standard were added.
After 30 minutes in the dark, the absorbance of the mixture is measured at 517 nm
spectrophotometrically. The decrease in absorbance indicates an anti-radical effect of the test
substance [19]. The ICso (50% inhibitory concentration), also called ECso (Efficient
concentration 50), is the concentration of the sample ¢or standard) tested necessary to reduce
50% of the DPPH" radical. The ICxo is calculated graphically from the percentage inhibition at
different concentrations of the extracts tested [20]. 1Cso values were determined graphically by
linear regression. A low ICso value indicates high antioxidant activity. The experiment was
done in triplicate.

2.4.2. Ferric reducing antioxidant power assay (FRAP).

The reducing power of iron (Fe*") in the extracts is determined according to the method
described by Oyaizu [21]. One milliliter of the extract at different concentrations is mixed with
2.5 mL of a 0.2 M phosphate buffer solution (pH 6.6) and 2.5 mL of a solution of potassium
ferricyanide KsFe(CN)g at 1%. The whole is incubated in a water bath at 50°C for 20 min, then
2.5 mL of 10% trichloroacetic acid is added to stop the reaction, and the tubes are centrifuged
at 3000 rpm for 10 min. An aliquot (2.5 mL) of supernatant is combined with 2.5 mL of distilled
water and 0.5 mL of an aqueous solution of (FeCls - 6H20) at 0.1%. The reading of the
absorbance of the reaction medium is done at 700 nm against a similarly prepared blank,
replacing the extract with distilled water, making it possible to calibrate the device (UV-VIS
spectrophotometer). The positive control is a solution of a standard antioxidant, whose
absorbance was measured under the same conditions as the samples. The experiment was done
in triplicate.

2.4.3. ABTS radical cation scavenging assay.

The solution of ABTS radical cation (ABTS*") is prepared by mixing 2 mM of ABTS
with 70 mM of a solution of potassium persulfate(v/v). The mixture is left to stir for 24 hours
in the dark and at room temperature before use. This solution is then diluted with methanol to
obtain an absorbance of 0.700 ( 0.02) at 734 nm. 2 mL of this solution and 200 pL of extract
or positive control are added after 30 min; the absorbance at 734 nm is noted [22]. The
experiment was done in triplicate.

2.4.4. B-Carotene bleaching assay.

The antioxidant activity of the aqueous solution was determined by a p-
carotene/linoleic acid system [23]. Briefly,ImL of B-carotene solution (2 mg/mL in
chloroform), 40 uL of linoleic acid, and 400 puL of Tween 20 were transferred to a round-
bottom flask. The chloroform from the mixture was evaporated using a stream of nitrogen.
https://nanobioletters.com/ C40f15
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Then, distilled water (100 mL) was slowly added to the residue and vigorously stirred to give
a stable emulsion. A 2.5 mL aliquot of this emulsion was added to 500 uL of the methanolic
solution of Hammada scoparia prepared at different concentrations. To the control reaction
mixtures, 500 pL of distilled water was added. Absorbance was measured immediately at 470
nm. The tubes were placed in a 50°C water bath, and the absorbance was measured after 120
min. The experiment was done in triplicate.

2.5. Evaluation of antimicrobial activity.

2.5.1. Microorganisms.

Microorganisms used in this study are pathogenic species obtained from Oued Noune
Laboratory for Medical Biology Analysis, Guelmim, Morocco, and consisted of five bacterial
species, namely Enterococcus faecalis, Proteus mirabilis, Streptococcus spp, Escherichia coli,
Staphylococcus coagulase-negative, and a yeast: Candida albicans. Purity, viability, and
identification of the organisms were checked by plating, Gram staining, and the Vitek 2 System
(Biomerieux Vitek).

2.5.2. Solid medium diffusion method.

Antimicrobial activity was assessed using the diffusion method on Mueller-Hinton
(MH) and Sabouraud (SB) agar media according to CLSI recommendations [24]. Thus, the
media (MH) and (SB) are uniformly inoculated with a sterile swab using a saline suspension
(NaCl 0.9%) of the strain to be studied, previously adjusted to the 0.5 McFarland standard
(equivalent to 1x10® cfu/mL). The inoculum can be adjusted by adding either sterile
physiological water if it is too strong or culture if it is too weak. This solution represents the
bacterial inoculum that will be used for the entire study. Whatman absorbent paper discs 5 mm
in diameter are sterilized in an autoclave (121°C for 15 minutes). They are soaked in the
vegetable waters to be tested (introduced into the bottles containing the evaporated vegetable
waters of different concentrations). The discs thus prepared are deposited on the media (MH)
and (SB) after 24 hours of incubation at 37°C for bacteria and 48 hours at 25°C for yeasts. The
diameter of the inhibition zones is measured using a ruler. The manipulations are repeated 3
times for each test.

2.5.3. Determination of minimum inhibitory concentration (MIC).

The minimum inhibitory concentration (MIC) is determined using the 96-well
microdilution technique with brain-heart broth: Brain Heart Infusion (BHI) [25]. A range of
concentrations is prepared by diluting the extract in a base-2 series. 25 pL of the dilutions is
distributed in wells 1 to 10 of the microplate. Wells 11 and 12, respectively, represent the
bacterial culture control (culture medium and inoculum) and the sterility control of the BHI
culture medium (nutrient broth only). The microbial inoculum is prepared in 5 to 10 mL of
sterile physiological water from pure 24-hour cultures. The suspension density, measured on a
densitometer, is adjusted to 0.5 MacFarland (108 CFU/mL). The microplate wells are
inoculated with a microbial suspension, except the 12th column, which serves as a negative
control.

5 pL of the microbial suspension, except for the 12" column, serves as a negative
control.70 pL of BHI medium are distributed in the 96 wells of the microplate. The plates are
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then incubated at 37°C for 24 hours. After incubation, any growth is indicated by turbidity at
the bottom of the well. The MIC is defined as the minimum concentration of extract for which
no growth visible to the naked eye is observed.

2.5.4. Determination of minimum bactericidal concentration (MBC).

The minimum bactericidal concentration (MBC) was determined by plating directly
100 pL of the contents of wells with concentrations above the MIC. The MBC was determined
after incubation for 24 hours at 37°C, and the lowest concentration that completely inhibited
growth was considered the MBC. The antibacterial effect was judged to be bactericidal or
bacteriostatic, depending on the ratio of MBC/MIC. Indeed, if MBC / MIC < 4, the effect is
bactericidal, and if MBC/MIC > 4, the effect is bacteriostatic [26].

3. Results and Discussion

3.1. Total phenolic, flavonoid, and tannin contents.

Plant-derived natural products, whether as pure compounds or standardized extracts,
have attracted attention for their many health benefits and offer numerous opportunities for
new drug discovery [27-29]. Natural products possess structural complexity, diversity, and
chirality with attractive functions and biological activities that have significantly impacted drug
development initiatives [30].

Preliminary tests to estimate the phenolic content in the aerial parts of Hammada
scoparia (Pomel) Iljin enable assessment of the biochemical quality of this plant species. In
other words, these tests revealed the presence of a significant amount of these secondary
metabolites and suggested that the plant may have medicinal importance. The phytochemical
constituents of HS were extensively investigated, and the structures of the main bioactive
molecules were determined. It is a plant particularly rich in alkaloids (carnegine and N-
methylisosalsoline) and flavonoids (isorhamnetin triglycerides), as reported by Bourogaa et al.
and Ben Salah et al. [31,32]. Qiu et al. [33] determined the potential renoprotective effects of
isorham-netin in a type 2 diabetic rat model. Indeed, plants rich in phenolic metabolites exhibit
biological activities such as antiviral, antithrombotic, anticancer, antiallergic, antimicrobial,
hepatoprotective, and antihypertensive. As shown in previous studies, plants rich in phenolic
metabolites exhibit biological activities such as antiviral, antithrombotic, anticarcinogenic,
antiallergic, antimicrobial, hepatoprotective, and antihypertensive [34,35]. Additionally, many
natural compounds with anticancer properties are phenols and flavonoids that can influence
cell cycle progression [36-38].

The results of the assay of the phenolic compounds of the aerial part of Hammada
scoparia are grouped in Table 1.

Table 1. Contents of phenolic compounds in the aerial parts of Hammada scoparia

The phenolic compounds Total phenolic Total flavonoids Total condensed tannin
(ng GAE /mg) (ng QE/mg) (ng CE/mg)
Content | 79.50 +3.33 | 21.16 £4.50 | 55.00 £7.66

According to our results, it appears that the content of total phenols in our methanolic
extract of HS (79.50 + 3.33 ug GAE/mg of extract) has a lower content than that of Benkherara
et al. (2018) (228.582 + 0.689) ug GAE /mg Dry Matter(DM) [39] and better than that of
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Bouaziz et al. (2016) (59.75 + 1.80) ug GAE /mg [40]. While the total flavonoid content of the
methanolic extract of the same species is (21.16 + 4.50 ug QE/mg of extract), this value is
higher than those of Benkherara et al 2018 (17.056 + 0.108) ug Rutin equivalent (RE)/mg DM
[39] and lower than those of Alghazeer et al. (81.07 + 6.14 (ug RE/mg DM [41]. In addition,
it is important to emphasize that our methanolic extract of HS has a content of condensed
tannins higher than those Belhadj Tahar et al. of the fraction butanol (2.862 + 0.012) ug CE/mg
DM [42], i.e. around 55.00 £7.66 ug CE/mg of extract and also higher than those of Benkherara
etal. (0.958 + 0.052) ug CE/mg DM [39]. In general, phenolic compounds are among the most
effective antioxidant sources, and they are dominant in plants, as their content can be extracted
more readily, and a direct relationship between total phenolic content has been highlighted,
highlighting the importance of structure-activity relationships in the field of natural
antioxidants [43].

3.2. Evaluation of antioxidant activity.

This study evaluates the antioxidant activity of the extract from the aerial parts of
Hammada scoparia (Pomel) Iljin using four methods: DPPH, ABTS, FRAP, and the 3-carotene
bleaching test. These methods are distinguished by their mechanisms of action and would be
complementary to the study of the antioxidant potential of plants (Table 2).

3.2.1. DPPH Free radical scavenging activity.

The lower IC50 value indicated the plant extract's higher antioxidant activity [44].

According to the values reported in Table 2, it is important to emphasize that the extract
of Hammada scoparia (has a very powerful antioxidant power(0.047 £ 0.007 mg/mL) but
remains less important than the standard antioxidants, ascorbic acid (0.021 + 0.001mg/mL). By
comparing our results with those of the literature, let us quote, for example, the 1Cso of our
methanolic extract of Hammada scoparia (0.047 £ 0.007 mg/mL) is higher than those obtained
by Bouaziz et al. (28 + 0.70 ug/mL) [40] but this lower than those of Bakchiche et al. (114 £
1.50 pg/mL) [45], in other words, our extract has a lower antioxidant power than those of
Bouaziz et al. [40] and powerful to those of Bakchiche et al. [45].

3.2.2. Ferric reducing antioxidant power assay (FRAP).

According to the values grouped in Table 2, it is clearly apparent that the Hammada
scoparia extract has excellent antioxidant power (0.042 + 0.002 mg/mL) but remains less
important than the positive control, ascorbic acid (0.022 + 0.004 mg/mL). It is suggested that
the reducing power of our extract is due to the presence of hydroxyl groups in the phenolic
compounds, which can serve as electron donors. Therefore, antioxidants are considered
reducers and inactivators [29].

3.2.3. ABTS radical cation scavenging test.

In light of the research results reported in Table 2, we see that the extract of Hammada
scoparia has good antioxidant activity (0.046 + 0.005 mg/mL) but remains lower than that of
the reference antioxidant, ascorbic acid (0.031 £ 0.002 mg/mL). Moreover, the antioxidant
effect of the methanolic extract of Hammada scoparia is closer to that of Benkherara et al.
(40.506 £ 0.110) mgTrolox E/g DM [39].
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3.2.4. B-Carotene bleaching test.

According to the values in Table 2, it is important to note that the extract of Hammada
scoparia has strong antioxidant activity (0.042 + 0.002 mg/mL) but remains lower than that of
the reference antioxidant, ascorbic acid (0.027 £ 0.005 mg/mL). In addition, the 1C50 values
in the table below demonstrate that our extract is a strong natural antioxidant. Generally, the
results of such a study vary depending on the nature of the extraction solvent, its polarity, and
the analytical methods used.

Table 2. Antioxidant activity of Hammada scoparia extract using DPPH, ABTS, FRAP, and p-Carotene
bleaching methods.

Antioxidant activity tests
Sample/Standard DPPH FRAP ABTS [-Carotene bleaching
ICso(mg/mL) 1Cso(mg/mL) 1Cso(mg/mL) ICso(mg/mL)
Methanolic extract 0.047 £ 0.007 0.042 £ 0.002 0.046 + 0.005 0.042 + 0.002
Ascorbic acid 0.021 £ 0.001 0.022 £ 0.004 0.031 +0.002 0.027 £ 0.005

The antioxidant activity of the sample varies depending on the solvent used and, in
particular, the analytical method. Recent studies have shown that there is no universal method
to quantitatively and accurately assess antioxidant activity [31]. In addition, the results of these
in vitro tests have given us an idea of the relative antioxidant activity of the extract from the
aerial parts of HS. This study confirmed the medicinal potential of the leaves and stems of this
halophyte plant species and agrees with the medicinal potential of the Amaranthaceae family
demonstrated by several authors [32-34].

The most common tests used are the DPPH and ABTS tests, both based on and,
therefore, named after an electron-deficient radical [46] as a stable free radical. DPPH does not
need to be freshly prepared like the ABTS radical cation. However, the ABTS test is less prone
to interference from colored samples because it uses a higher wavelength [47]. Both are
artificial radicals and not physiologically relevant; therefore, only direct reactions of the radical
with the antioxidant compound studied are measured [48]. The underlying reaction
mechanisms cannot be attributed solely to hydrogen atom transfer (HAT) or single-electron
transfer (SET), as both occur in varying proportions depending on the concentration and
structure of the test compound, the solvent, and pH. In general, the transfer of electrons is very
fast, while the transfer of hydrogen is relatively slow. This initial electron transfer is much
faster in the ABTS assay due to the sterically hindered DPPH radical site, which is difficult for
phenols to access [49]. Again, this confirms the higher reactivity of the ABTS radical cation
[47]. The other test studied is the FRAP test, which is based on a SET reaction. In the presence
of an antioxidant, during FRAP testing, Fe* is reduced to Fe?*, respectively, resulting in a
color change that can be monitored photometrically and is directly correlated to phenolic
content and antioxidant capacity [48]. Moreover, the FRAP assay has high sensitivity and
accuracy but suffers from non-physiological measurement conditions at low pH [50]. However,
[B-carotene is nonpolar and highly lipophilic due to its conjugated hydrocarbon structure
without a polar functional group [51]. The free radical of linoleic acid is attacked by -carotene
so that it undergoes rapid bleaching as it loses the double bonds and, therefore, its orange color
[52].
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3.3. Evaluation of antimicrobial activity.
3.3.1. Sensitivity test.

The values in Table 3 represent the zone of inhibition measured in millimeters,
including the diameter of the paper disc, which was used as the criterion for measuring HS's
antimicrobial activity. These results revealed that the extracts studied are slightly more
effective against Gram-positive than Gram-negative bacteria, with a diameter of 7-13 mm and
13 mm for the butanol extract.

Table 3. Sensitivity of the strains studied to different extracts of HS solvents.

Zones of inhibition (mm)
Strains Dichloromethane extract Ethyl acetate extract Butanolic extract
(mg/mL) (mg/mL) (mg/mL)
50 100 150 50 100 150 50 100 150
Staphylococcus

coagulase-negative 0 0 0 0 0 07 07 10 13
. Streptococcus spp 0 0 0 0 0 0 0 07 09
Bacteria Enterococcus faecalis 0 0 0 0 0 0 0 08 10
Escherichia coli 0 0 07 0 0 08 0 07 09
Proteus mirabilis 0 0 0 0 0 0 0 07 09
Yeasts Candida albicans 0 0 0 0 0 0 0 0 08

On the other hand, activity has been reported against Candida albicans yeast, with a
zone of inhibition of 08 mm for the butanol extract. Moreover, Lamchouri et al. [53] reported
no inhibitory effect of the organic extracts studied (petroleum ether, chloroform, ethyl acetate,
methanolic, and aqueous) against the microorganisms tested, except for Staphylococcus aureus
with the ethyl acetate extract (7-12 mm). In contrast to our results, those obtained by Awaad et
al. [54], showed good antimicrobial activity of the ethanolic extract of Hammada scoparia
against several pathogenic bacteria, including Enterococcus faecalis (13 mm), Escherichia coli
(15 mm), Moraxella lacunata (12 mm), Proteus mirabilis (12 mm), Serratia marcesens (10
mm), Pseudomons aeruginosa (09 mm), Salmonella typhi (12 mm), Bacillus subtilis (11 mm),
Micrococcus luteus (12 mm), Sarcina ventricull (09 mm), Staphylococcus aureus (10 mm) and
pathogenic fungi including Candida albicans (10 mm), Candida tropicalis (0 mm), Aspergillus
flavus (09 mm), Aspergillus fumigates (08 mm), Penicillium chrysogenum (10 mm). However,
the plant extracts had higher phenolic content, which did not correlate with the antibacterial
effects. The extracts could be combined to achieve broader antibacterial effects [55].

3.3.2. Determination of antimicrobial parameters (MIC and MBC).
The antimicrobial parameters (MIC and MBC) are collated in Tables 4-6.

Table 4. Antibacterial parameters of butanolic extract.

Strains Butanolic extract (mg/mL)
MIC MBC MBC/MIC
Escherichia coli 50 50 1
Staphylococcus coagulase-negative 50 100 2
Bacteria Enterococcus faecalis 100 100 1
Proteus mirabilis 100 100 1
Streptococcus spp 100 100 1
Yeasts Candida albicans 100 - -
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Table 5. Antibacterial parameters of ethyl acetate extract.
Ethyl acetate extract (mg/mL)

Strains

MIC MBC MBC/MIC
Escherichia coli 100 100 1
Staphylococcus coagulase-negative 100 100 1
Bacteria Enterococcus faecalis - - -

Proteus mirabilis - -
Streptococcus spp - -
Yeasts Candida albicans - -

Table 6. Antibacterial parameters of dichloromethane extract.
Dichloromethane extract (mg/mL)

Strains MIC MBC MBC/MIC
Escherichia coli 50 50 1
Staphylococcus coagulase-negative - - -
Bacteria Enterococcus faecalis - -

Proteus mirabilis - -
Streptococcus spp - -
Yeasts Candida albicans - -

According to the results collated in the tables above, the minimum inhibitory
concentrations are high for the organic extracts of Hammada scoparia, ranging from 50 to 100
mg/mL. Similarly, MBC oscillates between the same values of 50 and 100 mg/mL. Through
these results, it is important to emphasize that the butanol extract is bactericidal (MBC/MIC <
4) against all microorganisms except Staphylococcus coagulase-negative, while the Ethyl
acetate extract is bactericidal against Escherichia coli and Staphylococcus coagulase-negative.
At the same time, the dichloromethane extract is bactericidal, but only against Escherichia coli.
A study on the same species from Tunisia, conducted by Bouaziz et al. [40], demonstrated that
different alcoholic and organic extracts of Hammada scoparia exhibit antibacterial activity
against a range of bacteria, except the hexane extract. For example, the sensitivity of
Escherichia coli ATCC 25922 to hydroethanolic extracts (1. 9; v/v), dichloromethane,
methanol, and the alkaloid "Carnegine" isolated from crude plant extract, 18 £ 0.5 mm, 16 +
0.5 mm, 18 + 0.6 mm, 22 + 1.1 mm, respectively. At the same time, the sensitivity of
Enterococcus faecalis ATCC 29212 to the same extracts is 8 + 0.1 mm, 12.3 £ 0.4 mm, 12+ 0
mm, and 18 + 0.6 mm, respectively. However, the MIC values of carnegine ranged from 0.125
to 0.5 mg/mL, and the MBC was from 0.25 to 2 mg/mL. The most sensitive microbe for their
study was Gram-negative Escherichia coli. In addition, they were obtained for N-
methylisosalsoline, with large MIC (0.5 to 4 mg/mL) and MBC (2 to > 10 mg/mL).

Distinctive phenolic compounds have been reported to have different effects on Gram-
negative and Gram-positive bacteria [56] because they have distinct mechanisms of action. The
antibacterial mechanism of phenolic compounds is mainly attributed to their ability to generate
hydrogen peroxide, which, when coupled with their capacity to complex metal ions, inhibits
the activity of essential enzymes and destabilizes bacterial membranes, increasing their
permeability [57]. The antimicrobial effect of plant extracts is generally due to phenolic
compounds with free hydroxyl groups, such as flavonoid compounds, which can act in several
ways: forming bonds with extracellular and soluble proteins, glutamate, and phosphate of
bacteria; altering cellular peptidoglycan; disrupting bacterial membrane permeability;
inhibiting vital enzyme pathways; binding to the active site of enzymes; forming hydrogen
bonds with enzymes; and altering enzyme metabolism [58]. However, Gram-negative bacteria
are generally more resistant to antimicrobials than Gram-positive bacteria because they have
an additional outer membrane that can protect them from antimicrobial compounds [59].
Additionally, outer membrane proteins of Gram-negative bacteria, such as porins, allow the
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passage of small molecules, which can serve as potential entry points for hydrophilic
antibiotics, so mutations or downregulation of porins can confer antimicrobial resistance [60].
Although there is no such selective barrier in Gram-positive bacteria, they use other strategies,
such as thickening their peptidoglycan cell wall to prevent antibiotics from reaching their
targets or producing enzymes that degrade antibiotics [61].

4. Conclusion

Recent interest in phenolic compounds has grown significantly due to their antioxidant
capacity and potential benefits for human health. In addition, in scientific research, particular
interest has been shown in herbal products known in traditional medicine to have beneficial
effects on microbial infections. At the end of this work, it turns out that the extract of Hammada
scoparia has a stronger antioxidant activity for the FRAP and p-Carotene bleaching method,
with the same value of ICso (0.042 + 0.002 mg/mL) against 1Cso (0.021 £ 0.001 mg/mL) for
the standard antioxidant by DPPH free radical scavenging Test. In contrast, the contents of
phenolic compounds are high, with contents of total phenols (79.50 + 3.33 ug GAE/mg), total
flavonoids (21.16 £+ 4.50 pg QE/mg), and total condensed tannins (55.00 £ 7.66 ug CE/mg). In
addition, the organic extracts show moderate efficacy against gram-positive bacteria, especially
the butanol extract, which shows a zone of inhibition of 13 mm against Staphylococcus
coagulase-negative. Thus, the results of this study provide informative data on the traditional
use of Hammada scoparia as an antiseptic and could serve as natural antioxidants.

Author Contributions

Methodology, S.T. and M.T.; software, M.A. and A.Z.; validation, S.T. and M.T.; formal
analysis, M.A.; investigation, M.A., F.F., A.C., and N.C.; resources, M.A., F.F., A.C., and
N.C.; writing—original draft preparation, M.A., F.F., A.C., N.C., and A.Z.; writing—review
and editing, M.A.,, S.T., M.T., and A.Z.; visualization, M.A.; supervision, S.T. and M.T. All
authors have read and agreed to the published version of the manuscript.

Institutional Review Board Statement
Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Data supporting the findings of this study are available upon reasonable request from the
corresponding author.

Funding

This research received no external funding.
Acknowledgments

Declared none.

https://nanobioletters.com/ 11 0of 15


https://doi.org/10.33263/LIANBS144.205
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS144.205

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Afrokh, M.; Tahrouch, S.; EImehrach, K.; Fahmi, F.; Bihi, M.A.; Weber-Ravn, H.; Hatimi, A.; Tabyaoui,
M. Ethnobotanical, phytochemical and antioxidant study of fifty aromatic and medicinal plants. Chem. Data
Collect. 2023, 43, 100984, https://doi.org/10.1016/j.cdc.2022.100984.

Laib, I.; Djahra, A.B. Phytochemical investigation of Helianthemum lippii I. aerial Dum.Cours part and
evaluation for its antioxidant activities. Int. J. Second. Metab. 2022, 9, 229-237,
https://doi.org/10.21448/ijsm.999518.

Harhar, H.; Afrokh, M.; Boumhara, K.; Chatoui, K.; Tahrouch, S.; Hatimi, A.; Tabyaoui, M. Phytochemical
screening and in vitro antioxidant activities of Mentha suaveolens Ehrh. extract. Int. J. Second. Metab. 2023,
10, 332-344, https://doi.org/10.21448/ijsm.1148664.

Tair, K.; Kharoubi, O.; Tair, O.A.; Hellal, N.; Benyettou, I.; Aoues, A. Aluminium-induced acute
neurotoxicity in rats: Treatment with aqueous extract of Arthrophytum (Hammada scoparia). J. Acute Dis.
2016, 5, 470-482, https://doi.org/10.1016/j.joad.2016.08.028.

Boulanouar, B.; Abdelaziz, G.; Aazza, S.; Gago, C.; Miguel, M.G. Antioxidant activities of eight Algerian
plant  extracts and two  essential oils. Ind. Crops Prod. 2013, 46, 85-96,
https://doi.org/10.1016/j.indcrop.2013.01.020.

Kharchoufa, L.; Bouhrim, M.; Bencheikh, N.; El Assri, S.; Amirou, A.; Yamani, A.; Choukri, M.; Mekhfi,
H.; Elachouri, M. Acute and Subacute Toxicity Studies of the Aqueous Extract from Haloxylon scoparium
Pomel (Hammada scoparia (Pomel)) by Oral Administration in Rodents. BioMed Res. Int. 2020, 2020,
4020647, https://doi.org/10.1155/2020/4020647.

Najjaa, H.; Arfa, A.B.; Mathé, A.; Neffati, M. Aromatic and Medicinal Plants of Tunisian Arid and Desert
Zone Used in Traditional Medicine, for Drug Discovery and Biotechnological Applications. In Medicinal
and Aromatic Plants of the World - Africa Volume 3; Neffati, M., Najjaa, H., Mathé, A., Eds.; Springer:
Dordrecht, 2017; VVolume 3, pp. 157-230, https://doi.org/10.1007/978-94-024-1120-1 8.

Boucherita, H. Ethnobotanical study of Hammada scoparia (Pomel) Iljin in the region of Nadma (south-
western Algeria). Arab. J. Med. Aromat. Plants 2018, 4, 66-75,
https://doi.org/10.48347/IMIST.PRSM/ajmap-v4i2.13915.

Benine, C.; Djahra, A.B.; Ammar Touhami, L.; Rebiai, A. A systematic review on Hammada scoparia
medicinal plant: Phytochemicals, traditional uses and biological activities Int. J. Second. Metab. 2023, 10,
137-146, https://doi.org/10.21448/ijsm.1132549.

Chaima, B.; Boutlelis, D.A.; Touhami, L.A.; Hajer, T.; Ali, T.; Abdelkarim, B.A.; Hanen, N. In vitro
antioxidant, anti-inflammatory, and photoprotective activities of aqueous extract of the endemic plant
Hammada scoparia L. from Algeria. Karbala Int. J. Mod. Sci. 2023, 9, 17, https://doi.org/10.33640/2405-
609X.3310.

Lachkar, N.; Lamchouri, F.; Bouabid, K.; Boulfia, M.; Senhaji, S.; Stitou, M.; Toufik, H. Mineral
Composition, Phenolic Content, and In Vitro Antidiabetic and Antioxidant Properties of Aqueous and
Organic Extracts of Haloxylon scoparium Aerial Parts. Evid. -Based Complementary Altern. Med. 2021,
2021, 9011168, https://doi.org/10.1155/2021/9011168.

Taleb, A.; Ahmad, K.A.; Ihsan, A.U.; Qu, J.; Lin, N.; Hezam, K.; Koju, N.; Hui, L.; Qilong, D. Antioxidant
effects and mechanism of silymarin in oxidative stress induced cardiovascular diseases. Biomed.
Pharmacother. 2018, 102, 689-698, https://doi.org/10.1016/j.biopha.2018.03.140.

Lachkar, N.; Lamchouri, F.; Bouabid, K.; Senhaji, S.; Boulfia, M.; Akabli, T.; Zalaghi, A.; Toufik, H. In
vitro study of the antimitotic power and in vivo acute toxicity of aqueous and organic extracts of the aerial
part of Haloxylon scoparium Pomel. and evaluation of the correlation between the chemical profile and their
biological activities. Plant Sci. Today 2023, 10, 242-251, https://doi.org/10.14719/pst.2001.

Bouzekri, O.; EI Gamouz, S.; Ed-Dra, A.; Moussout, H.; Dehmani, Y.; Ziyat, H.; El Idrissi, M.; Choukrad,
M.; Abouarnadasse, S. Green Synthesis of Nickel and Copper Nanoparticles Doped with Silver from
Hammada scoparia Leaf Extract and Evaluation of Their Potential to Inhibit Microorganisms and to
Remove Dyes from Aqueous Solutions. Sustainability 2023, 15, 1541, https://doi.org/10.3390/su15021541.

https://nanobioletters.com/ 12 of 15


https://doi.org/10.33263/LIANBS144.205
https://nanobioletters.com/
https://doi.org/10.1016/j.cdc.2022.100984
https://doi.org/10.21448/ijsm.999518
https://doi.org/10.21448/ijsm.1148664
https://doi.org/10.1016/j.joad.2016.08.028
https://doi.org/10.1016/j.indcrop.2013.01.020
https://doi.org/10.1155/2020/4020647
https://doi.org/10.1007/978-94-024-1120-1_8
https://doi.org/10.48347/IMIST.PRSM/ajmap-v4i2.13915
https://doi.org/10.21448/ijsm.1132549
https://doi.org/10.33640/2405-609X.3310
https://doi.org/10.33640/2405-609X.3310
https://doi.org/10.1155/2021/9011168
https://doi.org/10.1016/j.biopha.2018.03.140
https://doi.org/10.14719/pst.2001
https://doi.org/10.3390/su15021541

https://doi.org/10.33263/LIANBS144.205

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Afrokh, M.; Echihi, S.; Tabyaoui, M.; Tahrouch, S.; Hormatallah, A.; Hatimi, A.; Harhar, H.; El Faydy, M.;
Zarrouk, A. The Valorization of the Hammada Scoparia Extract as an Eco-friendly Corrosion Inhibitor for
Carbon Steel Corrosion in 1 M HCL. Anal. Bioanal. Electrochem 2019, 11, 1482-1499.

Singleton, V.L.; Orthofer, R.; Lamuela-Ravent6s, R.M. [14] Analysis of total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu reagent. In Methods in Enzymology; Academic Press,
1999; Volume 299, pp. 152-178, https://doi.org/10.1016/S0076-6879(99)99017-1.

Quettier-Deleu, C.; Gressier, B.; Vasseur, J.; Dine, T.; Brunet, C.; Luyckx, M.; Cazin, M.; Cazin, J.-C.;
Bailleul, F.; Trotin, F. Phenolic compounds and antioxidant activities of buckwheat (Fagopyrum esculentum
Moench) hulls and flour. J. Ethnopharmacol. 2000, 72, 35-42, https://doi.org/10.1016/S0378-
8741(00)00196-3.

Sun, B.; Ricardo-da-Silva, J.M.; Spranger, I. Critical Factors of Vanillin Assay for Catechins and
Proanthocyanidins. J. Agric. Food Chem. 1998, 46, 4267-4274, https://doi.org/10.1021/jf980366;j.

Loo, A.Y.; Jain, K.; Darah, I. Antioxidant activity of compounds isolated from the pyroligneous acid,
Rhizophora apiculata. Food Chem. 2008, 107, 1151-1160, https://doi.org/10.1016/j.foodchem.2007.09.044.
Molyneux, P. The use of the stable free radical diphenylpicrylhydrazyl (DPPH) for estimating antioxidant
activity. Songklanakarin J. Sci. Technol. 2004, 26, 211-219.

Oyaizu, M. Studies on Products of Browning Reactions: Antioxidative Activities of Product of Browning
Reaction  Prepared  from  Glucosamine.  Japanese J.  Nutr. 1986, 44, 307-315,
https://doi.org/10.5264/eiyogakuzashi.44.307.

Mauller, L.; Fréhlich, K.; Bohm, V. Comparative antioxidant activities of carotenoids measured by ferric
reducing antioxidant power (FRAP), ABTS bleaching assay (¢TEAC), DPPH assay and peroxyl radical
scavenging assay. Food Chem. 2011, 129, 139-148, https://doi.org/10.1016/j.foodchem.2011.04.045.
Bougatef, A.; Hajji, M.; Balti, R.; Lassoued, I.; Triki-Ellouz, Y.; Nasri, M. Antioxidant and free radical-
scavenging activities of smooth hound (Mustelus mustelus) muscle protein hydrolysates obtained by
gastrointestinal proteases. Food Chem. 2009, 114, 1198-1205,
https://doi.org/10.1016/j.foodchem.2008.10.075.

Humphries, R.; Bobenchik April, M.; Hindler Janet, A.; Schuetz Audrey, N. Overview of Changes to the
Clinical and Laboratory Standards Institute Performance Standards for Antimicrobial Susceptibility Testing,
M100, 31st Edition. J. Clin. Microbiol. 2021, 59, 10-1128, https://doi.org/10.1128/jcm.00213-21.

Bose, D.; Zambelli R.A. Antimicrobial Activity of Essential Oil and Nanoemulsified Essential Oil: Minimal
Inhibitory Concentration, Minimal Bacterial Concentration, Disk, and Well Diffusion Methods, in: Essent.
Oil Extr. from Food By-Products, Springer, 2025, 289-302.

Peterson, L.R.; Shanholtzer, C.J. Tests for bactericidal effects of antimicrobial agents: technical performance
and clinical relevance. Clin. Microbiol. Rev. 1992, 5, 420-432.

Peng, B.; Zhang, S.-Y.; Chan, K.I.; Zhong, Z.-F.; Wang, Y.-T. Novel Anti-Cancer Products Targeting
AMPK: Natural Herbal Medicine against Breast Cancer. Molecules 2023, 28, 740,
https://doi.org/10.3390/molecules28020740.

Jia, W.; Zhou, L.; Li, L.; Zhou, P.; Shen, Z. Nano-Based Drug Delivery of Polyphenolic Compounds for
Cancer Treatment: Progress, Opportunities, and Challenges. Pharmaceuticals 2023, 16, 101,
https://doi.org/10.3390/ph16010101.

Almeida, T.C.; Seibert, J.B.; Amparo, T.R.; de Souza, G.H.B.; da Silva, G.N.; Dos Santos, O.D.H.
Modulation of Long Non-coding RNAs by Different Classes of Secondary Metabolites from Plants: A Mini-
review on  Antitumor  Effects. Mini-Rev. Med.  Chem. 2022, 22, 1232-1255,
https://doi.org/10.2174/1389557521666211101161548.

Bitchagno, G.T.M.; Nchiozem-Ngnitedem, V.-A.; Melchert, D.; Fobofou, S.A. Demystifying racemic
natural products in the homochiral world. Nat. Rev. Chem. 2022, 6, 806-822, https://doi.org/10.1038/s41570-
022-00431-4.

Bourogaa, E.; Nciri, R.; Mezghani-Jarraya, R.; Racaud-Sultan, C.; Damak, M.; El Feki, A. Antioxidant
activity and hepatoprotective potential of Hammada scoparia against ethanol-induced liver injury in rats. J.
Physiol. Biochem. 2013, 69, 227-237, https://doi.org/10.1007/s13105-012-0206-7.

Ben Salah, H.; Jarraya, R.; Martin, M.-T.; Veitch, N.C.; Grayer, R.J.; Simmonds, M.S.J.; Damak, M.
Flavonol Triglycosides from the Leaves of Hammada scoparia (POMEL) ILJIN. Chem. Pharm. Bull. 2002,
50, 1268-1270, https://doi.org/10.1248/cpb.50.1268.

https://nanobioletters.com/ 13 0f 15


https://doi.org/10.33263/LIANBS144.205
https://nanobioletters.com/
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0378-8741(00)00196-3
https://doi.org/10.1016/S0378-8741(00)00196-3
https://doi.org/10.1021/jf980366j
https://doi.org/10.1016/j.foodchem.2007.09.044
https://doi.org/10.5264/eiyogakuzashi.44.307
https://doi.org/10.1016/j.foodchem.2011.04.045
https://doi.org/10.1016/j.foodchem.2008.10.075
https://doi.org/10.1128/jcm.00213-21
https://doi.org/10.3390/molecules28020740
https://doi.org/10.3390/ph16010101
https://doi.org/10.2174/1389557521666211101161548
https://doi.org/10.1038/s41570-022-00431-4
https://doi.org/10.1038/s41570-022-00431-4
https://doi.org/10.1007/s13105-012-0206-7
https://doi.org/10.1248/cpb.50.1268

https://doi.org/10.33263/LIANBS144.205

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

Qiu, S.; Sun, G.; Zhang, Y.; Li, X.; Wang, R. Involvement of the NF-xB signaling pathway in the
renoprotective effects of isorhamnetin in a type 2 diabetic rat model. Biomed Rep. 2016, 4, 628-634,
https://doi.org/10.3892/br.2016.636.

Riaz, M.; Shahid, M.; Jamil, A.; Saqgib, M. In vitro antioxidant potential of selected aphrodisiac medicinal
plants. J. Biol. Regul. Homeost. Agents 2017, 31, 419-424.

Kauser, A.; Shah, S.M.A.; Igbal, N.; Anjum Murtaza, M.; Hussain, I.; Irshad, A.; Nasir, S.; Akram, M.;
Munir, N.; Riaz, M. In vitro antioxidant and cytotoxic potential of methanolic extracts of selected indigenous
medicinal plants. Progr. Nutr. 2018, 20, 706-712, https://doi.org/10.23751/pn.v20i4.7523.

Truong, V.-L.; Jeong, W.-S. Cellular Defensive Mechanisms of Tea Polyphenols: Structure-Activity
Relationship. Int. J. Mol. Sci. 2021, 22, 9109, https://doi.org/10.3390/ijms22179109.

Islam, B.u.; Suhail, M.; Khan, M.K.; Zughaibi, T.A.; Alserihi, R.F.; Zaidi, S.K.; Tabrez, S. Polyphenols as
anticancer agents: Toxicological concern to healthy cells. Phytother. Res. 2021, 35, 6063-6079,
https://doi.org/10.1002/ptr.7216.

Wolfe, K.L.; Liu, R.H. Structure—Activity Relationships of Flavonoids in the Cellular Antioxidant Activity
Assay. J. Agric. Food Chem. 2008, 56, 8404-8411, https://doi.org/10.1021/jf8013074.

Benkherara, S.; Bordjiba, O. PHYTOCHEMICAL STUDY AND IN VITRO ANTIOXIDANT
ACTIVITIES OF HAMMADA SCOPARIA EXTRACTS FROM SOUTHEASTERN ALGERIA. Asian J.
Pharm. Clin. Res. 2018, 11, 187-192, https://doi.org/10.22159/ajpcr.2018.v11i10.27067.

Bouaziz, A.; Mhalla, D.; Zouari, |.; Jlaiel, L.; Tounsi, S.; Jarraya, R.; Trigui, M. Antibacterial and antioxidant
activities of Hammada scoparia extracts and its major purified alkaloids. S. Afr. J. Bot. 2016, 105, 89-96,
https://doi.org/10.1016/j.sajb.2016.03.012.

Alghazeer, R.; El-Saltani, H.; Saleh, N.; Al-Najjar, A.; Hebail, F. Antioxidant and antimicrobial properties
of five medicinal Libyan plants extracts. Nat. Sci. 2012, 4, 324-335, https://doi.org/10.4236/ns.2012.45045.
Tahar, S.B.; Hadj-Mahammed, M.; Yousfi, M. Etude de I'activité antioxydante des extraits phénoliques de
I'Atriplex halimus L et de I'haloxylon scoparium pomel du Sahara septentrional. Hawliyat al- ‘Ulam wa-al-
Tiknalajiya 2015, 281, 1-10, https://doi.org/10.12816/0040260.

Zeng, Y.; Zhou, W.; Yu, J.; Zhao, L.; Wang, K.; Hu, Z.; Liu, X. By-Products of Fruit and Vegetables:
Antioxidant Properties of Extractable and Non-Extractable Phenolic Compounds. Antioxidants 2023, 12,
418, https://doi.org/10.3390/antiox12020418.

Maisuthisakul, P.; Suttajit, M.; Pongsawatmanit, R. Assessment of phenolic content and free radical-
scavenging capacity of some Thai indigenous plants. Food Chem. 2007, 100, 1409-1418,
https://doi.org/10.1016/j.foodchem.2005.11.032.

Bakchiche, B.; Guenane, H.; Rezzoug, M.; Gherib, A. DPPH Free Radical Scavenging Activity of Ethanolic
Extracts of Twenty two Medicinal Species From South Algeria (Laghouat Region). Med. Anal. Chem. Int.
J. 2017, 1, 000105, https://doi.org/10.23880/MACIJ-16000105.

Zhang, D.; Chu, L.; Liu, Y.; Wang, A.; Ji, B.; Wu, W.; Zhou, F.; Wei, Y.; Cheng, Q.; Cai, S.; Xie, L.; Jia,
G. Analysis of the Antioxidant Capacities of Flavonoids under Different Spectrophotometric Assays Using
Cyclic Voltammetry and Density Functional Theory. J. Agric. Food Chem. 2011, 59, 10277-10285,
https://doi.org/10.1021/jf201773q.

Teow, C.C.; Truong, V.-D.; McFeeters, R.F.; Thompson, R.L.; Pecota, K.V.; Yencho, G.C. Antioxidant
activities, phenolic and B-carotene contents of sweet potato genotypes with varying flesh colours. Food
Chem. 2007, 103, 829-838, https://doi.org/10.1016/j.foodchem.2006.09.033.

Bibi Sadeer, N.; Montesano, D.; Albrizio, S.; Zengin, G.; Mahomoodally, M.F. The Versatility of
Antioxidant Assays in Food Science and Safety—Chemistry, Applications, Strengths, and Limitations.
Antioxidants 2020, 9, 709, https://doi.org/10.3390/antiox9080709.

Schaich, K.M.; Tian, X.; Xie, J. Hurdles and pitfalls in measuring antioxidant efficacy: A critical evaluation
of ABTS, DPPH, and ORAC assays. J. Funct. Foods 2015, 14, 111-125,
https://doi.org/10.1016/j.jff.2015.01.043.

Benzie, I.F.F.; Devaki, M. The ferric reducing/antioxidant power (FRAP) assay for non-enzymatic
antioxidant capacity: concepts, procedures, limitations and applications. In Measurement of Antioxidant
Activity & Capacity; Apak, R., Capanoglu, E., Shahidi, F., Eds.; 2018; pp. 77-106,
https://doi.org/10.1002/9781119135388.ch5.

Grosso, C.; Valentdo, P.; Ferreres, F.; Andrade, P.B. Alternative and Efficient Extraction Methods for
Marine-Derived Compounds. Mar. Drugs 2015, 13, 3182-3230, https://doi.org/10.3390/md13053182.

https://nanobioletters.com/ 14 of 15


https://doi.org/10.33263/LIANBS144.205
https://nanobioletters.com/
https://doi.org/10.3892/br.2016.636
https://doi.org/10.23751/pn.v20i4.7523
https://doi.org/10.3390/ijms22179109
https://doi.org/10.1002/ptr.7216
https://doi.org/10.1021/jf8013074
https://doi.org/10.22159/ajpcr.2018.v11i10.27067
https://doi.org/10.1016/j.sajb.2016.03.012
https://doi.org/10.4236/ns.2012.45045
https://doi.org/10.12816/0040260
https://doi.org/10.3390/antiox12020418
https://doi.org/10.1016/j.foodchem.2005.11.032
https://doi.org/10.23880/MACIJ-16000105
https://doi.org/10.1021/jf201773q
https://doi.org/10.1016/j.foodchem.2006.09.033
https://doi.org/10.3390/antiox9080709
https://doi.org/10.1016/j.jff.2015.01.043
https://doi.org/10.1002/9781119135388.ch5
https://doi.org/10.3390/md13053182

https://doi.org/10.33263/LIANBS144.205

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Benchikh, F.; Amira, S.; Benabdallah, H. The Evaluation of Antioxidant Capacity of Different Fractions of
Myrtus communis L. Leaves. Annu. Res. Rev. Biol. 2018, 22, 1-14,
https://doi.org/10.9734/ARRB/2018/39217.

Lamchouri, F.; Benali, T.; Bennani, B.; Toufik, H.; Hassani, L.I.M.; Bouachrine, B.; Lyoussi, B. Preliminary
phytochemical and antimicrobial investigations of extracts of Haloxylon scoparium. J. Mater. Environ. Sci.
2012, 3, 754-759.

Awaad, A.S.; Zain, M.E.; Al Othman, M.R.; Al-Dosary, S.K. Phytochemical analysis and antimicrobial
activity of medicinal plants against pathogenic microorganisms. Life Sci. J. 2014, 11, 350-354.

Sukele, R.; Barzdina, A.; Koka, R.; Skadins, I.; Lauberte, L.; Brangule, A.; Kovalcuka, L.; Bandere, D.
Antibacterial Activity of Tanacetum vulgare L. Extracts against Clinical Isolates of Bovine Mastitis. Appl.
Sci. 2023, 13, 3369, https://doi.org/10.3390/app13053369.

Rauha, J.-P.; Remes, S.; Heinonen, M.; Hopia, A.; Kéhkonen, M.; Kujala, T.; Pihlaja, K.; Vuorela, H.;
Vuorela, P. Antimicrobial effects of Finnish plant extracts containing flavonoids and other phenolic
compounds. Int. J. Food Microbiol. 2000, 56, 3-12, https://doi.org/10.1016/S0168-1605(00)00218-X.
Morena, A.G.; Bassegoda, A.; Natan, M.; Jacobi, G.; Banin, E.; Tzanov, T. Antibacterial Properties and
Mechanisms of Action of Sonoenzymatically Synthesized Lignin-Based Nanoparticles. ACS Appl. Mater.
Interfaces 2022, 14, 37270-37279, https://doi.org/10.1021/acsami.2c05443.

Ahmad Nejhad, A.; Alizadeh Behbahani, B.; Hojjati, M.; Vasiee, A.; Mehrnia, M.A. ldentification of
phytochemical, antioxidant, anticancer and antimicrobial potential of Calotropis procera leaf aqueous
extract. Sci. Rep. 2023, 13, 14716, https://doi.org/10.1038/s41598-023-42086-1.

Pereira, G.A.; Chaves, D.S.; Silva, T.M.; Motta, R.E.; Silva, A.B.; Patricio, T.C.; Fernandes, A.J.; Coelho,
S.D.; Ozarowski, M.; Cid, Y.P.; Karpinski, T.M. Antimicrobial Activity of Psidium guajava Aqueous
Extract against Sensitive and Resistant Bacterial Strains. Microorganisms 2023, 11, 1784,
https://doi.org/10.3390/microorganisms11071784.

Jubeh, B.; Breijyeh, Z.; Karaman, R. Resistance of Gram-Positive Bacteria to Current Antibacterial Agents
and Overcoming Approaches. Molecules 2020, 25, 2888, https://doi.org/10.3390/molecules25122888.
Chis, A.A.; Rus, L.L.; Morgovan, C.; Arseniu, A.M.; Frum, A.; Vonica-Tincu, A.L.; Gligor, F.G.; Muresan,
M.L.; Dobrea, C.M. Microbial Resistance to Antibiotics and Effective Antibiotherapy. Biomedicines 2022,
10, 1121, https://doi.org/10.3390/biomedicines10051121.

Publisher’s Note & Disclaimer

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or
the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the
publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the
use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any
liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods,
instructions, or products mentioned in the content. Readers are encouraged to independently verify any
information before relying on it, and the publisher assumes no responsibility for any consequences arising from
the use of materials contained in this publication.

https://nanobioletters.com/ 15 of 15


https://doi.org/10.33263/LIANBS144.205
https://nanobioletters.com/
https://doi.org/10.9734/ARRB/2018/39217
https://doi.org/10.3390/app13053369
https://doi.org/10.1016/S0168-1605(00)00218-X
https://doi.org/10.1021/acsami.2c05443
https://doi.org/10.1038/s41598-023-42086-1
https://doi.org/10.3390/microorganisms11071784
https://doi.org/10.3390/molecules25122888
https://doi.org/10.3390/biomedicines10051121

