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Abstract: Anthyllis henoniana stems were harvested in two seasons: winter and spring (February
and May 2021). In this study, we investigated the antioxidant (DPPH, ABTS, FRAP and TAC)
and antimicrobial activities, total phenolic contents and total flavonoid contents of the obtained
extracts (hexane, ethyl acetate and methanol). The results showed that ethyl acetate extract from
stems harvested in winter exhibited the highest antioxidant activity, while ethyl acetate extract from
the stems harvested in spring showed the most potent antibacterial and antifungal activities. To
explain these differences, we investigated the phytochemical composition of these two extracts using
liquid chromatography coupled with mass spectrometry. Therefore, 45 compounds were detected,
from which we identified 20 compounds (flavonoids, triterpenoids, chalcones and phenolic acids);
some were specific to the harvest month while others were common for both periods. Some of the
major compounds detected in ethyl acetate (spring) were dihydrochalcone (Kanzonol Y, 8.2%) and
flavanone (sophoraflavanone G, 5.9%), previously recognized for their antimicrobial effects. We
therefore concluded that the difference in activities observed for the two harvest periods depends on
the chemical composition of the extracts and the relative abundance of each compound.

Keywords: Anthyllis henoniana; LC-HESI-MSn; ethyl acetate extracts; antioxidant and
antimicrobial activities

1. Introduction

Plant metabolites, primarily phenolic compounds, are a valuable resource for humans.
The antioxidant activity responsible for neutralizing free radicals, which are harmful to
living organisms, is considered as the main property provided by phenolic compounds [1].

These compounds are the most abundant secondary metabolites of plants [2], and they
include different families widely distributed in nature and found in most foods of vegetable
origin. Their chemical variability includes several compounds from simple phenolic acids
to complex structures such as flavonoids. These components are known to be potent due to
the presence of an aromatic ring and a hydroxyl group in their structure. This antioxidant
effect consequently reduces the risk of diseases [2], and some antioxidants are regarded as
antimicrobial [3]. These substances contribute to protecting plants from oxidative damage
and can be used as antioxidants by humans [2].
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The genus Anthyllis includes twenty species growing in Europe, Africa and the Mediter-
ranean Basin. The species Anthyllis henoniana was described as a perennial, silky, hairy
shrub species 30 to 60 cm tall belonging to the Fabaceae family and comes to its vege-
tative activity after the first autumn rains. Its blooming phase begins in late winter [4].
Southern Tunisia has an arid Mediterranean climate with a long-term annual rainfall of 80
mm concentrated in the growing season between September and April and a dry season
lasting about 4 months from May to August [5]. It was previously reported that the content
of secondary plant metabolites is not stable and depends on the growth stage, the part
of the plant and the characteristics of the environment. A research study on mistletoe
extracts showed that the chemical profile and biological activity of the plant material are
related to the climatic conditions [6]. Based on these pieces of information, we tried to
provide a phytochemical screening of hexane, ethyl acetate and methanol stem extracts
from A. henoniana harvested in winter (February 2021) and spring (May 2021) to provide a
better understanding of how the harvest season affects the chemical composition as well as
the biological activities of plants.

A previous study carried out on Anthyllis henoniana flowers showed its strong an-
tioxidant and antidiabetic activities. It proved that its methanol and ethyl acetate extracts
contained the highest amounts of total phenolic content and thus presented the strongest
radical scavenging activities and total antioxidant capacities [7].

The current work addresses the evaluation of total phenolic and flavonoid contents and
the in vitro antioxidant and antimicrobial activities of A. henoniana stem extracts harvested
in winter and spring. Moreover, based on the obtained results, the chemical composition of
both ethyl acetate extracts from the stems harvested in winter and spring was compared
using LC-MS/MS analysis. In addition to the antidiabetic and antioxidant activities of
A. henoniana flowers, there are no specific scientific reports nor specific references dealing
with their antifungal activity and the identification of their extracts’ composition using
chromatographic techniques.

2. Results and Discussions
2.1. Total Phenolic and Flavonoid Contents of Various Anthyllis Henoniana Stem Extracts

The total phenolic contents (TPC) and total flavonoid contents (TFC) of A. henoniana
extracts obtained in winter and spring are determined in Table 1.

Table 1. TPC and TFC of A. henoniana stem extracts harvested in winter and spring.

Harvest Season Extracts TPC (mg GAE/g E) TFC (mg QE/g E)

Winter
Hexane 202.96 ± 0.70 c 177.22 ± 0.44 c

Ethyl acetate 668.36 ± 0.67 a 529.61 ± 0.92 a

Methanol 568.58 ± 0.53 b 402.73 ± 0.68 b

Spring
Hexane 198.33 ± 0.71 c 103.25 ± 0.44 c

Ethyl acetate 567.96 ± 0.82 b 435.09 ± 0.68 b

Methanol 751.77 ± 0.67 a 514.20 ± 0.92 a

TPC: total phenolic contents; TFC: total flavonoid contents; GAE: gallic acid equivalent; QE: quercetin equivalent;
E: dried extract. Values expressed are means ± S.D. (n = 3). The differences were analyzed using Duncan and
Tukey’s post hoc tests for multiple comparisons with p < 0.05: a: strong significance; b: modest significance;
c: low significance.

Table 1 shows a difference in the phenolic and flavonoid contents of stems collected in
winter and spring.

Total phenolic contents (TPC): The results obtained for the stems collected in win-
ter showed that ethyl acetate extract presented the highest significant value (668.36 mg
GAE/g E), followed by methanol and hexane extracts, respectively (568.58 and 202.9 mg
GAE/g E). On the other hand, the stems collected in spring presented the highest significant
content of total phenols with methanol extract (751.78 mg of GAE/g E), followed by ethyl
acetate and hexane extracts with values of 567.96 and 198.33 mg GAE/g E, respectively.
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Total flavonoid contents (TFC): The results obtained for this parameter followed the
same curve as those of TPC. The highest flavonoids concentration was found with ethyl
acetate extract when the stems were collected in winter, while methanol extract had the
highest significant concentration when the stems were collected in spring.

2.2. Evaluation of the Antioxidant Activity of Stem Extracts

Generally, there is no specific method to evaluate and quantify the efficacy of an
antioxidant, as there are various reaction mechanisms involved in the process of oxidative
stress. Therefore, it is recommended to use several methods to evaluate the efficiency of an
antioxidant [8].

In this study, four complementary methods were used to evaluate the antioxidant
activity of A. henoniana stem extracts harvested in two periods. Vitamin C was chosen as
a reference.

2.2.1. Free Radical Scavenging 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

The radical scavenging activity of the six extracts and the standard increased with
concentration in a dose-dependent manner. It is noteworthy that the comparison of the
necessary amount of each extract to inhibit 50% of free DPPH. radicals showed that they all
exhibited IC50 values close to vitamin C. (0.03 mg·mL−1).

For the stems harvested in spring, the methanol extract presented the highest DPPH.

scavenging activity (0.04 mg·mL−1) followed by ethyl acetate extract (0.05 mg·mL−1).
Opposing that, the stems harvested in winter showed that the ethyl acetate extract exhibited
the strongest scavenging activity compared to the methanol one. Hexane extracts of both
harvesting periods did not reach 50% of DPPH. radical inhibition, indicating their weak
antioxidant activity. The AAI values (Table 2) ranging from 1 to 1.3 confirm the strong
antioxidant activity and validate the obtained results.

Table 2. IC50 and AAI values of A. henoniana stem extracts and vitamin C.

Harvest Season Extracts IC50 (mg·mL−1) AAI

Winter
Hexane - -

Ethyl acetate 0.038 ± 0.002 a 1.01
Methanol 0.040 ± 0.001 b 1.0

Spring
Hexane - -

Ethyl acetate 0.050 ± 0.004 b 0.8
Methanol 0.040 ± 0.002 a 1.0

Standard Vitamin C 0.030 ± 0.001 1.3
AAI: antioxidant activity index; -: does not reach 50% of inhibition. Values expressed are means ± S.D (n = 3).
The differences were analyzed using Duncan and Tukey’s post hoc tests for multiple comparisons with p < 0.05:
a: strong significance; b: modest significance.

These results can be explained by the presence of phenolic compounds, such as
flavonoids in polar extracts that can donate their mobile hydrogen of the hydroxyl group to
stabilize the free radicals [9]. Hence, the radical scavenging activity of both methanol and
ethyl acetate extracts can be attributed to the presence of phenolic compounds. Structural
features of flavonoids can also present an important factor. It was confirmed in previous
studies that the 2,3-double bond in conjugation with 4-oxo and 3-hydroxyl groups, as well
as the 3′-C hydroxyl group, are considered as the main cause behind the stabilization of
phenoxyl radicals by electron delocalization across the aromatic ring [10].

2.2.2. Radical Scavenging Activity on 2,2′-Azinobis (3-ethylbenzothiazoline)-6-sulfonic
Acid (ABTS)

An ABTS test was used as a second test in order to validate the results obtained with
DPPH. This test is based on the trapping capacity of the proton of the cationic radical
ABTS+. As shown in Table 3, it is noteworthy that both harvest seasons gave IC50 values
close to that of the standard TROLOX. As observed with DPPH, the radical scavenging
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activity of ethyl acetate and methanol in both harvest seasons was the strongest, as they
presented the lowest IC50 values. Due to their low ability to extract phenolic compounds,
hexane extracts did not inhibit 50% of free radicals with this method.

Table 3. IC50 values of A. henoniana stem extracts and TROLOX.

Harvest Season Extracts IC50 (mg·mL−1)

Winter
Hexane -

Ethyl acetate 0.049 ± 0.001 a

Methanol 0.053 ± 0.003 b

Spring
Hexane -

Ethyl acetate 0.059 ± 0.004 b

Methanol 0.051 ± 0.002 a

Standard TROLOX 0.047 ± 0.001
-: does not reach 50% of inhibition. Values expressed are means ± S.D (n = 3). The differences were ana-
lyzed using Duncan and Tukey’s post hoc tests for multiple comparisons with p < 0.05: a: strong significance;
b: modest significance.

2.2.3. Ferric Reducing Antioxidant Power (FRAP)

This assay is used to evaluate the ability of an antioxidant to reduce a colorless
complex (Fe3+/tripyridyltriazine) to a blue complex (Fe2+/tripyridyltriazine) by donat-
ing an electron. Therefore, the reducing power of all extracts and vitamin C (standard)
was determined.

For the stems collected in winter, we noticed that at the highest concentration
(1 mg·mL−1), ethyl acetate extract displayed the strongest reducing power (2.0) com-
pared to methanol extract (1.5). As expected from apolar extracts, hexane exhibited the
lowest absorbance values.

Unlike the stems collected in spring, Figure 1 shows that at the highest concentration
(1 mg·mL−1), methanol extract reduced ferric ions Fe3+ to ferrous ions Fe2+ more effectively
with an absorbance value (2.0) close to the vitamin C one (2.5), followed by ethyl acetate
extract (1.45).
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Figure 1. Ferric reducing antioxidant power (FRAP) assays of A. henoniana stem extracts and vitamin
C. Hex: hexane; EtOAc: ethyl acetate; MeOH: methanol. The differences were analyzed using Duncan
and Tukey’s post hoc tests for multiple comparisons with p < 0.05: a: strong significance; b: high
significance; c: modest significance.
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2.2.4. Total Antioxidant Activity (TAC)

This assay is based on the reduction of Mo6+ to Mo5+ by the tested extracts and the
formation of green phosphate/Mo5+ complex with a maximum absorption at 695 nm.
These results (Figure 2) revealed that in the extracts obtained from stems collected in winter,
the ethyl acetate extract gave the highest value (511.72 mg GAE/g E), followed by vitamin
C (430.25 mg GAE/g E), methanol (422.69 mg GAE/g E) and hexane (218.36 mg GAE/g E)
extracts, respectively. As for the extracts obtained from stems collected in spring, the
methanol extract once again displayed the sharpest value (656.94 mg GAE/g E), followed
by ethyl acetate (545.37 mg GAE/g E), vitamin C (430.25 mg GAE/g E) and hexane
(168.38 mg GAE/g E), respectively.
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Figure 2. Total antioxidant capacity (TAC) of A. henoniana stem extracts compared to vitamin C as a
standard. EtOAc: ethyl acetate; MeOH: methanol.

These obtained results support the idea that the presence of phenolic compounds
is the main cause behind the antioxidant activity and that TAC is directly related to the
presence of secondary metabolites in each extract and depend on their nature, quantity and
structure, which act synergistically and increase this activity [11].

2.2.5. Correlations between TFC, TPC and Antioxidant Activity

In order to prove the importance of phytochemical constituents to antioxidant capacity,
we determined the correlations between the phenolic contents and antioxidant activity of
A. henoniana stem extracts.

The obtained results (Table 4) disclosed important correlations for all extracts between
the TPC and DPPH and the TFC and DPPH, with correlation coefficients R2 = 0.949 and
R2 = 0.980, respectively. Similarly, an important linear correlation was established between
the different phenolic contents of extracts and FRAP, with R2 = 0.992 for TPC and R2 = 0.986
for TFC. For TAC and the different phenolic contents, we noticed strong linear correlations
with the respective coefficients R2 = 0.967 (TAC-TPC) and R2 = 0.944 (TAC-TFC).

These statistical results indicated the presence of a significant correlation (p < 0.05)
between FRAP and TAC (R2 = 0.935). Similarly, the DPPH test showed a good correlation
with FRAP and TAC (R2 = 0.952 and R2 = 0.900, respectively).

A significant statistical correlation was also observed between the scavenging activity
of DPPH and that of the ABTS radical (R2 = 0.943). This can be explained by the similar
mechanism used in these two methods as they are both based on the scavenging activity of
free radicals.
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Table 4. Correlations among phenolic compounds and antioxidant assays *.

Variables TPC TFC DPPH FRAP TAC ABTS

TPC 1
TFC 0.981 ** 1

DPPH 0.949 ** 0.980 ** 1
FRAP 0.992 ** 0.986 ** 0.952 ** 1
TAC 0.967 ** 0.944 ** 0.900 ** 0.935 ** 1

ABTS 0.941 ** 0.950 ** 0.943 ** 0.922 ** 0.939 ** 1

**: the correlation is significant at the 0.01 level. *: Data show the Pearson correlation coefficients (R2) between the
parameters (p < 0.05). TPC: total phenolic contents; TFC: total flavonoid contents; DPPH•: antioxidant capacity
based on the DPPH• assay; ABTS•+: antioxidant capacity based on the ABTS•+ assay; FRAP: ferric reducing
power; TAC: total antioxidant capacity.

These observations show that antioxidant components present in A. henoniana extracts
contributed to increasing the antioxidant activity.

2.3. Evaluation of the Antimicrobial Activity of Stem Extracts

The in vitro antibacterial and antifungal activities of A. henoniana stem extracts, pre-
pared from the plants harvested in winter and spring (February and May 2021), were tested
qualitatively and quantitatively by the presence or absence of inhibition zones toward a
panel of microorganisms and quantitatively by the determination of the MIC and MBC for
bacterial strains and MFC for fungal strains.

The microorganisms tested in the present investigation are known as opportunists for
humans and animals and cause food contamination and deterioration.

The active extracts were then quantitatively valued by the determination of their MIC,
MBC and MFC values.

2.3.1. Inhibition Zones, MIC, MBC and MFC

Among the tested extracts, the ethyl acetate from the plant harvested in spring exhib-
ited antimicrobial activity against 70% of the tested strains. The inhibition zones were in
the range of 8–22 mm with MIC values of 0.625–10 mg·mL−1 for the Gram-positive bacteria
and 5–10 mg·mL−1 for the Gram-negative ones (Tables 5 and 6). However, A. henoniana
ethyl acetate stem extract prepared from the plant harvested in winter exhibited activity
against only 46% of the tested microorganisms with low inhibition zones and high MIC and
MBC values. The data obtained from this study demonstrated more susceptibility of the
Gram-positive bacteria than Gram-negative ones to the extract. This susceptibility spring is
due to the complexity of the double membrane-containing cell envelope in Gram-negative
bacteria compared to the single membrane structure of positive ones [12]. The antimicro-
bial activity of extracts could be due to the disruption of the permeability barrier of cell
membrane structures and the loss of chemiosmotic control [13]. This study also revealed
that A. henoniana bioactivity is dependent on the season since these extracts are collected in
February and May, corresponding to winter and spring in Tunisia, respectively.

The strong antimicrobial activity of the A. henoniana ethyl acetate stem extract from the
plant harvested in spring correlated positively with the richness of this extract in phenolic
and flavonoid compounds, reported to inhibit the multiplication of pathogens [14,15]. From
these results, A. henoniana ethyl acetate stem extract could be exploited as a natural target
against pathogens in food and medical industries. As with the antimicrobial activity, we
have evaluated the antifungal activity by means of inhibition zone diameters compared to
the positive control, Amphotericin B. Selected fungal strains, such as F. oxysporum, B. cinerea
and A. niger, are known for their mycotoxins being considered a challenge for agriculture
and food industries. The tested A. henoniana extract exhibited strong antifungal activity
with an inhibition zone in the range of 9–19 mm and MIC of 1.125 to 2.5 mg·mL−1 against
F. oxysporum and A. alternata and MFC values of 4.5 and 9 mg·mL−1. No activity was
detected against B. cinerea at the tested concentration.
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Table 5. Inhibition diameter zones in millimeters (mm) of Anthyllis henoniana stem extracts against
bacterial and fungal strains.

Microorganisms

Harvest Season IZ (mm) Winter IZ (mm) Spring IZ (mm) Control

Hexane EtOAc MeOH Hexane EtOAc MeOH Gentamicin (c)

Gram-positive

B. subtilis 7 ± 0.5 a 9 ± 0 a 11 ± 0.5 a 0 b 17 ± 0.3 a 0 b 20.5 ± 0.2 a

S. aureus 0 b 0 b 0 b 0 b 14 ± 0.5 a 12 ± 0.5 a 25.5 ± 1.1 a

S. epidermidis 11 ± 0.5 a 9 ± 0.5 a 12 ± 0.5 a 0 b 22 ± 0.6 a 14 ± 0 a 12 ± 0.2 a

E. faecalis 0 b 0 b 0 b 0 b 9 ± 0.3 a 0 b 20 ± 0.2 a

M. luteus 0 b 0 b 0 b 0 b 10 ± 0.5 a 0 b 20 ± 0.7 a

Gram-negative

E. coli 0 b 7 ± 0 a 0 b 0 b 0 b 0 b 21 ± 1.2 a

P. aeruginosa 0 b 0 b 0 b 0 b 0 b 07± 0.33 a 18 ± 0.6 a

K. pneumoniae 0 b 0 b 0 b 0 b 14 ± 0.5 a 0 b 12 ± 0.5 a

S. enteritidis 0 b 0 b 0 b 0 b 8 ± 0.3 a 0 b 18 ± 0.8 a

Fungi Amphotericin B (d)

(µg·mL−1)

B. cinerea 0 b 0 b 0 b 0 b 0 b 0 b 11.5 ± 0.5 a

F. oxysporum 14 ± 0.5 a 12 ± 0.5 a 0 b 13 ± 1.0 a 19 ± 1.0 a 10 ±0.3 a 14 ± 0.2 a

A. alternata 13 ± 0.6 a 14 ± 0.5 a 0 b 12 ± 0.3 a 13 ± 0.5 a 18 ±1.0 a 12 ± 0.6 a

A. niger 12 ± 1.0 a 9 ± 0.5 a 12 ± 0.5 a 0 b 0 b 13 ± 0.6 a 15 ± 0.5 a

Values are given as mean± S.D. of the triplicate experiment. (a) IZ: Diameter of inhibition zones including diameter
of well 6 mm. (b) 0: No antimicrobial activity. (c) The concentration of Gentamicin used was 10 µg/well. (d) The
concentration of Amphotericin B used was 20 µg/well. EtOAc: ethyl acetate; MeOH: methanol. Microorganisms:
B. subtilis: Bacillus subtilis (ATCC 6633); S. aureus: Staphylococcus aureus (ATCC 25923); S. epidermidis: Staphylococcus
epidermis (ATCC 12228); E. faecalis: Enterococcus faecalis (ATCC 29212); M. luteus: Micrococcus luteus (ATCC 1880);
E. coli: Escherichia coli (ATCC 25922); P. aeruginosa: Pseudomonas aeruginosa (ATCC 9027); K. pneumoniae: Klebsiella
pneumoniae (ATCC 10031); S. enteritidis; Salmonella enteritidis (CTM 2133). Fungal strains: A. alternata; Alternaria
alternata (CTM10230); F. oxysporum; Fusarium oxysporum (CTM10402); B. cinerea; Botrytis cinerea (LBPES15); A. niger:
Aspergillus niger (CTM 10099).

The ratio of minimum bactericidal/fungicidal concentration (MBC/MFC) to minimum
inhibitory concentration (MIC) provides information regarding the degree of bactericidal or
fungicidal action of the drugs. Antimicrobial substances are usually regarded as bactericidal
or fungicidal if the MBC/MIC or MFC/MIC ratio is less than or equal to four. If the ratio
is higher than four, the extract is bacteriostatic/fungistatic. Therefore, it is possible to
obtain drug concentrations that will kill 99.9% of the organisms exposed. Based on this
classification and the obtained experimental data in this study, it can be concluded that the
A. henoniana ethyl acetate extract (May) showed bactericidal and fungicidal effects for most
tested microorganisms [16].
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Table 6. Antimicrobial activity of the EtOAc (spring) against foodborne, spoiling bacteria and
determination of its minimum inhibitory concentrations (MIC) and minimum bactericidal/fungicidal
concentrations (MBC or MFC) expressed in mg·mL−1.

Microbial Strains
A. henoniana EtOAc Extract (mg·mL−1) Gentamicin (c) (µg·mL−1)

MIC (a) MBC (b) MBC/MIC MIC (a) MBC (b) MBC/MIC

Gram-positive

B. subtilis 1.25 1.25 1 2.5 5 2

S. aureus 1.25 1.25 1 2.5 5 2

S. epidermis 0.625 1.25 2 2.5 10 4

E. faecalis 2.5 5 2 10 20 2

M. luteus >10 >10 - 2.5 5 2

Gram-negative

E. coli - - - 2.5 5 2

P. aeruginosa - - - 5 20 4

K. pneumoniae 5 5 1 5 10 2

S. enteritidis 10 10 1 10 >20 >2

Fungi Amphotericin B (d)(µg·mL−1)

MIC (a) MFC (b) MFC/MIC MIC (a) MFC (b) MFC/MIC

F. oxysporum 1.125 4.5 4 0.625 1.25 2

A. alternata 2.25 9 4 0.156 0.625 4

Values are given as mean ± S.D. of the triplicate experiment. EtOAc: ethyl acetate. (a) Minimum inhibitory
concentrations (MIC) are expressed in mg·mL−1. (b) Minimum bactericidal concentrations (MBC) or minimum
fungicidal concentration (MFC). (c) The concentration of Gentamicin used was 10 µg/well. (d) The concentration
of Amphotericin B used was 20 µg/well. -: Not determined.

2.3.2. Correlations among Phenolic Contents and Inhibition Zones Diameter

As we previously stated, among all tested extracts, the ethyl acetate one from the
plant harvested in spring exhibited the strongest antimicrobial activity. Therefore, we
proceeded to study the correlations between phenolic contents and inhibition zones for
this extract. The correlation between antimicrobial activity (bacterial and fungal strains)
and phenolic contents (TPC and TFC) is shown in Table 7 (p < 0.05). The outcomes showed
important positive and negative correlations. TPC and TFC appeared to have a positive
correlation, suggesting that these two variables move in the same direction and influence
each other. TPC appears to positively and negatively correlate with some of the Gram-
positive bacteria (B.subtilis and S.epidermis) as well as the Gram-negative bacteria (M. luteus
and K. pneumoniae). Regarding TFC, the obtained data also revealed correlations with
Gram-positive bacteria (S. aureus, S. epidermis, E. faecalis and M. luteus), Gram-negative
bacteria (S. enteritidis) and fungi (F. oxysporum). These observations confirm that phenolic
compounds are the main reason behind the antimicrobial activity of plant extracts [17].
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Table 7. Correlation among phenolic contents and inhibition zone diameter (mm) *.

Variables TPC TFC B. subtilis S. aureus S. epidermis E. faecalis M. luteus K. pneumoniae S. enteritidis F. oxysporum

TPC 1
TFC 0.200 1
B. subtilis 0.908 * −0.543 1
S. aureus 0.327 −0.982 * 0.693 * 1
S. epidermis −0.693 * 0.812 * −0.932 * −0.908 * 1
E. faecalis 0.277 −0.991 * 0.655 * −0.999 * −0.885 * 1
M. luteus −0.786 * −0.500 −0.454 0.327 0.099 0.376 1
K. pneumoniae −0.982 * 0.327 −0.971 * −0.500 0.817 * −0.454 0.655 * 1
S. enteritidis −0.155 −0.967 * 0.312 0.901 * −0.636 * 0.923 * 0.705 * −0.075 1
F. oxysporum −0.277 0.991 * −0.655 −0.999 * 0.885 * −0.999 * −0.376 −0.454 −0.923 * 1

TPC: total phenols content; TFC: total flavonoid contents; *: data show the Pearson correlation coefficients (R2)
between the parameters (p < 0.05).

2.4. LC-MS-MS

The results of the antioxidant activity, TPC, TFC and antimicrobial effect showed that
ethyl acetate extracts can act differently according to the harvesting period. To explain
these observations, we investigated both extracts (winter and spring) using HPLC coupled
with hot electrospray ionization mass spectrometry in negative mode. The obtained mass
chromatograms are illustrated in Figure 3. For each peak, we indicated the retention time,
the relative abundance, the UV, the deprotonated mass and the fragment ions generated by
MS2 and MS3 (Table 8).

Molecules 2023, 28, x FOR PEER REVIEW 10 of 21 
 

 

 
Figure 3. LC-MS chromatograms of ethyl acetate extracts of A. henoniana stems; (A) stems collected 
in winter (February 2021); (B) stems collected in spring (May 2021). 

Figure 3. LC-MS chromatograms of ethyl acetate extracts of A. henoniana stems; (A) stems collected
in winter (February 2021); (B) stems collected in spring (May 2021).



Molecules 2023, 28, 3947 10 of 20

Table 8. LC-MS/MS identification of ethyl acetate stem extracts.

N
TR (min)

Winter/Spring UV (nm)
Area (%)

m/z MS2 MS3 Attribution Ref.
Winter Spring

1 9.00/9.89 242–294 0.1 0.1 593 383/353(100) 575/503/473(100)/441/383/353 Vicenin-2 (Apigenin-6,8-di-C-glucoside) [18]

2 10.47/11.30 282–382 0.4 0.2 563 545/503/473/443(100)/383/353 Apigenin-6-C-glucoside-8-C-
arabinoside (schaftoside) [19]

3 11.14/12.46 262 0.2 0.1 533 515/473/443(100)/383/353 Apigenin-C-pentoside-C-pentoside [20]

4 -/12.49 266–326 - 0.3 769 623 357/315/300/271 Isorhamnetin glucosyl-di-rhamnoside [21]

5 -/13.04 258–294 - 0.1 623 357/315(100)/300/271 Isorhamnetin-3-O-rutinoside [22]

6 14.33/15.01 342–382 0.5 0.5 373 355(100)/337/301/263/151 7-Hydroxymatairesinol [23]

7 14.66/15.27 282 1.0 1.5 473 455(100)/437/397/385/369/379/337 437(100)/419/379/367/165 Asiatic acid/madecassic acid derivative [24]

8 15.92/16.51 274 0.7 1.0 399 381(100)/341/327

2-(2,6-Dihydroxy-4-methoxyphenyl)-4-
hydroxy-3-(hydroxymethyl)-5,6-

methoxy-6,5-
(3-methylbut-2-enyl)- benzofuran

[25]

9 16.18/16.76 286–350 1.1 1.0 457 439(100)/421/381 Lucidenic acid A [26]

10 16.45/16.95 270–350 4.0 2.2 371 353(100)/341//299/165 Caffeoyl glucarate (isomers) [27]

11 17.07/17.58 338 1.9 1.3 455 437/385 (100) 367(100)/313/165/150 Unidentified

12 17.55/18.12 282 1.4 1.8 357 339/285 (100)/151 /109 Unidentified

13 19.00/19.12 262–346 3.4 1.2 313 298 (100)/269 Hedysarimpterocarpene A (HPA)/
Wedelolactone [25]

14 19.27/19.80 274–318 2.6 2.5 355 337(100) 305/165(100)/150/136/108 Chebulic acid [28]

15 20.51/20.59 270 2.3 1.3 439 421(100)/369/351 Prenylated licoriphenone [29]

16 21.25/21.78 274 0.9 1.4 341 323 (100)/297/269/151 Caffeic acid-O-glycoside. [30]

17 21.84/22.24 282–358 2.0 1.0 441 423(100)/371 Unidentified

18 22.07/22.54 286–382 1.8 2.0 425 407/355(100) Unidentified

19 22.52/22.94 282 2.5 1.6 439 369(100) Unidentified

20 24.80/- 286–382 1.6 - 425 407/247/235(100)/217/165 Unidentified

21 25.41/25.72 274 1.4 1.1 439 421(100)/367/165 Unidentified
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Table 8. Cont.

N
TR (min)

Winter/Spring UV (nm)
Area (%)

m/z MS2 MS3 Attribution Ref.
Winter Spring

22 -/25.93 270–302 - 1.0 339 307/269/165(100)/150/137 Unidentified

23 26.44/26.84 270–362 2.2 2.7 439 421(100)/367/165 Unidentified

24 27.09/27.40 270–342 4.0 2.0 425 407(100)/355 389(100)/335/217/151 Unidentified

25 -/29.13 278 - 3.1 425 407/353(100)/219/151 Unidentified

26 29.30/29.60 282 1.9 1.1 423 405/353(100)/233 Unidentified

27 29.63/29.97 282–362 4.3 4.0 425 407/353/219(100)177 Abscisic acid hexoside [31]

28 30.57/30.99 270–302 1.0 0.8 421 403/351(100)/165 6,8-Diprenylkaempferol [32]

29 31.35/31.40 278 1.7 2.8 423 405(100)/365 Sophoraflavanone G [33]

30 32.08/32.36 270 4.5 4.8 423 405/353(100)/165 Unidentified

31 32.55/32.87 270 5.4 5.9 423 405(100) Sophoraflavanone G [33]

32 34.31/34.52 282 3.0 2.4 409 231/219(100)/151 Unidentified

33 34.74/35.09 282 2.1 1.3 409 391/385/235(100)/217/165 Unidentified

34 35.62/35.91 270–366 6.2 8.2 409 391(100)/337/219/151 Kanzonol Y [34]

35 36.70/36.95 286–358 2.5 1.2 407 389/337/219(100)/187 Unidentified

36 37.98/38.00 266–370 3.9 4.3 407 337/271/233(100)/205 Unidentified

37 38.48/38.75 270 3.6 6.7 407 375/165 (100)/150 Unidentified

38 41.63/41.81 278 0.6 1.2 393 151(100) Unidentified

39 42.26/42.47 262–374 2.7 2.9 203 185/175/159/148(100) Unidentified

40 43.19/43.39 286 12.2 14.7 393 219(100) Unidentified

41 45.30/45.37 370 4.1 4.1 391 203 (100)/187/159 Hispaglabridin A [35]

42 46.83/46.77 266–298 2.3 1.9 405 343/165(100)/136 Unidentified

43 50.00/49.62 274 1.3 1.1 391 151(100)/219 Unidentified

44 52.22/51.60 282–370 0.4 0.1 389 371/203(100)/185 Unidentified

45 53.15/52.47 286–374 0.4 0.3 389 371/253(100)/135 Unidentified
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2.4.1. Characterization of the Detected Compounds

The analysis of chromatograms A and B shows several similarities and some slight
differences. The notable differences between the two extracts are especially in the relative
abundance of the detected compounds. We have identified 20 compounds classified in
several families such as flavonoids, phenolic acids and triterpenoids.

Compound 1 (TR = 9.89 min) showed a molecular ion at m/z 593. Its UV spectra (Table 8)
showed characteristic absorption bands of flavonoids ranging between 240 and 285 nm
and 300 and 385 nm [36]. It presented characteristic fragment ions at 575 [(M − H)-18]
(dehydration), 503 [(M−H)-90] (loss of C3H6O3 from the sugar unit), 473 [(M−H)-30] (loss
of CHOH), 383 [(M − H)-90] (loss of C3H6O3 from the sugar unit) and 353 [(M − H)-30]
(loss of CHOH). This compound was identified as vicenin-2 [18].

Compound 2 (TR = 10.47 min) generated a molecular ion at m/z 563. Its UV spectra presented
characteristic absorption bands of flavonoids ranging between 282 and 283 nm. Its MS2

mode generated a fragmentation of a hexose and gave product ions 545 [(M − H)-18]
(dehydration), 503 [(M − H)-42] (loss of C2H2O), 473 [(M − H)-30] (loss of CH2O)
and 443 [(M − H)-30] (loss of CH2O). The ions 383 [(M − H)-60] and 353 [(M − H)-30]
observed in both MS2 and MS3 are the result of the fragmentation of the pentose. This
compound was identified as apigenin-6-C-glucoside-8-C-arabinoside (schaftoside) [19].

Compound 3 (TR = 11.14 min) generated a molecular ion at m/z 533 which can be
attributed to apigenin-C-pentoside-C-pentoside. The loss of a rhamnoside resulted in
the apparition of a major MS2 fragment at m/z 443 [(M − H)-90] due to the fragmentation
of the pentoside [20].

Compound 4 (TR = 12.32 min) exhibited a molecular ion at m/z 769. The loss of a rhamnoside
resulted in the apparition of a major MS2 fragment at m/z 623 [(M − H)-146]. The MS3

method generated m/z 357 [(M − H)-266] after the loss of C10H18O8, a characteristic
fragment of a deprotonated isorhamnetin at m/z 315 [(M − H)-42] (loss of C2H2O), an
m/z 300 [(M − H)-15] (loss of CH3) and an m/z 271 [(M − H)-29] (loss of CHO). Therefore,
this compound was identified as isorhamnetin glucosyl-di-rhamnoside [21].

Compound 5 (TR = 13.04 min) presented a molecular ion at m/z 623 with product ions at
m/z 315 [(M − H)-308] (loss of disaccharide), m/z 300 [(M − H)-15] (loss of CH3) and m/z
271 [(M − H)-29] (loss of CH2O) and was identified as isorhamnetin-3-O-rutinoside [22].

Compound 6 (TR = 14.33 min) showed a molecular ion at m/z 373. The obtained MS2

fragments were in good agreement with those of 7-Hydroxymatairesinol reported in the
literature [23].

Compound 7 (TR = 14.66 min) showed a molecular ion at m/z 473. The major ion generated
at m/z 455 obtained in MS2 mode is the result of dehydration [24]. This compound was
identified as an Asiatic acid/madecassic acid derivative.

Compound 8 (TR = 15.92 min) at m/z 399 showed a prominent ion at m/z 381 after dehydra-
tion, suggesting the presence of a compound of benzofurane type [25].

Compound 9 (TR = 16.18 min) at m/z 457 was identified as lucidenic acid A, taking into
account the provided data from the literature. The MS2 showed a major fragment at m/z
439 due to dehydration. A second dehydration gave the fragment ion at m/z 421 [26].

Compound 10 (TR = 16.45 min) showed a molecular ion at m/z 371 and was identified as
a caffeoyl glucarate isomer. The major characteristic ion generated at m/z 353 obtained in
MS2 mode is the result of dehydration [27].

Compound 13 (TR = 19.00 min) showed a molecular ion at m/z 313. The major characteristic
ion generated at m/z 298 obtained in MS2 mode is the result of demethylation and was
identified as hedysarimpterocarpene A (HPA) [25].
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Compound 14 (TR = 19.27 min) showed a molecular ion at m/z 355 and can be identified as
chebulic acid. The MS2 mode generated a major ion at m/z 337 [(M − H)-18] (dehydration).
As for the MS3 mode, it presented a fragment ion at m/z 305 [(M − H)-32] (loss of O2) and a
major ion at m/z 165 [(M − H)-140] (C7H8O3) [28].

Compound 15 (TR = 20.51 min) showed a molecular ion at m/z 439 and can be identified as
prenylated licoriphenone. The MS2 mode generated a major ion at m/z 421 [(M − H)-18]
(dehydration) [29].

Compound 16 (TR = 21.25 min) presented a deprotonated ion at m/z 341 and gave a major
fragment at m/z 323 after the loss of H2O (dehydration). The fragment at m/z 297 appeared
due to the loss of CO2. The fragment ion at m/z 151 [(M − H)-118] (loss of C7H2O2) is the
result of a rupture of the liaison 1→3 from the sugar unit. These fragments appear to be the
same as those found in caffeic acid-O-glycoside [30].

Compound 27 (TR = 29.63 min) showed a molecular ion at m/z 425 and was identified as
abscisic acid hexoside. The MS2 mode generated fragment ions at m/z 407 [(M − H)-18]
(dehydration), m/z 353 [(M − H)-54] (loss of C3H2O) and a major m/z 219 [(M − H)-90] (loss
of a sugar moiety) [31].

Compound 28 (TR = 30.57 min) showed a molecular ion at m/z 421 and was identified as
6,8-diprenylkaempferol. The MS2 mode generated the same fragmentation pattern shown
in the literature [32].

Compound 29 (TR = 31.35 min) and compound 31 (TR = 32.55 min) generated a common
molecular ion m/z (423) and an identical fragmentation pattern and were assigned to
sophoraflavanone G. The difference in their retention time suggests the possibility of two
isomers. The MS2 mode generated a major fragment ion at m/z 405 due to the loss of
H2O [33].

Compound 34 (TR = 35.62 min) generated a molecular ion at m/z 409 and was attributed to
a dihydrochalcone known as Kanzonol Y. The MS2 mode presented a characteristic of the
proposed compound at m/z 391 [(M − H)-18] (loss of H2O) [34].

Compound 41 (TR = 46.83 min) showed a molecular ion at m/z 391 and was attributed to
hispaglabridin A. The MS2 mode generated a major fragment ion at m/z 203 [(M − H)-188]
(loss of C12H12O2), m/z 187 due to the loss of an oxygen radical and an m/z 159 after the
loss of COH [35].

2.4.2. Findings Interpretation

The obtained results showed that the harvest month can affect the relative abundance
of each detected compound’s obtained extracts as well as the antioxidant and antimicrobial
activities. We found that the ethyl acetate extract of the stems collected in winter has a high
antioxidant activity compared to the one obtained from the stems collected in spring. The
opposite was observed for the antimicrobial activity, as the ethyl acetate extract obtained in
spring was more active.

Previous research studies reported that the additive synergetic effect of an extract
could be more effective than the separated compounds [8]. Therefore, the obtained results
suggest that the compounds found in stems harvested in winter could act synergistically as
strong antioxidants but not as antimicrobials.

Previous studies reported that variation in the phytochemical composition and antioxi-
dant and antimicrobial activities could be explained by ecological factors, type of extraction
solvents, seasons and the class of phytochemicals present. Furthermore, environmental
factors can highly affect the quantity of bioactive compounds [37]. Research works also
previously concluded that differences in the antioxidant activity harvested from different
trees and in different seasons can be attributed to factors such as climate and temperature,
which can significantly affect the chemical composition and antioxidant activity of plants.
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It was also considered that the chemical profile and the biological activity of plant material
are related to climatic conditions [6].

Major compounds in each extract can also be an important factor. For example, the ma-
jor compound (m/z 393) detected in both extracts could influence the observed results. This
compound presented a higher relative abundance in spring (14.7%) compared to winter
(12.2%), so its presence could influence the antimicrobial effect of the extract. There were
no literature data regarding its structure. Other major compounds detected in ethyl acetate
(spring) were dihydrochalcones (Kanzonol Y, 8.2%) and flavanones (sophoraflavanone G,
5.9%), which have previously been recognized for their antimicrobial effects [38]. Previous
studies reported that dihydrochalcones acted more effectively against Gram (+) strains
such as S. aureus than Gram (−) strains [39]. Daseul et al. proved that sophoraflavanone G
is also known for its strong antimicrobial activity against Gram (+) bacteria as it disturbs
bacterial cell walls by binding with PGN (the major component of the cell wall of Gram-
positive bacteria) [40]. Sakar et al. proved that Gram-positive bacteria are more sensitive
than Gram-negative bacteria to the action of plant extracts. The main cause behind this
sensitivity is the presence of an outer membrane that contains hydrophilic lipopolysac-
charides encompassing the bacterial peptidoglycan layer in Gram-negative bacteria that
acts as a barrier for macromolecules as well as hydrophobic compounds, thus limiting the
diffusion of hydrophobic compounds into the bacterium’s cytoplasm [41]. This is in good
agreement with the antimicrobial effect caused by ethyl acetate extract (spring), as it acted
more effectively against Gram (+) strains.

3. Materials and Methods
3.1. Collection and Extraction of Plant Material

Anthyllis henoniana was collected in winter (February 2021) and spring (May 2021) from
the Sahara of Beni Khedache, Medenine, Tunisia, approximately to this GPS coordination:
33◦13′09.6” N 10◦12′46.2” E. The climate of this area is arid Mediterranean with a rainy
season concentrated during autumn and a dry season starting from May. The area is known
for its sandy soil and sand accumulation as well as the presence of limestone. Dr. Zouhair
Bouallagui performed the botanical identification in the botany laboratory of the Faculty of
Sciences, University of Sfax, Tunisia, and a voucher specimen (LCO 140) was deposited at
the herbarium of the Laboratory of Organic Chemistry (LR17-ES08), Natural Substances
Team, Faculty of Sciences, University of Sfax. An amount of 500 g of stems (from each
harvest period) was dried, milled, placed in the cotton cartridge and extracted successively
with hexane, ethyl acetate and methanol using a Soxhlet extractor. All the extracts were
then filtered, evaporated using a rotavapor at 40 ◦C and stored at 4 ◦C prior to analysis.

3.2. Total Phenolic and Total Flavonoid Contents
3.2.1. Total Phenolic Contents (TPC)

To quantify the total hydroxyl groups in the obtained extracts, the total phenolic con-
tents (TPC) of Anthyllis henoniana stem extracts were determined using the Folin–Ciocalteu
method presented by Ben Younes et al. [7]. In total, 0.5 mL of Folin–Ciocalteu reagent and
5 mL of Na2CO3 (20%) were added to 0.1 mL (1 mg·mL−1) of each extract. After 30 min, the
absorbance of each mixture was measured at 727 nm. Gallic acid was used as a standard.
The phenolic contents in the extracts were expressed in terms of gallic acid equivalent per
gram of dried extract (mg of GAE/g E). The six extracts were analyzed in triplicate.

3.2.2. Total Flavonoid Contents (TFC)

The total flavonoid contents of Anthyllis henoniana stem extracts were identified by
the aluminum chloride method. We added 0.3 mL of NaNO2 (5%) and 4 mL of water to
1 mL of each extract. The mixture was allowed to stand for 5 min, followed by the addition
of 0.3 mL of AlCl3 (10%) and then 2 mL of NaOH (1 M). The mixture was adjusted to
10 mL with water. Absorbance was measured at 510 nm after 15 min of incubation at room
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temperature. The extracts were analyzed in triplicate, and TFC was measured in milligrams
of quercetin equivalent (QE) per gram of extract [7].

3.3. Antioxidant Assay

The divergence of antioxidant capacity could not fully be described by a single method.
Thus, it should be determined by several assays using the same initial concentration such as
free radical scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH), radical scavenging activity
on 2,2′-azinobis (3-ethylbenzothiazoline)-6-sulfonic acid (ABTS), ferric reducing power
(FRAP) and total antioxidant capacity (TAC). For each assay, the obtained extracts were
tested at different concentrations (0.0625, 0.125, 0.25, 0.5 and 1 mg·mL−1).

3.3.1. Free Radical Scavenging 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

The antiradical activity of the extracts was evaluated using the 2,2′-diphenyl−1-
picrylhydrazyl (DPPH). Briefly, 1 mL of each extract concentration was added to 2 mL
of ethanolic solution of DPPH (0.04 g·L−1). The tubes were incubated in the dark for
30 min at room temperature; the absorbance was taken at 517 nm. The experimental results
were then compared with the control that contained 1 mL of 95% ethanol and vitamin C
solution [42]. The antioxidant concentration reducing 50% of DPPH free radicals (IC50)
was then determined for each extract. The findings were expressed using the inhibition
percentage and the antioxidant activity index formula:

PI (%) = [(A control − A sample)/A control] × 100

AAI = Final concentration of DPPH (µg·mL−1)/IC50 (µg·mL−1)

Acontrol: the negative control absorbance

Asample: the sample absorbance.

On the report of AAI values, antioxidant activity is considered poor when AAI < 0.5,
moderate when 0.5 ≤ AAI ≤ 1, strong when 1.0 ≤ AAI ≤ 2.0 and very strong when
AAI >2.0 [42].

3.3.2. Radical Scavenging Activity on 2,2′-Azinobis (3-ethylbenzothiazoline)-6-sulfonic
Acid (ABTS)

An ABTS stock solution (7 mM in water) was mixed with 2.45 mM potassium persul-
fate to obtain ABTS•+. The mixture was then incubated for 12 to 16 h in the dark at room
temperature in order to reach stable oxidative stress. The ABTS•+ solution was diluted
with PBS (pH 7.4) to an absorbance of 0.700 at 734 nm. For the spectrophotometric assay,
3 mL of the ABTS•+ solution and 20 µL of standard (TROLOX) or each extract were mixed,
and the absorbance was determined at 734 nm at 1,6, 10, 60, 120, 180, 360 and 1440 min
after mixing [43].

ABTS•+ radicals PI (%) = [(DOb − DOa)/DOb] × 100

Here, DOb refers to the absorbance of the control (without extract) and DOa to the
absorbance of the sample (with extract).

3.3.3. Ferric Reducing Antioxidant Power (FRAP)

As described by Affes et al. [9], the reducing power of the obtained extracts was
determined by dissolving 1 mg stem extracts in 1 mL of ethanol, which was then mixed
with 2.5 mL of potassium ferricyanide [K3Fe(CN6)] (1%, w/v) and 2.5 mL of phosphate
buffer (0.2 M). The tubes were then incubated for 20 min at 50 ◦C, and then 2.5 mL of a
trichloroacetic acid solution (10% w/v) was added to the mixture, followed by centrifugation
of the samples at 3000 rpm for 10 min. As a final step, 2.5 mL of the supernatant solution
was mixed with 0.5 mL of the 0.1% (w/v) solution of ferric chloride (FeCl3) and 2.5 mL of
distilled water. The absorbance was measured at 700 nm, and vitamin C was chosen as
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the standard. Therefore, the observed increase in absorbance of Anthyllis henoniana stem
extracts displayed the reducing power.

3.3.4. Total Antioxidant Capacity (TAC)

Using the formation of the complex phosphomolybdenum as described by Affes
et al. [9], this assay shows the reduction in ammonium molybdate by resulting in a green
ammonium phosphate/molybdate complex. An aliquot of 0.1 mL of a sample solution
containing each extract was combined with 1 mL of reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate and 4 mM ammonium molybdate). The testing solution was
incubated in a water bath at 95 ◦C for 90 min. After cooling at room temperature, the
absorbance was measured at 695 nm against a blank containing 1 mL of reagent solution in
which the extract had been replaced with the appropriate volume of the same solvent used
for the sample. Gallic acid was used as standard in the assay.

3.4. Antimicrobial Activity
3.4.1. Microbial Strains

Nine bacterial strains including Gram-positive and Gram-negative bacteria were used
to investigate the antibacterial activity of the extracts. These bacteria were obtained from
the international culture collections (ATCC) and the local culture Collection of Tunisian
Microorganisms “CTM” of the Center of Biotechnology of Sfax. The Gram-positive bacteria
are Bacillus subtilis (ATCC 6633), Staphylococcus aureus (ATCC 25923), Enterococcus faecalis
ATCC 29212, Micrococcus luteus (ATCC 1880) and Staphylococcus epidermis (ATCC 12228).
The tested Gram-negative bacteria are Salmonella enteritidis (CTM 2133), Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC 9027) and Klebsiella pneumoniae (ATCC 10031).
The bacterial strains were grown on Mueller–Hinton broth (Bio-Rad, France) at 37 ◦C for
12–14 h. For the antifungal activity, four phytopathogenic fungi were used as indicator
strains to evaluate the inhibitory potential of extracts: Altenaria alternata (CTM10230), Fusar-
ium oxysporum (CTM10402), Aspergillus niger (CTM 10099) and Botrytis cinerea (LBPES15).
All fungi strains were grown on Potato Dextrose Agar (PDA), and plates were incubated
for 5–7 days at 28 ◦C.

3.4.2. Well-Diffusion Agar Assay, Minimum Inhibitory Concentrations (MIC) and
Minimum Bactericidal Concentrations (MBC)

Antimicrobial testing was performed by agar well diffusion method as described
by Tagg et al. [44] and broth microdilution assay using sterile Mueller–Hinton medium
(Bio-Rad, France) for bacterial strains and Potato Dextrose Agar (PDA) for fungal strains.
For the antibacterial assays, a fresh cell suspension (100 µL) adjusted to 107 CFU/L was
inoculated onto the surface of agar plates. Thereafter, 6 mm diameter wells were punched
in the inoculated agar medium with sterile Pasteur pipettes, and the extracts (2.5 mg/well)
were added to each well. Negative controls consisted of 20% DMSO and 50% ethanol used
to dissolve the plant extracts, and Gentamicin (15 µg/well) was used as a positive control
to determine the sensitivity of each bacterial strain, while Amphotericin B (20 µg/well)
was used as a positive control for fungal strains. The plate was allowed to stand for 2 h at
4 ◦C to permit the diffusion of the extracts followed by incubation at 37 ◦C for 24 h. The
antimicrobial activity was evaluated by measuring the inhibition zones (clear zone around
the well) against the tested microorganisms. All tests were repeated three times.

Minimum inhibitory concentrations (MIC) of Anthyllis henoniana’s extracts were de-
termined according to Eloff in sterile 96-well microplates with a final volume in each
microplate well of 200 µL [45]. A two-fold serial dilution of each extract was prepared
in the microplate wells over the range 0.0048–10 mg·mL−1. To each well, 10 µL of cell
suspension was added to the final inoculum concentration of 106 CFU/L. The plates
were then covered with sterile plate covers and incubated at 37 ◦C for 24 h. Gentamicin
and Amphotericin B were used as positive drug controls. The MIC was defined as the
lowest concentration of the extract at which the microorganism does not demonstrate
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visible growth after incubation. As an indicator of bacterial growth, 25 µL of 0.5 mg·mL−1

p-iodonitrotetrazolium chloride (INT), dissolved in sterile water, was added to the wells
and incubated at 37 ◦C for 30 min. The lowest concentration of each sample showing no
growth was taken as its minimal inhibitory concentration MIC. For the determination of
the minimum bactericidal/fungicidal concentrations (MBC/MFC), 5 µL from each well
that showed no change in color was plated on nutrient agar and incubated at 37 ◦C for 24 h.
The lowest concentration that yielded no growth after this sub-culturing was taken as the
MBC, indicating that >99.9% of the original inoculum was killed.

3.5. LC–MS Analysis

The ethyl acetate extracts of Anthyllis henoniana were investigated using a Thermo
Scientific LTQ XL Mass Spectrometer (Thermofisher, Courtaboeuf, France) fitted with an
electrospray ionization source in the negative mode. Thermo Roadmap software Xcalibur
4.4.16.14 was used to record ion spectra. A C18 reversed phase Acclaim column at 30 ◦C
(5 µm, 150 mm × 2.1 mm) was delivered to Vanquish HPLC for analysis. A: 0.1% formic
acid and 5% acetonitrile in water (v/v) and B: 0.1% formic acid in acetonitrile (v/v) were
the selected solvents. The elution gradient was set starting with 0% to 40% of B for 10 min
and then adding 10% of B every 10 min until reaching 80% of B. Lastly, from 80% to 100%
of solvent B was added over 3 min and maintained for 2 min before returning to initial
conditions. The mobile phase had a flow rate of 250 µL·min−1, and the injection volume
was 10 µL. High-purity nitrogen served as the nebulizer and auxiliary gas for the HESI
source, the ion spray voltage was fixed at 3.5 V, the capillary temperature was calibrated
at 300 ◦C and the sheath and auxiliary gas pressures were set to 50 and 5 psi, respectively.
The spectral range was from m/z 50 to 1200.

The approach combined full scans and MSn experiments using collision energy ranging
from 10 to 35 eV, depending on the molecular mass of compounds.

3.6. Statistical Analysis

Replicate errors were in all cases < 10% (n = 3). The differences were analyzed using
Duncan and Tukey’s post hoc tests for multiple comparisons with p < 0.05. The Statistical
Product and Service Solutions program (SPSS) version 20 was used to analyze the differ-
ences and calculate the correlation coefficients R2 in order to highlight, on the one hand,
the correlation between the different phenolic contents of all extracts and their antioxidant
and antimicrobial activities and the correlation between the different antioxidant activity
tests, on the other.

4. Conclusions

The present paper is the first attempt to identify the phenolic compounds from A. henon-
iana stem extracts as well as their antioxidant and antimicrobial activities. We concluded
that the harvest period can affect the total phenolic contents (TPC), total flavonoid contents
(TFC) and antioxidant activity, as well as the antimicrobial effect. Ethyl acetate of the
stems harvested in spring demonstrated strong inhibition of Gram-positive and some
Gram-negative bacterial strains. Significant antifungal activity against Fusarium oxysporum
and Alternaria alternata was also detected. Therefore, a determination of the chemical
composition using an adapted LC-ESI-MS/MS method of both ethyl acetate extracts was
proceeded. The phenolic compounds detected were classified and compared in both ex-
tracts. Total phenolic contents and total flavonoid contents as well as the strong antioxidant
and antimicrobial activities are the results of the presence of these phenolic compounds.
From this perspective, it is noteworthy that our research is a step that can be built upon
and taken further, as A. henoniana stems had not been extensively studied from the chemi-
cal and biological points of view. Our research can expand the potential applications of
A. henoniana and further provide references for the development and utilization of this
plant in pharmaceutical use.
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10. Rastija, V.; Medić-Saric, M. QSAR study of antioxidant activity of wine polyphenols. Eur. J. Med. Chem. 2009, 44, 400–408.
[CrossRef]

11. Samet, S.; Ayachi, A.; Fourati, M.; Mallouli, L.; Allouche, N.; Treilhou, M.; Téné, N.; Mezghani-Jarraya, R. Antioxidant and
antimicrobial activities of Erodium arborescens aerial part extracts and characterization by LC-HESI-MS2 of its acetone extract.
Molecules 2022, 27, 4399. [CrossRef]

12. Bagamboula, C.F.; Uyttendaele, M.; Debevere, J. Inhibitory effect of thyme and basil essential oils, carvacrol, thymol, estragol,
linalool and p-cymene towards Shigella sonnei and S. flexneri. Food Microbiol. 2004, 21, 33–42. [CrossRef]

13. Cox, S.D.; Mann, C.M.; Markham, J.L. Interactions between components of the essential oil of Melaleuca alternifolia. J. Appl.
Microbiol. 2001, 91, 492–497. [CrossRef] [PubMed]

14. Cueva, C.; Moreno-Arribas, V.; Martin-Alvarez, P.; Bills, G.; Vicente, F.; Basilio, A.; Concepcion Rivas, L.; Requena, T.; Juan, R.;
Bartolome, B. Antimicrobial activity of phenolic acids against commensal, probiotic and pathogenic bacteria. Res. Microbiol. 2010,
161, 372–382. [CrossRef]

15. Negi, P.S. Plant extracts for the control of bacterial growth: Efficacy, stability and safety issues for food application. Int. J. Food
Microbiol. 2012, 156, 7–17. [CrossRef] [PubMed]

16. Kwiatkowski, P.; Sienkiewicz, P.; Pruss, M.; Lopusiewicz, A.; Arszynska, L.; Wojciechowska-Koszko, N.; Kilanowicz, I.; Kot, A.;
Dolegowska, B. Antibacterial and anti-biofilm activities of essential oil compounds against new delhiMetallo-β-lactamase-1-
producing uropathogenic klebsiella pneumoniae strains. Antibiotics 2022, 11, 147. [CrossRef] [PubMed]

https://doi.org/10.1007/s40415-021-00736-6
https://doi.org/10.1016/B978-0-12-809380-1.00003-6
https://doi.org/10.1016/B978-0-12-415806-1.00011-5
https://doi.org/10.3390/plants10102031
https://www.ncbi.nlm.nih.gov/pubmed/34685840
https://doi.org/10.3390/su13137124
https://doi.org/10.3390/molecules26123741
https://doi.org/10.1155/2018/8516302
https://doi.org/10.1007/s11696-022-02082-7
https://doi.org/10.3390/molecules26144338
https://doi.org/10.1016/j.ejmech.2008.03.001
https://doi.org/10.3390/molecules27144399
https://doi.org/10.1016/S0740-0020(03)00046-7
https://doi.org/10.1046/j.1365-2672.2001.01406.x
https://www.ncbi.nlm.nih.gov/pubmed/11556915
https://doi.org/10.1016/j.resmic.2010.04.006
https://doi.org/10.1016/j.ijfoodmicro.2012.03.006
https://www.ncbi.nlm.nih.gov/pubmed/22459761
https://doi.org/10.3390/antibiotics11020147
https://www.ncbi.nlm.nih.gov/pubmed/35203751


Molecules 2023, 28, 3947 19 of 20

17. Zeroual, A.; Sakar, E.H.; Mahjoubi, F.; Chaouch, M.; Chaqroune, A.; Taleb, M. Effects of extraction technique and solvent on
phytochemicals, antioxidant, and antimicrobial activities of cultivated and wild rosemary (Rosmarinus officinalis L.) from taounate
region (northern morocco). Biointerface Res. Appl. Chem. 2022, 12, 8441–8452. [CrossRef]

18. Ibrahima, R.M.; El-Halawany, A.M.; Saleh, D.O.; El Naggar, E.M.B.; EL-Shabrawy, A.E.R.O.; El-Hawary, S.S. HPLC-DAD-MS/MS
profiling of phenolics from Securigera securidaca flowers and its anti-hyperglycemic and anti-hyperlipidemic activities. Rev. Bras.
Farmacogn. 2015, 25, 134–141. [CrossRef]

19. Han, J.; Ye, M.; Qiao, X.; Xu, M.; Wang, B.; Guo, D. Characterization of phenolic compounds in the Chinese herbal drug Artemisia
annua by liquid chromatography coupled to electrospray ionization mass spectrometry. J. Pharm. Biomed. Anal. 2008, 47, 516–525.
[CrossRef]

20. Llorent-Martinez, E.J.; Spinolab, V.; Paula, C. Castilho. Evaluation of antioxidant potential, enzyme inhibition activity and
phenolic profile of Lathyrus cicera and Lathyrus digitatus: Potential sources of bioactive compounds for the food industry. Food
Chem. Toxicol. 2017, 107, 609–619. [CrossRef]

21. Simirgiotis, M.J.; Schmeda-Hirschmann, G. Determination of phenolic composition and antioxidant activity in fruits, rhizomes
and leaves of the white strawberry (Fragaria chiloensis spp. chiloensis form Chiloensis) using HPLC-DAD-ESI-MS and free radical
quenching techniques. J. Food Compos. Anal. 2010, 23, 545–553. [CrossRef]

22. Chen, Y.; Yu, H.; Wu, H.; Pan, Y.; Wang, K.; Jin, Y.; Zhang, C. Characterization and quantification by LC-MS/MS of the chemical
components of the heating products of the flavonoids extract in Pollen typhae for transformation rule exploration. Molecules 2015,
20, 18352–18366. [CrossRef]

23. C. Eklund, P.; Josefin Backman, M.; Leif Kronberg, A.; Sjoholm, R.E. Identification of lignans by liquid chromatography-
electrospray ionization. J. Mass Spectrom. 2007, 43, 97–107. [CrossRef] [PubMed]

24. Bunse, M.; Lorenz, P.; Stintzing, F.C.; Kammerer, D.R. Insight into the secondary metabolites of Geum urbanum L. and Geum
rivale L. seeds (Rosaceae). Plants 2021, 10, 1219. [CrossRef] [PubMed]

25. Min Yang, W.W.; Sun, J.; Zhao, Y.; Liu, Y.; Liang, H.; De-an, G. Characterization of phenolic compounds in the crude extract of
Hedysarum multijugum by high-performance liquid chromatography with electrospray ionization tandem mass spectrometry.
Rapid Commun. Mass Spectrom. 2007, 24, 1457–1466. [CrossRef]

26. Yang, M.; Wang, X.; Guan, S.; Xia, J.; Sun, J.; Guo, H.; Guo, D. Analysis of triterpenoids in Ganoderma lucidum using liquid
chromatography coupled with electrospray ionization mass spectrometry. J. Am. Soc. Mass Spectrom. 2007, 18, 927–939. [CrossRef]

27. Lorenz, P.; Conrad, J.; Bertrams, J.; Berger, M.; Duckstein, S.; Meyera, U.; Florian, C. Stintzinga. Investigations into the phenolic
constituents of Dog’s mercury (Mercurialis perennis L.) by LC-MS/MS and GC-MS analyses. Phytochem. Anal. 2012, 23, 60–71.
[CrossRef]

28. Yang, B.; Kortesniemi, M.; Liu, P.; Karonen, M.; Salminen, J. Analysis of hydrolyzable tannins and other phenolic compounds.
J. Agric. Food Chem. 2012, 60, 8672–8683. [CrossRef]

29. Qiao, X.; Song, W.; Ji, S.; Wang, Q.; Guo, D.; Ye, M. Separation and characterization of phenolic compounds and triterpenoid
saponins in licorice (Glycyrrhiza uralensis) using mobile phase-dependent reversed-phase×reversed-phase comprehensive two-
dimensional liquid chromatography coupled with mass spectromet. J. Chromatogr. A 2015, 1402, 36–45. [CrossRef]

30. Clenilson, M.; Rinaldo, R.D.; Dos Santos, L.C.; Montoro, P.; Piacente, S.; Pizza, C.; Hiruma-Lima, C.A.; Vilegas, W. Metabolic
fingerprinting using direct flow injection electrospray ionization tandem mass spectrometry for the characterization of proantho-
cyanidins from the barks of Hancornia speciosa. Rapid Commun. Mass Spectrom. 2007, 21, 1907–1914. [CrossRef]

31. Shi, S.; Li, K.; Peng, J.; Li, J.; Luo, L.; Liu, M.; Chen, Y.; Xiang, Z.; Xiong, P.; Liu, L.; et al. Chemical characterization of extracts of
leaves of Kadsua coccinea (Lem.) A.C. Sm. by UHPLC-Q-Exactive Orbitrap Mass spectrometry and assessment of their antioxidant
and anti-inflammatory activities. Biomed. Pharmacother. 2022, 149, 112828. [CrossRef]

32. Linyuan, W.; Zhengrui, H.; Xiaojia, S.; Yuhao, Z.; Wei, C.; Ji, Y.; Xike, X.; Xianpeng, Z.; Yun heng, S. Systematic analysis of chemical
profiles of Sophorae tonkinensis Radix et Rhizoma in vitro and in vivo using UPLC-Q- TOF-MSE. Biomed. Chromatogr. 2022, 36, 6.
[CrossRef]

33. Hashemi, M.; Kharazian, N. Identification of Flavonoids from Marrubium and Ballota species (Lamiaceae) and Determination of
Chemotaxonomic Markers Using High Performance Liquid Chromatography Mass Spectrometer. J. Sci. Islam. Repub. Iran. 2022,
32, 305–320. [CrossRef]

34. Singh, V.K.; Koshy, R.; Mundkinajeddu, D.; Edwin, J.R. A comprehensive analytical approach for quality evaluation of flavonoid
rich extract of Glycyrrhiza glabra ( GutGard ® ). RASAYAN J. Chem. 2022, 15, 1469–1480. [CrossRef]

35. Rudy Simons, M.A.V.; Vincken, J.P.; Bakx, E.J.; Gruppen, H. A rapid screening method for prenylated flavonoids with ultra-high-
performance liquid chromatography/electrospray ionisation mass spectrometry in licorice root extracts. Rapid Commun. Mass
Spectrom. 2009, 23, 3083–3093. [CrossRef]

36. Jurasekova, Z.; Garcia-Ramos, J.V.; Domingo, C.; Sanchez-Cortes, S. Surface-enhanced Raman scattering of flavonoids. J. Raman
Spectrosc. 2006, 37, 1239–1241. [CrossRef]

37. Park, C.H.; Ji Yeo, H.; Bastin Baskar, T.; Ye Eun Park, Y.E.; Park, J.S.; Lee, S.K.; Park, S.U. In vitro antioxidant and antimicrobial
properties of flower, leaf, and stem extracts of Korean mint. Antioxidants 2019, 8, 75. [CrossRef] [PubMed]

38. Ali Raza Naqvi, S.; Nadeem, S.; Komal, S.; Ali Asad Naqvi, S.; Samee Mubarik, M.; Yaqub Qureshi, S.; Ahmad, S.; Abbas, A.;
Zahid, M.; Ul-Haq Khan, N.; et al. Antioxidants: Natural Antibiotics. In Antioxidants, Shalaby E., Ed.; IntechOpen: Faisalabad,
Pakistan, 2019; pp. 1–17. [CrossRef]

https://doi.org/10.33263/BRIAC126.84418452
https://doi.org/10.1016/j.bjp.2015.02.008
https://doi.org/10.1016/j.jpba.2008.02.013
https://doi.org/10.1016/j.fct.2017.03.002
https://doi.org/10.1016/j.jfca.2009.08.020
https://doi.org/10.3390/molecules201018352
https://doi.org/10.1002/jms.1276
https://www.ncbi.nlm.nih.gov/pubmed/17729382
https://doi.org/10.3390/plants10061219
https://www.ncbi.nlm.nih.gov/pubmed/34203945
https://doi.org/10.1002/rcm.3277
https://doi.org/10.1016/j.jasms.2007.01.012
https://doi.org/10.1002/pca.1325
https://doi.org/10.1021/jf302925v
https://doi.org/10.1016/j.chroma.2015.05.006
https://doi.org/10.1002/rcm.3036
https://doi.org/10.1016/j.biopha.2022.112828
https://doi.org/10.1002/bmc.5357
https://doi.org/10.22059/JSCIENCES.2021.321035.1007634
https://doi.org/10.31788/RJC.2022.1526831
https://doi.org/10.1002/rcm.4215
https://doi.org/10.1002/jrs.1634
https://doi.org/10.3390/antiox8030075
https://www.ncbi.nlm.nih.gov/pubmed/30917545
https://doi.org/10.5772/intechopen.84864


Molecules 2023, 28, 3947 20 of 20

39. Koudokpon, H.; Armstrong, N.; Dougnon, T.V.; Fah, L.; Hounsa, E.; Bankolé, H.S.; Loko, F.; Chabrière, E.; Rolain, J.M. Antibacterial
activity of chalcone and dihydrochalcone compounds from Uvaria chamae roots against multidrug-resistant bacteria. Biomed Res.
Int. 2018, 2018, 1453173. [CrossRef]

40. Kim, D.; Young Kim, K. Antibacterial effect of sophoraflavanone G by destroying the cell wall of Enterococcus faecium. J. Appl.
Pharm. Sci. 2020, 10, 59–64. [CrossRef]

41. Sakar, E.H.; Zeroual, A.; Kasrati, A.; Gharby, S. Combined Effects of Domestication and Extraction Technique on Essential Oil
Yield, Chemical Profiling, and Antioxidant and Antimicrobial Activities of Rosemary (Rosmarinus officinalis L.). J. Food Biochem.
2023, 2023, 6308773. [CrossRef]

42. Mhalla, D.; Bouasssisa, K.; Chawech, R.; Bouaziz, A.; Makni, S.; Jlail, L.; Tounsi, S.; Jarraya, R.; Trigui, M. Antioxidant,
hepatoprotective, and antidepression effects of Rumex tingitanus extracts and identification of a novel bioactive compound. Biomed
Res. Int. 2018, 59, 7295848. [CrossRef]

43. Ozgen, M.; Reese, R.N.; Tulio, A.Z.; Scheerens, J.C.; Miller, A.R. Modified 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) method to measure antioxidant capacity of selected small fruits and comparison to ferric reducing antioxidant power
(FRAP) and 2,2′-diphenyl-1- picrylhydrazyl (DPPH) methods. J. Agric. Food Chem. 2006, 54, 1151–1157. [CrossRef]

44. Tagg, J.R.; McGiven, A.R. Assay system for bacteriocins. Appl. Microbiol. 1971, 21, 943. [CrossRef] [PubMed]
45. Eloff, J.N. A sensitive and quick microplate method to determine the minimal inhibitory concentration of plant extracts for

bacteria. Planta Med. 1998, 64, 711–713. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1155/2018/1453173
https://doi.org/10.7324/JAPS.2020.10907
https://doi.org/10.1155/2023/6308773
https://doi.org/10.1155/2018/7295848
https://doi.org/10.1021/jf051960d
https://doi.org/10.1128/am.21.5.943-943.1971
https://www.ncbi.nlm.nih.gov/pubmed/4930039
https://doi.org/10.1055/s-2006-957563
https://www.ncbi.nlm.nih.gov/pubmed/9933989

	Introduction 
	Results and Discussions 
	Total Phenolic and Flavonoid Contents of Various Anthyllis Henoniana Stem Extracts 
	Evaluation of the Antioxidant Activity of Stem Extracts 
	Free Radical Scavenging 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 
	Radical Scavenging Activity on 2,2'-Azinobis (3-ethylbenzothiazoline)-6-sulfonic Acid (ABTS) 
	Ferric Reducing Antioxidant Power (FRAP) 
	Total Antioxidant Activity (TAC) 
	Correlations between TFC, TPC and Antioxidant Activity 

	Evaluation of the Antimicrobial Activity of Stem Extracts 
	Inhibition Zones, MIC, MBC and MFC 
	Correlations among Phenolic Contents and Inhibition Zones Diameter 

	LC-MS-MS 
	Characterization of the Detected Compounds 
	Findings Interpretation 


	Materials and Methods 
	Collection and Extraction of Plant Material 
	Total Phenolic and Total Flavonoid Contents 
	Total Phenolic Contents (TPC) 
	Total Flavonoid Contents (TFC) 

	Antioxidant Assay 
	Free Radical Scavenging 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 
	Radical Scavenging Activity on 2,2'-Azinobis (3-ethylbenzothiazoline)-6-sulfonic Acid (ABTS) 
	Ferric Reducing Antioxidant Power (FRAP) 
	Total Antioxidant Capacity (TAC) 

	Antimicrobial Activity 
	Microbial Strains 
	Well-Diffusion Agar Assay, Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) 

	LC–MS Analysis 
	Statistical Analysis 

	Conclusions 
	References

