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Abstract

Natural products are an inexhaustive reservoir of bioactive compounds with diverse effects protecting human health as components
of nutrition and as active substances of drugs. The objective of the present study was to evaluate the bactericidal and carbohydrate
digestive enzyme inhibitory activity of twelve native plants from Cyprus, that are consumed for medicinal and/ or culinary purposes.
Each plant was sequentially extracted with solvents of increasing polarity, from non-polar to polar solvents. At first, the total phenolic
(TPC) and flavonoid (TFC) content of the extracts were determined. The bactericidal potential of plant extracts was tested against six
bacteria using the broth microdilution method. Furthermore, their inhibitory effects on digestive enzymes, namely α-glucosidase and
α-amylase, were also determined. Results demonstrated a substantial diversity in TPC (2.3-483.5 mg gallic acid equivalent g−1) and
TFC (4.1-394.6 mg catechin equivalent g−1) of the plant extracts; a great impact of solvent was found. Furthermore, potent anti-
bacterial activity (minimum bactericidal concentration≤ 500 µg ml−1) of capper, mountain oregano, rosemary, silver thistle, and
vine leaf extracts against Gram-positive bacteria was determined. Regarding carbohydrate digestive enzyme inhibitory effects, the
inhibition of α-glucosidase enzyme is higher than 80%, when rosemary, silver thistle, and vine leaf extracts are used at a concentra-
tion of 500 µg g−1. Overall, the present study describes the antibacterial and inhibitory effect against carbohydrate digestive enzymes
of unstudied plant species or known plants from the unexplored island of Cyprus. It provides valuable data for the nutraceutical
value of native edible plants as well as assesses these plants as potential sources of antibacterial and carbohydrate digestive
enzyme inhibitory agents for drug discovery.
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Introduction

Natural products extracted from plants, either as pure com-
pounds or fractions, provide countless health effects owing to
their chemical diversity. Plant extracts have shown considerable
potential in a range of applications in the food industry, phar-
maceutics, and cosmetics.1 Among biological effects, the anti-
microbial and antidiabetic potency of natural products have
attracted scientific interest due to their significance for the phar-
maceutical and food industry.2,3

The discovery of new antibacterial compounds is of great
importance because of the continuing global concerns about
antibiotic resistance. There is a need to develop new antimicro-
bials and alternatives that could reduce the development and
spread of antibiotic resistance among bacterial pathogens.4

Thus, numerous pure phytochemicals and/or fractions have
been assessed and recommended as antimicrobial agents for
diverse purposes.5 It is noteworthy that several patents have

been registered for the isolation and commercialization of
natural products as antimicrobial compounds.6 Phenolic com-
pounds, alkaloids, saponins, terpenoids, iridoids, and glucosino-
lates are some of the phytochemical groups that are linked with
antibacterial activity.

Diabetes mellitus is the most common endocrine disorder
resulting from a defect in insulin secretion, insulin resistance,
or both. It is the third leading cause of morbidity and mortality,
after heart attack and cancer.7 Although synthetic drugs are
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mainly used for the amelioration of the altered glycaemic status
in diabetic subjects, the utilization of natural products for the
treatment of diabetes and associated conditions has been
adopted in various healthcare systems around the globe. Besides
in vivo studies, many clinical trials also support the antidiabetic
effects of natural products and/or pure compounds.8 The reduc-
tion of the post-prandial glucose levels through inhibition of the
degradation of the oligo and disaccharides is one of the therapeutic
strategies. The inhibition of carbohydrate-hydrolyzing enzymes
such as α-amylase and α-glucosidase is essential to control post-
prandial glucose levels as they are responsible for the digestion
of starch and glycogen.9 Flavonoids, alkaloids, terpenoids, anthocy-
anins, glycosides, and phenolic compounds are found to act as
enzyme inhibitors with an inhibitory effect comparable to acar-
bose, a well-known anti-diabetic drug.9

Polyphenols or phenolic compounds constitute one of the
most numerous and widely distributed groups of substances in
the plant kingdom and are closely related to the antibacterial and
antidiabetic activity of several cultivated and wild plants.10,11

They are an inexhaustible reservoir of successful drug leads
derived from Earth’s biodiverse flora. As it is well known that
more than 95% of the world’s biodiversity has not been evaluated
for any biological activity, screening wild and native plants for new
bioactive compounds is a challenging perspective.6

Cyprus is the third largest island of the Mediterranean basin
and is very privileged from the floristic point of view as it exhib-
its great biodiversity in its flora compared to other European
countries, as it is located at the crossroads of three continents.
Furthermore, there is accumulated knowledge on the use of
plant materials to treat or prevent several diseases, as several
ethnic groups left their cultural traces on the island. Thus, the
objective of the present work was to evaluate the antibacterial
and carbohydrate digestive enzyme inhibitory effects of native
edible plants from Cyprus, which are consumed for medicinal
and culinary purposes. The study includes unexplored plant
materials as well as plants that have been studied in other geo-
graphical regions.

Results and Discussion

Twelve edible native plants grown in Cyprus were harvested and
studied in the present work. As Table 1 shows caper, silver thistle,
crown daisy, and tuberous hawkbit are utilized for culinary purposes,
whereas field marigold, wild clary, Greek mountain tea, and white
mustard are usually consumed as decoction/infusion for health ben-
efits. In addition, common mallow, oregano, rosemary, and vine
leaves are consumed for both health effects and culinary purposes.
For all selected plants, there are previous studies supporting their
antimicrobial and/or antidiabetic effects. Apart from silver thistle,
all plants have antibacterial and/or antifungal activities. Regarding
their antidiabetic effects, there are mainly in vitro and ethnopharma-
cological studies supporting the potency of plants to treat diabetes
and related conditions. Although the biological activities of some
of the plants have been well-studied, the antibacterial and carbohy-
drate digestive enzyme inhibitory effects of plants grown in Cyprus

were investigated for the first time. Cyprus is an isolated ecosystem
that has an intense Mediterranean climate with prolonged hot
summer.12 It is expected that the combined drought and high tem-
peratures induce secondary metabolism in plants to biosynthesize
higher amounts of bioactive phytochemicals.13 On the other hand,
there are plant species such as Carduus argentatus ssp. Acicularis,
Origanum dubium Boiss, Salvia verbenaca L, and Sideritis perfoliata L
belong to well-known plant families, for which there is limited infor-
mation on their composition and biological effects due to their
restricted geographical distribution. All plants tested were unculti-
vated native plants except grapevine leaves, which were harvested
from a local vineyard.

TPC and TFC of Plant Extracts

At first, the TPC and TFC of the extracts were determined, as phe-
nolic compounds are widely distributed in plants and are correlated
with their antibacterial and antidiabetic effects.10,11 The results
demonstrated that polar solvents, namely water and methanol,
recovered the highest amounts of phenolics compared to
acetone and hexane (Figure 1). More specifically, TPC ranged
from 41.48± 0.68 mg gallic acid equivalent (GAE) g−1 to
483.54± 11.82 mg GAE g−1 for aqueous extracts, from 35.40±
2.81 mg GAE g−1 to 259.05± 4.06 mg GAE g−1 for methanolic
extracts, from 9.42± 0.24 mg GAE g−1 to 82.02± 1.35 mg GAE
g−1 for acetonic extracts, and from 2.26± 0.34 mg GAE g−1 to
56.06± 0.36 mg GAE g−1 for hexanic extracts. The superiority
of polar solvents to extract phenolic compounds from plant
tissues has been thoroughly reported in the literature.48 Among
the plants examined, rosemary, wild sage, and capper had the
highest phenolic contents in medium to high-polarity solvents,
whereas the richest medium to low-polarity extracts came from
oregano, rosemary, and capper. On the other hand, field marigold,
silver thistle, and tuberous hawkbit had the lowest phenolic con-
tents. Finally, results demonstrated the impact of the solvent on
the extraction efficacy; Figure 1 reveals the appropriate solvent
for each plant for extracting phenolic compounds.

Flavonoids are the main subgroup of polyphenols associated
with the antidiabetic potency of plants.49 Figure 2 demonstrates
a great diversity in TFC values for the plants examined; TFCs
ranged between 4.11± 0.10 mg catechin equivalent (CE) g−1

and 394.64± 6.92 mg CE g−1. The results showed that the
lowest recovery of flavonoids was achieved when hexane was
used for the ultrasonic extraction of plant materials. Similar to
TPCs, oregano, rosemary, and capper extracts contain the
highest concentration of flavonoids. Our findings provide
useful information for the selection of appropriate solvents
for recovery of flavonoids and a knowledge base of TPCs
and TFCs for wild edible plants grown in Cyprus.

Antibacterial Potency of Plant Extracts

The antibacterial potential of twelve edible plants grown in
Cyprus was determined and presented in Table 2. In general,
plant extracts showed higher bactericidal activity against
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Gram-positive bacteria rather than Gram-negative ones. It is
well documented that plant-derived compounds have little or
no inhibitory activity against Gram-negative bacteria, whereas
they have significant activity against Gram-positive bacteria.50

However, noteworthy susceptibility of tested bacteria was
found among Gram-positive bacteria. The growth of S. aureus
was effectively inhibited by ten plants. All hexanic extracts of
active plants had notable antibacterial activity. Significant bacter-
icidal activities were also determined for acetonic extracts of
plants. On the other hand, all aqueous extracts had a weak
inhibitory effect (minimum bactericidal concentration, MBC>
2500 µg mL−1) against S. aureus, while only methanolic extracts
of rosemary, oregano, and Greek mountain tea inhibited the
growth of the bacterium. These three plants belong to the
Lamiaceae family, and it is known that oregano and rosemary
share similar phytoconstituents. A similar trend was observed
for B. cereus; the hexanic and acetonic extracts showed potent
bactericidal activity. Among the plants, the potential of rose-
mary, oregano, and grapevine leaves was distinguished.
Finally, the majority of plant extracts were inefficient to
inhibit the growth of L. monocytogenes. Apolar and medium-polar
extracts of rosemary and grapevine leaves had strong bacterici-
dal activity. The anti-Listeria potential of rosemary is well doc-
umented and is correlated with essential oils, carnosic acid, and
flavonoids such as luteolin, etc.51,52 The potency of grapevine
leaves to act as anti-Listeria factor was previously described
for different grape varieties. This potential is probably linked
to the presence of stilbenes and phenolic acids.53

The plant extracts were inefficient to inhibit the growth of
Gram-negative bacteria. Unfortunately, the tested plants had
no bactericidal activity against S. enterica and E. coli, although
inhibitory effects of some plants were observed (data not
shown). Nevertheless, the results revealed a promising bacteri-
cidal activity against C. sakazakii; seven of the plants studied dis-
played a potent inhibitory effect. Similar to Gram-positive
bacteria, the most active extracts were produced by the use of
hexane and acetone as extractor medium. Furthermore, only
the methanolic extracts of rosemary, oregano, and grapevine
leaves had the ability to extinguish C. sakazakii bacteria. This
activity of grapevine leaf extract is demonstrated for the first
time. Regarding Origanum dubium, information is only available
for other oregano species; its ability is mainly attributed to the
thymol, which destroys the bacterial membrane and decreases
the intracellular adenosine triphosphate concentration.54

MBC values provide a valuable classification of studied edible
plants. The most active plants were rosemary and grapevine
leaves. Although the antibacterial potency of rosemary has been
well studied, the corresponding potency of grapevine leaves
from a native grape variety called “Mavro” was estimated for
the first time. A group of six plants, namely field marigold,
capper, silver thistle, crown daisy, oregano, and Greek mountain
tea had a bactericidal activity against three tested bacteria (B.
cereus, S. aureus, and C. sakazakii). It is noteworthy that the antibac-
terial activity of silver thistle against any bacteria is reported for the
first time. Among these plants, this oregano species had the mostT
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robust antibacterial activity as its extracts had MBC values of
500 µg mL−1. In addition, tuberous hawkbit and common
mallow had bactericidal activity only against S. aureus, while wild
clary and white mustard leaves cannot eliminate any tested bacteria
at a concentration of 2000 µg mL−1. A moderate inhibitory effect
of these plants was found against S. aureus, B. cereus, and C. sakaza-
kii (data not shown). The determination of antibacterial activity
using three specific concentration levels allowed us to screen a
large number of extracts pinpointing the most promising extract(s),
but it provides an estimation of their MBC. However, the determi-
nation of MBC instead of minimum inhibitory concentration over-
comes this drawback since it fishes the extract that can inhibit the
growth bacteria at a decent concentration.

Inhibitory Effect of Plant Extracts on Carbohydrate Digestive
Enzymes

The inhibitory activity of all plant extracts on diabetes-related
enzymes was previously assessed by in vitro and in vivo studies
(Table 1). The serial exhaustive extraction method using a

solvent of increasing polarity, from non-polar (hexane) to polar
(water), was used to prepare crude extracts to focalize to the
active components. Thus, the inhibition of the extracts on the
enzymes was studied for each solvent separately. Results show
that all plants had higher inhibitory effect against α-glucosidase
compared to the α-amylase enzyme (Figure 3a). The % inhibitory
activity of the hexanic extracts fluctuated from 20.29± 0.76% to
87.82± 0.54% for α-glucosidase, while a weak inhibition was
found against α-amylase enzyme (1.96± 0.66-13.44± 2.04%). It
is obvious that hexanic extracts cannot be considered as potential
α-amylase inhibitors. On the other side, the hexanic extracts of
rosemary and vine leaves had a potent inhibitory effect against
the α-glucosidase enzyme. Recently, carnosol, a diterpene abun-
dant in the hexanic extract of rosemary, was identified as a
potent α-glucosidase inhibitor.55 Regarding vine leaves, informa-
tion is available only for polar extracts of grape skins and
seeds.56,57 Thus, the assessment of α-glucosidase inhibitory activity
of hexanic extract components has to be further studied in order
to identify the active constituents.

Figure 1. Total phenolic contents of extracts derived from twelve native plants grown in Cyprus. Results were expressed as mg gallic acid
equivalent (GAE) g−1 material. The data is indicated as the mean± SD. Different letters indicate statistically significant differences in contents (P<
0.05, Duncan’s test).
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Subsequently, the inhibition activity of acetonic extracts was
determined. Acetone is more polar than hexane, so the extracts
are expected to contain medium-polar phytochemicals. The
results demonstrated a similar trend for the acetonic and
hexanic extracts (Figure 3(a) and (b)). The α-amylase inhibition
activity of all acetonic extracts was less than 33.02%. Their
α-glucosidase inhibitory activity values ranged from 14.78±
0.37% to 98.96± 0.52%. Indisputably, the acetonic extract of
rosemary was an effective α-glucosidase inhibitor as its inhibi-
tion activity reached nearly 99%. This activity is possibly corre-
lated with the presence of carnosol, rosmanol, and carnosic
acid, as acetone is considered a suitable solvent for their recov-
ery.58 Results also showed that vine leaves, common mallow,
and caper presented a medium inhibitory activity against the
α-glucosidase enzyme. It is rather difficult to isolate an active
constituent of pharmacological importance, but our findings
support an additional nutraceutical value for three edible plants.

The utilization of methanol produces the most common
plant extracts in the field of natural products research as it
can simultaneously recover different classes of phytochemicals.
According to our results, the most active extracts for inhibiting

α-glucosidase were produced from vine leaves, caper, and wild
clary (Figure 4(a)). The potent activities of caper and wild sage
are probably related to their high content of phenolic com-
pounds and flavonoids (Figures 1 and 2). Regarding the
α-amylase assay, the highest activity was found for crown
daisy, followed by field marigold and vine leaves. It is interesting
that capper and wild clary had the weakest inhibition activity
against α-amylase enzyme, while both plants exerted remarkable
anti-α-glucosidase activity.

The inhibitory effect of aqueous extracts varied greatly as
their % inhibition value ranged from 0.51% to 40.06% for
α-amylase and from 0.70% to 83.12% for α-glucosidase,
respectively. In contrast to other solvents, a close correlation
was found between the two enzyme assays (r= 0.718).
Unambiguously, the potential of vine leaf extract was great as
it possessed significant inhibition on both digestive enzymes.
Its activity is likely related to the presence of flavonoid gluco-
sides as glycosylated derivatives of quercetin and kaempferol.58

Previous work also highlighted that glycosylated flavonoids are
more active than aglycone ones.56 In addition to grapevine
leaves, the aqueous extract of rosemary had noteworthy

Figure 2. Total flavonoid contents of extracts derived from twelve native plants grown in Cyprus. Results were expressed as mg catechin equivalent
(CE) g−1 material. The data is indicated as the mean± SD. Different letters indicate statistically significant differences in contents (P<0.05,
Duncan’s test).

Christou et al. 5



inhibitory activity against α-glucosidase and α-amylase. Greek
mountain tea and tuberous hawkbit also acted reasonably as
inhibitors of both digestive enzymes.

Results demonstrated the usefulness of the serial extraction
method using solvents of increasing polarity to evaluate the

inhibitory effects of edible plants against digestive enzymes.
The use of a single extraction solvent may give an incorrect esti-
mation of the plant’s potential. Although the inhibitory effects of
extracts against carbohydrate digestive enzymes were deter-
mined at specific concentration level due to the plethora of

Table 2. Minimum Bactericidal Concentration (MBC, mg mL−1) of Hexanic, Acetonic, Methanolic, and Aqueous Extracts of Twelve Edible,
Native Plants Grown in Cyprus Against Six Bacteria.

Scientific name Solvent

Gram-positive bacteria Gram-negative bacteria

Bacillus
cereus

Listeria
monocytogenes

Staphylococcus
aureus

Escherichia
coli

Salmonella
enterica

Cronobacter
sakazakii

Calendula arvensis L. Hexane >2000 >2000 1000 >2000 >2000 >2000
Acetone 1000 >2000 1000 >2000 >2000 1000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Carduus argentatus ssp.
Acicularis

Hexane 1000 >2000 500 >2000 >2000 1000
Acetone 1000 >2000 >2000 >2000 >2000 1000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Capparis spinosa L. Hexane 1000 >2000 500 >2000 >2000 1000
Acetone >2000 >2000 1000 >2000 >2000 >2000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Glebionis coronaria L. Hexane >2000 >2000 1000 >2000 >2000 >2000
Acetone 1000 >2000 1000 >2000 >2000 1000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Leontodon tuberosus L. Hexane >2000 >2000 1000 >2000 >2000 >2000
Acetone >2000 >2000 1000 >2000 >2000 >2000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Malva sylvestris L. Hexane >2000 >2000 1000 >2000 >2000 >2000
Acetone >2000 >2000 1000 >2000 >2000 >2000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Origanum dubium Boiss Hexane >2000 >2000 1000 >2000 >2000 >2000
Acetone 500 >2000 >2000 >2000 >2000 500
Methanol >2000 >2000 500 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Rosmarinus officinalis L Hexane 500 >2000 500 >2000 >2000 500
Acetone 500 500 500 >2000 >2000 500
Methanol 1000 1000 1000 >2000 >2000 1000
Water >2000 >2000 >2000 >2000 >2000 >2000

Salvia verbenaca L. Hexane >2000 >2000 >2000 >2000 >2000 >2000
Acetone >2000 >2000 >2000 >2000 >2000 >2000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Sideritis perfoliata L. Hexane 1000 >2000 500 >2000 >2000 1000
Acetone 1000 >2000 500 >2000 >2000 >2000
Methanol 1000 >2000 500 >2000 >2000 1000
Water >2000 >2000 >2000 >2000 >2000 >2000

Sinapis alba L. Hexane >2000 >2000 >2000 >2000 >2000 >2000
Acetone >2000 >2000 >2000 >2000 >2000 >2000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000

Vitis vinifera L. Hexane 500 1000 500 >2000 >2000 500
Acetone 1000 >2000 1000 >2000 >2000 >2000
Methanol >2000 >2000 >2000 >2000 >2000 >2000
Water >2000 >2000 >2000 >2000 >2000 >2000
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Figure 3. The percent α-glucosidase and α-amylase inhibition (%) of hexanic (A) and acetonic (B) extracts derived from twelve native plants.
The data is indicated as the mean± SD. Different letters indicate statistically significant differences in contents (P< 0.05, Duncan’s test).
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Figure 4. The percent α-glucosidase and α-amylase inhibition (%) of methanolic (A) and aqueous (B) extracts derived from twelve native plants
grown in Cyprus. The data is indicated as the mean± SD. Different letters indicate statistically significant differences in contents (P< 0.05,
Duncan’s test).
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extracts, the present study delivers interesting findings. In partic-
ular, it demonstrates for the first time the inhibition activity of
Carduus argentatus ssp. acicularis, Leontodon tuberosus L., Origanum
dubium Boiss., and Sinapis alba L. As it is mentioned above, rose-
mary had strong-α-glucosidase inhibitory effect; its potency is
correlated with non-polar and medium-polar compounds. The
potential of acetonic and hexanic extracts of rosemary is higher
in comparison with previously published data.36 The difference
can be attributed to the bioactive composition of rosemary
grown wildly in Cyprus and to different extraction conditions.
Grapevine leaves, widely consumed in Cyprus and the
Mediterranean basin, also act as potent inhibitors of digestive
enzymes. Their extracts presented an inhibition of 79.26±
1.84% for α-glucosidase and 83.12± 1.94% for α-amylase.
The phytochemical composition of grapevine leaves is known,
but there is inadequate information on their active constituents.
Regarding caper, our findings confirmed the existing literature
on their inhibitory effects on digestive enzymes. The estimated
anti-α-amylase activity is comparable with previous studies,
while the potential to act as an α-glucosidase inhibitor was
higher than in previous work.59 Wild clary (Salvia verbenaca L),
Greek mountain tea (Sideritis perfoliata L), and tuberous hawkbit
(Leontodon tuberosus L) also produced extracts with notable poten-
tial to inhibit the activity of digestive enzymes. The inhibition
activity of wild clary was comparable to a previous study60; no
data are available on its active constituents. Published works
for common sage (Salvia officinalis L.) and other common Salvia
species correlated their inhibitory effect with thymol and carva-
crol for apolar extracts and rosmarinic acid for alcoholic
extracts.40,61 The present work also assessed the inhibitory
effect of relatively unstudied Sideritis species on digestive
enzymes. The potential of Sideritis perfoliata L. to act as an inhib-
itor for α-glucosidase was analogous to that of Sideritis trojana
Bornm and more active than Sideritis libanotica L.62,63Finally, the
results revealed that tuberous hawkbit is an unexplored plant
with promising potential. Especially, its anti-α-glucosidase activ-
ity and bioactive composition need to be further studied.

Conclusions

This is the first report showing the antibacterial and carbohy-
drate digestive enzyme inhibitory effects of edible native
plants from Cyprus. The present study provides insight into
the antibacterial and in vitro antidiabetic activity of a variety
of extracts from different plants utilized for medicinal and/or
culinary purposes in Cyprus. Results contribute to the
ongoing scientific investigation on the application of plant
extracts as anti-bacterial and antidiabetic agents for the food
and pharmaceutical industry. Furthermore, it delivers useful
data for the nutraceutical potential of commonly consumed
plants. Results also classify the plants based on their ability to
inhibit the activity of two carbohydrate digestive enzymes
related to diabetes. More specific, capper, rosemary, silver
thistle, and vine leaf can be considered as valuable sources of
α-glucosidase inhibitors; whereas their inhibitory effect

against α-amylase is not promising. Mountain tea, oregano,
rosemary, and vine leaf extracts had significant bactericidal
potential against Gram-positive bacteria at a decent concentra-
tion. Based on these findings, further purification and testing of
the effective plants are recommended to identify the major
active ingredients responsible for the antibacterial and antidia-
betic activity of these extracts.

Materials and Methods

Chemicals and Reagents

All chemicals were of analytical reagent grade. Hexane, dimethyl
sulfoxide (DMSO), gallic acid, sodium nitrite (NaNO2), alumi-
num chloride (AlCl3), sodium dihydrogen phosphate anhydrous
(NaH2PO4), disodium hydrogen phosphate dodecahydrate
(Na2HPO4×12H2O), and soluble starch were purchased from
Scharlau Chemie (Barcelona, Spain). Acetone and methanol
were acquired from Honeywell (Charlotte, North Carolina,
USA). Folin–Ciocalteu reagent, sodium carbonate (Na2CO3),
catechin, p-nitrophenyl-α-D-glucopyranoside (PNG), and
3,5-dinitrosalicylic acid (DNS) were obtained from
Sigma-Aldrich (Steinheim, Germany). Sodium hydroxide
(NaOH) and sodium chloride (NaCl) were obtained from
Merck (Darmstadt, Germany). The enzymes α-glucosidase
from Saccharomyces cerevisiae (maltase, 123 U/mg) and α-amylase
from porcine pancreatic (75 000 U/g) were acquired from
Megazyme (Sydney, Australia).

Plant Materials

Twelve native and edible plants, namely Calendula arvensis L.
(C-0001), Capparis spinosa L. (C-0006), Carduus argentatus ssp.
Acicularis (C-0002), Glebionis coronaria L. (G-0001), Leontodon tubero-
sus L. (L-0001),Malva sylvestris L. (M-0001),Origanum dubium Boiss.
(O-0004), Rosmarinus officinalis L. (R-0001), Salvia verbenaca L.
(S-0004), Sideritis perfoliata L. (S-0003), Sinapis alba L. (S-0001), and
Vitis vinifera L. (V-0001), were collected from the Limassol
District of Cyprus and identified by Dr Nikolaos Nikoloudakis.
Upon their collection, the plants were dried in an oven at 40°C
for 3 days. Dried samples were then ground to a fine powder
using an electric grinder Sage BCG820BSSUK (Breville Group
Limited, Sydney, Australia). All plant materials were deposited in
the department’s herbarium.

Preparation of Plant Extracts

Plant extracts were prepared by mixing approximately 5 g of dry
powdered material with 30 mL of each solvent in the following
order: hexane, acetone, methanol, and water. The obtained
mixture was then placed in an ultrasonic bath (UCI-50,
35 KHz, Raypa-R. Espinar, S.L., Terrassa, Spain) and sonicated
for 60 min. The temperaturewas set at 60°Cwhen hexane,meth-
anol, and water were used as the extraction solvents, while in the
case of acetone, the temperature was reduced to 40°C. After the
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ultrasound treatment of the sample, it was allowed to cool at
room temperature and then centrifuged for 10 min at
2500 rpm. The supernatant was collected and the remaining
solid was extracted again with the next solvent, according to
the solvent sequence described above. In this way, fractions of
different polarities were collected. The obtained extracts were
dried and stored at −20°C, until further analysis. Five replicates
were performed for each extraction.

Determination of TPC and TFC

TPC of the plant extracts was determined using a 96-well
microplate Folin–Ciocalteu method.64 Prior to spectrophoto-
metric analysis, the extracts were redissolved in 20% (v/v)
DMSO and filtered through a 0.45-μm membrane filter to
remove any insoluble particles. Then, 20 μL of extract solution
was mixed with 100 μL of Folin–Ciocalteu reagent (1:4 v/v
diluted with water), and the mixture was shaken for 1 min in
a flat-bottom 96-well microplate. The mixture was allowed to
stand for 4 min and then 75 μL of a saturated solution of
sodium carbonate (100 g L−1) was added. The obtained
mixture was shaken for 1 min and then allowed to stand in
the dark at room temperature for 2 h. The absorbance of the
reaction mixture was then measured at 750 nm using a
Thermo Scientific Multiskan GO spectrophotometer
(ThermoFisher Scientific, MA, USΑ). Gallic acid was used as
a standard for calibration, and total phenolics were expressed
as mg GAE per g of dry extract.

TFC of the extracts was investigated using the aluminum
chloride colorimetry method.65 Briefly, 25 μL of each extract
was mixed with 100 μL of distilled water and 10 μL of a 50 g
L−1 sodium nitrite solution in a flat-bottom 96-well microplate.
After waiting for 5 min, 15 μL of AlCl3 solution (100 g L

−1) was
added to the reaction mixture. Then after waiting for another
6 min, aliquots of 50 μL of NaOH solution (1 mol L−1) and
50 μL of distilled water were added and the reaction mixture
was shaken for 30 s. The absorbance of the mixture was mea-
sured at 510 nm using a Thermo Scientific Multiskan GO spec-
trophotometer. Catechin was used as the reference standard,
and TFC values were expressed as mg CE per g of dry extract.

Assessment of Antibacterial Potency of Plant Extracts

The bacteria used for this study were three Gram-positive bacte-
ria: Listeria. monocytogenes ATCC 23074 (serotype 4b),
Staphylococcus aureus ATCC 6538, Bacillus cereus ATCC 6089 and
three Gram-negative bacteria: Salmonella enterica subsp. enterica
serovar Enteritidis NCTC 5188, Escherichia. coli ATCC 11775, and
Cronobacter sakazakii ATCC 29544. L. monocytogenes ATCC
23074 (serotype 4b) was grown in Listeria Agar obtained from
Merck® (Germany), S. aureus ATCC 6538 was grown in Baird
Parker Agar obtained from Liofichem® (Italy), B. cereus ATCC
6089 was grown in Mannitol Egg Yolk Polymyxin (MYP) Agar
obtained from Merck® (Germany), S. enterica subsp. enterica
serovar Enteritidis NCTC 5188 was grown in xylose lysine

deoxycholate (XLD) agar obtained from Merck® (Germany),
E. coli ATCC 11775 was grown in tryptone bile glucuronic
(TBX) agar obtained fromMerck® (Germany), and C. sakazakii
was grown in sakazakii agar obtained from Merck® (Germany).
All grown bacteria plates were stored at 4°C and re-inoculated
weekly to remain fresh before each use. For the experiments,
one colony of each of the bacteria was inoculated into 10 mL
Brain heart infusion (BHI) broth obtained from HIMEDIA®
(India) and incubated at 37°C. Antimicrobial susceptibility test
was performed using the broth microdilution method with
some modifications.66 Briefly, 50 μL of each plant extract was
transferred, in triplicate, in a 96-well plate. An aliquot of 40μL
of BHI broth and 10 μL of microbial suspension were added
to reach a final volume of 100 μL in each well. The final concen-
tration of the plant extracts in the wells was 2000, 1000, and 500
μg mL−1. Microbial suspensions were adjusted so that the final
concentration in the wells was 106 cfu mL−1. Screening for bac-
tericidal activity of plant extracts was evaluated as described by a
previous study,67 with some modification, by adding 10 μL of
each well in BHI Agar plates, and the results were extracted
after incubation for 24 h at 37°C. Controls of 10%, 5%, and
2.5% v/v DMSO and microbial cultures were also tested.
Stock solutions of 10 mg mL−1 for each plant extract were pre-
pared using DMSO as a diluent. Aqueous and methanolic
extracts were prepared in 50% v/v DMSO while hexanic and
acetonic extracts in pure DMSO. Stock solutions were further
diluted using water to prepare working solutions.

Assessment of the Inhibitory Effect of Plant Extracts on
Carbohydrate Digestive Enzymes

In brief, a mixture containing the extract solution (100 μL,
0.5 mg mL−1) and 50 μL of 0.1 mM phosphate buffer (pH=
6.8) containing a-glucosidase (1.0 U mL−1) was prepared and
incubated at 37°C. After 10 min of incubation, 50 μL of
PNG (5 mM in 0.1 mM phosphate buffer, pH= 6.8) was
added and the reaction mixture was allowed to stand for
5 min. Finally, the absorbance of the mixture was measured at
405 nm against a blank solution where PNG was replaced
with buffer. Control which represents 100% enzyme activity
was prepared by replacing the extract solution with 20% (v/
v) DMSO. Results were expressed as % inhibitory activity of
the extracts compared to the control.68

The α-amylase inhibitory activity of the extracts was deter-
mined using the DNS colorimetric method.69 Briefly, 100 μL
of the extract solution (10 mg mL−1 in 20% v/v DMSO) was
mixed with 100 μL of α-amylase solution (2 U mL−1 in
20 mM sodium phosphate containing 6.7 mM NaCl, pH 6.9)
and the resulting mixture was incubated at 35°C for 10 min.
Then, 200 μL of the substrate solution (soluble starch, 1%
w/v in the same buffer) was added and the reaction mixture
was incubated at 35°C for 20 min. Finally, the reaction was ter-
minated by adding 200 µL of DNS reagent. The mixture was
then boiled for 10 min, cooled down, and diluted appropriately
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(1:10 with water) before its analysis at 540 nm. The absorbance
of the reaction mixture was measured against a blank sample
containing the extract solution, starch solution, and DNS
(without enzyme). Results were expressed as % inhibitory activ-
ity of the extracts compared to the control.

Statistical Analysis

All experimental assays were performed in triplicate. The results
obtained were expressed as mean values± standard deviation
(SD). The means were compared and statistical differences
were obtained through one-way ANOVA followed by
Duncan’s multiple range test at a 95% confidence level. The dif-
ferences between individualmeans were considered significant at
P<0.05. All statistical analyses were performed using RStudio
statistical software (version 1.3.1073).
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