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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 putposes.
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 a-glucosidase and
a-amylase, were also determined. Results demonstrated a substantial diversity in TPC (2.3-483.5 mg gallic acid equivalent g_l) and
TEC (4.1-394.6 mg catechin equivalent g~') of the plant extracts; a great impact of solvent was found. Furthermore, potent anti-
bacterial activity (minimum bactericidal concentration <500 ug ml™") of cappet, mountain oregano, rosemary, silver thistle, and
vine leaf extracts against Gram-positive bacteria was determined. Regarding carbohydrate digestive enzyme inhibitory effects, the
inhibition of a-glucosidase enzyme is higher than 80%, when rosemary, silver thistle, and vine leaf extracts are used at a concentra-
tion of 500 pg g~ 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 been registered for the isolation and commercialization of

) natural products as antimicrobial compounds.® Phenolic com-

Natural products extracted from plants, either as pute com- ds. alkaloid . ids_iridoids. and o .
ounds or fractions, provide countless health effects owing to pounds, aalolds, Saponins, [EPEnoIcs, Iridolds, and gucosino-
P ) P o ) s lates are some of the phytochemical groups that are linked with

antibacterial activity.
Diabetes mellitus is the most common endocrine disorder

their chemical diversity. Plant extracts have shown considerable
potential in a range of applications in the food industry, phat-

. .1 . . .
maceutics, and cosmetics.” Among biological effects, the anti- . L S .
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.” Although synthetic drugs are

microbial and antidiabetic potency of natural products have
attracted scientific interest due to their significance for the phat-
maceutical and food industry.””

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.”
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
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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 vatious healthcare systems around the globe. Besides
in vivo studies, many clinical trials also support the antidiabetic
effects of natural products and/ot pure cornpouncl's.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 a-amylase and o-glucosidase is essential to control post-
prandial glucose levels as they are responsible for the digestion
of starch and glycogen.() 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,’

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.'""
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 wotld’s biodiversity has not been evaluated
for any biological activity, screening wild and native plants for new
bioactive compounds is a challenging perspective.®

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
mustatd ate 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
antimictobial and/or antidiabetic effects. Apart from silver thistle,
all plants have antibactetial 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 ime. Cyprus is an isolated ecosystem
that has an intense Mediterranean climate with prolonged hot
summer.'” It is expected that the combined drought and high tem-
peratures induce secondary metabolism in plants to biosynthesize
higher amounts of bioactive phytochemjcals.13 On the other hand,
there are plant species such as Carduus argentatus ssp. Acicnlaris,
Origanum dubinm Boiss, Salvia verbenaca 1., and Sideritis perfoliata 1.
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 TEC 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.'™"" 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™ to
483.54+11.82 mg GAE g~ for aqueous extracts, from 35.40 +
2.81 mg GAE g~ to 259.05 +4.06 mg GAE g~ for methanolic
extracts, from 9.42 + 0.24 mg GAE g_l to 82.02+1.35 mg GAE
¢! for acetonic extracts, and from 2.26 +0.34 mg GAE g to
56.06 +0.36 mg GAE g~ for hexanic extracts. The superiority
of polar solvents to extract phenolic compounds from plant
tissues has been thoroughly reported in the literature,*® 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.*’ 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~'
and 394.64+6.92 mg CE g~'. 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
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bactericidal activity. Among the plants, the potential of rose-
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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.’? 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.”

The plant extracts were inefficient to inhibit the growth of
Gram-negative bacteria. Unfortunately, the tested plants had
no bactericidal activity against S. enferica and E. colz, although

and culinary purposes
Aerial patts are used for the preparation decoction/infusion
and culinary purposes
Aerial patts are used for the preparation decoction/infusion
Aerial parts are used for the preparation of infusion/decoction
Aerial parts are used for the preparation of infusion/decoction

and culinary purposes
Aerial patts are used for the preparation decoction/infusion

inhibitory effects of some plants were observed (data not
shown). Nevertheless, the results revealed a promising bacteri-
cidal activity against C. sakazakis; seven of the plants studied dis-

Aerial parts are used for culinary purposes
Aerial parts are used for culinary purposes
Aetial parts are used for culinary purposes
Aerial parts are used for the preparation decoction/infusion

played a potent inhibitory effect. Similar to Gram-positive
bacteria, the most active extracts were produced by the use of

Leaves, flowers, and buds are used for culinary purposes

hexane and acetone as extractor medium. Furthermore, only

Aerial parts are used for the preparation of infusion/decoction
Leaves ate used for the preparation decoction/infusion and
culinary purposes

Edible parts and consumption mode

the methanolic extracts of rosemary, oregano, and grapevine
leaves had the ability to extinguish C. sakazakii bacteria. This

Table 1. Information about Names, Edible Parts, Consumption Mode, Antimicrobial and Antidiabetic Effects of Twelve Studied Plants.

ol . é E . activity of grapevine leaf extract is demonstrated for the first

El % L 2L Té, e g F XE g time. Regarding Origanum dubinm, information is only available

z § gt ol 5 £ E ERR for other oregano species; its ability is mainly attributed to the

g -©C 2 g 5 g 35 é § § L > thymol, which destroys the bacterial membrane and decreases
g L}% 7 O —§ % = § the intracellular adenosine triphosphate concentration.”*

“ B MBC values provide a valuable classification of studied edible

- plants. The most active plants were rosemary and grapevine

3 leaves. Although the antibacterial potency of rosemary has been

3 well studied, the corresponding potency of grapevine leaves

1 ) g from a native grape vatety called “Mavro” was estimated for

:i g 2 i g ) < '§ - i the ﬁrst'ume. A group of SIIX plants, namely field mangolfi,

g 2 3 § § s E § 2 3 ~§ e cappert, silver thistle, crown daisy, oregano, and Greek mountain

gl g % % 5 E E 3 é\ § ;;T s B tea had a bactericidal activity against three tested bacteria (B.

é ;§ .§ § g % = § 8 S = E § cerents, S. anrens, and C. sakazaki). It is noteworthy that the antibac-

8] £ & 3 S 3 \i S § 3 E § RS terial activity of silver thistle against any bacteria is reported for the

FISSSTIE S =& S&8R first ime. Among these plants, this oregano species had the most



Natural Product Communications

m Water

500

400

350

300

250

Total Phenolic Content (mg GAE g)

200

150

100

®m Methanol

H Acetone Hexane

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_l material. The data is indicated as the mean + SD. Different letters indicate statistically significant differences in contents (P <

0.05, Duncan’s test).

robust antibacterial activity as its extracts had MBC values of
500 pg mL™" In addition, tuberous hawkbit and common
mallow had bactericidal activity only against . aurens, while wild
clary and white mustard leaves cannot eliminate any tested bacteria
at a concentration of 2000 ug mI.~". A moderate inhibitory effect
of these plants was found against S. aurens, B. cereus, and C. sakaza-
ki (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.

Inbibitory Effect of Plant Extracts on Carbobydrate 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 o-glucosidase
compared to the a-amylase enzyme (Figure 3a). The % inhibitory
activity of the hexanic extracts fluctuated from 20.29 +0.76% to
87.82+0.54% for a-glucosidase, while a weak inhibition was
found against a-amylase enzyme (1.96 £ 0.66-13.44 & 2.04%). It
is obvious that hexanic extracts cannot be considered as potential
o-amylase inhibitors. On the other side, the hexanic extracts of
rosematy and vine leaves had a potent inhibitory effect against
the a-glucosidase enzyme. Recently, carnosol, a diterpene abun-
dant in the hexanic extract of rosemary, was identified as a
potent a-glucosidase inhibitor.” Regarding vine leaves, informa-
tion is available only for polar extracts of grape skins and
seeds.”™” Thus, the assessment of a-glucosidase inhibitory activity
of hexanic extract components has to be further studied in order
to identify the active constituents.
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Figure 2. Total flavonoid contents of extracts derived from twelve native plants grown in Cyprus. Results were expressed as mg catechin equivalent
(CE) g™" material. The data is indicated as the mean + SD. Different letters indicate statistically significant differences in contents (P < 0.05,

Duncan’s test).

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 a-amylase inhibition
activity of all acetonic extracts was less than 33.02%. Their
a-glucosidase inhibitory activity values ranged from 14.78 +
0.37% to 98.96 # 0.52%. Indisputably, the acetonic extract of
rosemary was an effective a-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
a-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

a-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
a-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 d-amylase enzyme, while both plants exerted remarkable
anti-a-glucosidase activity.

The inhibitory effect of aqueous extracts varied greatly as
their % inhibition value ranged from 0.51% to 40.06% for
a-amylase and from 0.70% to 83.12% for a-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.”
Previous work also highlighted that glycosylated flavonoids are
more active than aglycone ones.”® In addition to grapevine

leaves, the aqueous extract of rosemary had noteworthy
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Table 2. Minimum Bactericidal Concentration (MBC, mg mIfl) of Hexanic, Acetonic, Methanolic, and Aqueous Extracts of Twelve Edible,

Native Plants Grown in Cyprus Against Six Bacteria.

Gram-positive bactetia Gram-negative bacteria

Bacillus Listeria Staphylococcus Escherichia Salmonella Cronobacter

Scientific name Solvent cerens monocytogenes aurens coli enterica sakazakii
Calendula arvensis 1.. 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
Cardnus argentatus ssp. Hexane 1000 >2000 500 >2000 >2000 1000
Acicularis 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 1. 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 1. 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 sylestris 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 dubinm 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 1.. 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 1.. 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 1. 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 1. 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

inhibitory activity against ®-glucosidase and a-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
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Figure 3. The percent a-glucosidase and a-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 a-glucosidase and a-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
Carduns argentatus ssp. acicularis, Leontodon tuberosus 1., Origanum
dubium Boiss., and Sinapis alba .. As it is mentioned above, rose-
mary had strong-a-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.” 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 a-glucosidase and 83.12+1.94% for a-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-a-amylase activity is comparable with previous studies,
while the potential to act as an o-glucosidase inhibitor was
higher than in previous work.” Wild clary (Salvia verbenaca 1.),
Greek mountain tea (Sideritis perfoliata 1.), and tuberous hawkbit
(Leontodon tuberosus 1) 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 study®’; no
data are available on its active constituents. Published works
for common sage (Salvia officinalis 1..) and other common Salvia
species correlated their inhibitory effect with thymol and carva-
crol for apolar extracts and rosmarinic acid for alcoholic

4061 The present work also assessed the inhibitory

extracts.
effect of relatively unstudied Sideritis species on digestive
enzymes. The potential of Sideritis perfoliata 1. to act as an inhib-
itor for a-glucosidase was analogous to that of Sideritis trojana
Bornm and more active than Sideritis libanotica 1. Finally, the
results revealed that tuberous hawkbit is an unexplored plant
with promising potential. Especially, its anti-a-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
inhibitors; their inhibitory effect

a-glucosidase whereas

against a-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 (NaNO5), alumi-
num chloride (AlICl5), sodium dihydrogen phosphate anhydrous
(NaH,PO,), disodium hydrogen phosphate dodecahydrate
(Na,HPO4x12H,0), 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 (Na,CO3),
p-nitrophenyl-a-D-glucopyranoside  (PNG), and
3,5-dinitrosalicylic acid (DNS) obtained  from
Sigma-Aldrich ~ (Steinheim, Germany). Sodium hydroxide
(NaOH) and sodium chloride (NaCl) were obtained from
Merck (Darmstadt, Germany). The enzymes o-glucosidase
from Saccharomyces cerevisiae (maltase, 123 U/mg) and a-amylase
from potcine pancreatic (75 000 U/g) were acquired from

catechin,
were

Megazyme (Sydney, Australia).

Plant Materials

Twelve native and edible plants, namely Calendula arvensis 1.
(C-0001), Capparis spinosa L. (C-00006), Carduus argentatus ssp.
Acicutaris (C-0002), Glebionis coronaria L. (G-0001), Leontodon tubero-
sus L. (-0001), Malva sylvestris 1.. (M-0001), Origanun dubinm Boiss.
(O-0004), Rosmarinus officinalis 1.. (R-0001), Salvia verbenaca 1.
(S-0004), Sideritis perfoliata 1.. (S-0003), Sinapis alba 1.. (S-0001), and
Vitis vinifera 1. (17-0001), 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 temperature was setat 60°C when 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.®* Prior to spectrophoto-
metric analysis, the extracts wete redissolved in 20% (v/v)
DMSO and filtered through a 0.45-pm membrane filter to
remove any insoluble particles. Then, 20 pL of extract solution
was mixed with 100 pL 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 pL of a saturated solution of
sodium carbonate (100 g L") was added. The obtained
mixtute 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, USA). 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.® Briefly, 25 pL. of each extract
was mixed with 100 pL of distilled water and 10 pL. of 2 50 g
L.™! sodium nitrite solution in a flat-bottom 96-well microplate.
After waiting for 5 min, 15 pL. of AlCl; solution (100 g L") was
added to the reaction mixture. Then after waiting for another
6 min, aliquots of 50 pl. of NaOH solution (1 mol L") and
50 pL 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 aurens ATCC 6538, Bacillus cerens 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. aurens ATCC 6538 was grown in Baird
Parker Agar obtained from Liofichem® (Italy), B. cerens 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. ki ATCC 11775 was grown in tryptone bile glucuronic
(TBX) agar obtained from Metck® (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

66
some modifications.”

Briefly, 50 pL of each plant extract was
transferred, in triplicate, in a 96-well plate. An aliquot of 40pL
of BHI broth and 10 pL of microbial suspension were added
to reach a final volume of 100 pL in each well. The final concen-
tration of the plant extracts in the wells was 2000, 1000, and 500
pg mL.~". Microbial suspensions were adjusted so that the final
concentration in the wells was 10° cfu mL™". Screening for bac-
tericidal activity of plant extracts was evaluated as described by a
previous study,’” with some modification, by adding 10 pL 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™" for each plant extract were pre-
pared using DMSO as a diluent. Aqueous and methanolic
extracts wete 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
Carbobydrate Digestive Enzymes

In brief, a mixture containing the extract solution (100 pL,
0.5 mg mL.™") and 50 pL of 0.1 mM phosphate buffer (pH =
6.8) containing a-glucosidase (1.0 U mL™") was prepared and
incubated at 37°C. After 10 min of incubation, 50 pL of
PNG (5 mM in 0.1 mM phosphate buffer, pH=06.8) 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 teplacing the extract solution with 20% (v/
v) DMSO. Results were expressed as % inhibitory activity of
the extracts compared to the control.”®

The a-amylase inhibitory activity of the extracts was deter-
mined using the DNS colorimetric method.®” Briefly, 100 L
of the extract solution (10 mg mL™" in 20% v/v DMSO) was
mixed with 100 pL of a-amylase solution (2 U mL™" 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 pL 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 tet-
minated by adding 200 uL. 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 %o 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 individual means were considered significant at
P <0.05. All statistical analyses were performed using RStudio
statistical software (version 1.3.1073).

Acknowledgments

The authors would like to thank Dr Nikolaos Nikoloudakis (Department
of Agricultural Sciences, Biotechnology & Food Science, Cyprus
University of Technology for identifying plant material.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This research
was co-funded by the European Regional Development Fund and the
Republic of Cyprus through the Research & Innovation Foundation
(Project: Natura Platform, EXCELLENCE/0421/0205).

Ethical Approval
Ethical Approval is not applicable for this article.

Statement of Human and Animal Rights

This article does not contain any studies with human or animal subjects.

Statement of Informed Consent

There are no human subjects in this article and informed consent is not

applicable.

ORCID iD

Vlasios Goulas https:// orcid.org/0000-0001-7527-1559

References

1. Pai S, Hebbar A, Selvaraj S. A critical look at challenges and future
scopes of bioactive compounds and their incorporations in the
food, energy, and pharmaceutical sector. Environ Sci Pollut Res.
2022;29(24):35518-35541. doi:10.1007/s11356-022-19423-4

11.

12.

13.

14.

15.

16.

. Vuong TV. Natural products and their derivatives with antibacte-

rial, antioxidant and anticancer activities. Awtibiotics. 2021;10(1):1-
3. doi:10.3390/antibiotics10010070

. Lankatillake C, Huynh T, Dias DA. Understanding glycaemic

control and current approaches for screening antidiabetic natural
products from evidence-based medicinal plants. Plant Methods.
2019;15(1):105. doi:10.1186/s13007-019-0487-8

. Alvarez-Martinez FJ, Barrajon-Catalan E, Micol V. Tackling antibiotic

resistance with compounds of natural origin: a comprehensive review.
Biomedicines. 2020;8(10):1-30. doi:10.3390/biomedicines8100405

. Khameneh B, Iranshahy M, Soheili V, et al. Review on plant anti-

microbials: A mechanistic viewpoint. Antimicrob Resist Infect Control.
2019;8(1). Article number: 118. doi:10.1186/513756-019-0559-6

. Sharma A, Flores-Vallejo RdC, Cardoso-Taketa A, et al. Antibacterial

activities of medicinal plants used in Mexican traditional medicine.
] Ethnopharmacol. 2017,208:264-329. doi:10.1016/j.jep.2016.04.045

. Bharti SK, Krishnan S, Kumar A, Kumar A. Antidiabetic phyto-

constituents and their mode of action on metabolic pathways.
Ther Adv  Endocrinol  Metab. 2018;9(3):81-100. doi:10.1177/
2042018818755019

. Naveen YP, Urooj A, Byrappa K. A review on medicinal plants

evaluated for anti-diabetic potential in clinical trials: present
status and future perspective. | Herb Med. 2021:28. doi:10.1016/
j-hermed.2021.100436

. Rasouli H, Hosseini-Ghazvini SMB, Adibi H, et al. Differential

a-amylase/a-glucosidase inhibitory activities of plant-derived phe-
nolic compounds: a virtual screening perspective for the treatment
of obesity and diabetes. Food Funct. 2017;8(5):1942-1954. doi:10.
1039/ c7f000220c

. Ali Asgar M. Anti-diabetic potential of phenolic compounds: a review:

Int | Food Prop. 2013;16(1):91-103. doi:10.1080/10942912.2011.595864
Manso T, Lores M, de Miguel T. Antimicrobial activity of
Polyphenols and natural polyphenolic extracts on clinical isolates.
Abntibioties. 2022;11(1):11010046. doi:10.3390/antibiotics11010046
Katafygiotou MC, Serghides DK. Bioclimatic chart analysis in three
climate zones in Cyprus. Indoor Built Environ. 2015;24(6):746-760.
doi:10.1177/1420326X14526909

Zandalinas SI, Sales C, Beltrdn J, et al. Activation of secondatry
metabolism in citrus plants is associated to sensitivity to combined
drought and high temperatures. Front Plant Sci. 2017;7. doi:10.
3389/pls.2016.01954

Abudunia AM, Marmouzi I, Faouzi MEA, et al. Activité anti-
candidose, antibactérienne, cytotoxique et antioxydante des
fleurs de Calendula arvensis. | Mycol Med. 2017;27(1):90-97. doi:10.
1016/j.mycmed.2016.11.002

Khouchlaa A, El Baaboua A, El Moudden H, et al. Traditional
uses, bioactive compounds, and pharmacological investigations
of Calendula arvensis L.: a comprehensive review. Ady Pharmacol
Pharm Sci. 2023;2023:Article ID 2482544. doi:10.1155/2023/
2482544

Bouyahya A, El Omari N, Elmenyiy N, et al. Moroccan
Antidiabetic medicinal plants: ethnobotanical studies, phytochem-
ical bioactive compounds, preclinical investigations, toxicological

validations and clinical evidences; challenges, guidance and


https://orcid.org/0000-0001-7527-1559
https://orcid.org/0000-0001-7527-1559
http://doi.org/10.1007/s11356-022-19423-4
http://doi.org/10.1007/s11356-022-19423-4
http://doi.org/10.1007/s11356-022-19423-4
http://doi.org/10.1007/s11356-022-19423-4
http://doi.org/10.3390/antibiotics10010070
https://doi.org/10.1186/s13007-019-0487-8
https://doi.org/10.1186/s13007-019-0487-8
https://doi.org/10.1186/s13007-019-0487-8
https://doi.org/10.1186/s13007-019-0487-8
http://doi.org/10.3390/biomedicines8100405
https://doi.org/10.1186/s13756-019-0559-6
https://doi.org/10.1186/s13756-019-0559-6
https://doi.org/10.1186/s13756-019-0559-6
https://doi.org/10.1186/s13756-019-0559-6
http://doi.org/10.1016/j.jep.2016.04.045
http://doi.org/10.1177/2042018818755019
http://doi.org/10.1177/2042018818755019
http://doi.org/10.1016/j.hermed.2021.100436
http://doi.org/10.1016/j.hermed.2021.100436
http://doi.org/10.1039/c7fo00220c
http://doi.org/10.1039/c7fo00220c
http://doi.org/10.1080/10942912.2011.595864
https://doi.org/10.3390/antibiotics11010046
http://doi.org/10.1177/1420326X14526909
https://doi.org/10.3389/fpls.2016.01954
https://doi.org/10.3389/fpls.2016.01954
http://doi.org/10.1016/j.mycmed.2016.11.002
http://doi.org/10.1016/j.mycmed.2016.11.002
https://doi.org/10.1155/2023/2482544
https://doi.org/10.1155/2023/2482544

12

Natural Product Communications

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

perspectives for future management of diabetes worldwide. Trends
Food Sci Technol. 2021;115:147-254. doi:10.1016/].tifs.2021.03.032
Annaz H, Sane Y, Bitchagno GTM, et al. Caper (Capparis spinosa
L.): an updated review on its phytochemistry, nutritional value, tra-
ditional uses, and therapeutic potential. Front Pharmacol. 2022;13.
doi:10.3389/fphar.2022.878749

Vahid H, Rakhshandeh H, Ghorbani A. Antidiabetic properties of
Capparis spinosa L. and its components. Biomed Pharmacother.
2017;92:293-302. doi:10.1016/j.biopha.2017.05.082

Mollica A, Zengin G, Locatelli M, et al. Anti-diabetic and anti-
hypetlipidemic properties of Capparis spinosa L.: in vivo and in vitro
evaluation of its nutraceutical potential. | Funct Foods.
2017;35:32-42. doi:10.1016/}.jf£.2017.05.001

Asadi-Samani M, Moradi M'T, Mahmoodnia L, et al. Traditional
uses of medicinal plants to prevent and treat diabetes; an
updated review of ethnobotanical studies in Iran. | Nepbropathol.
2017;6(3):118-125. doi:10.15171/jnp.2017.20

Kdimy A, Yadini ME, Guaadaoui A, et al.. Chem.Biodiversity.
ChemRxip. 2022;19:¢202200300. doi:10.1002/cbdv.202200300
Khatib C, Nattouf A, Isam M, et al. Ethnobotanical survey of
medicinal herbs in the Western region in Syria (Latakia and
Tartus). Res Sg. 2021. doi:10.21203/1s.3.15-355008 /v1

Abd-Alla HI, Albalawy MA, Aly HF, et al. Flavone composition
and antihypercholesterolemic and antihyperglycemic activities of
Chrysanthemum — Coronarium L. Z  Naturforsch  C ] Biosci.
2014;69(5-6):199-208. doi:10.5560/ZNC.2013-0115

Abdelgaleil SAM, Saad MMG, Ariefta NR, et al. Antimicrobial and
phytotoxic activities of secondary metabolites from Haplophyllum
tubercutatum  and — Chrysanthemum  coronarium. S Afr | Bot.
2020;128:35-41. doi:10.1016/j.s2jb.2019.10.005

Servi H. Chemical composition and biological activities of essential
oils of two new chemotypes of Glebionis Cass. Turk ]| Chem.
2021;45(5):1559-1566. doi:10.3906/kim-2104-11

Ceylan O, Ugur A, Sarac N. OP265 some biological activities of five aster-
aceae species from Turkey. 2017.

Shadid KA, Shakya AK, Naik RR, et al. Phenolic content and anti-
oxidant and antimicrobial activities of Malva sylvestris 1.., Malva
oxyloba Boiss., Malva parviflora 1., and Malva aegyptia 1. leaves
extract. | Chem. 2021;2021:Article ID 8867400. doi:10.1155/
2021/8867400

Parveen S, Wani AH, Ganie AA, et al. Antifungal activity of some
plant extracts on some pathogenic fungi. Archf Phytopatho! Plant
Prot. 2014;47(3):279-284. doi:10.1080/03235408.2013.808857
Sarmiento-Tomala GM, Miranda-Martinez M, Gutiérrez-Gaitén
Y1, et al. Chemical study, antioxidant capacity, and hypoglycemic
activity of Malva psendolavatera webb & berthel and Malva sylvestris
1. (Malvaceae), grown in FEcuador. Trgp J Nat Prod Res.
2020;4(12):1064-1071. doi:10.26538/tinpt/v4i12.7

Hawash M, Jaradat N, Elaraj ], et al. Evaluation of the hypoglyce-
mic effect of seven wild folkloric edible plants from Palestine
(Antidiabetic effect of seven plants from Palestine). | Complement
Integr Med. 2020;17(1):20190032. doi:10.1515/jcim-2019-0032
Ozkum D, Ak1 O, Toklu HZ. Herbal medicine use among diabetes
mellitus patients in Northern Cyprus. | Med Plants Res.
2013;7(22):1652-1664. doi:10.5897/JMPR12.1207

32.

33.

34.

35.

36.

39.

40.

41.

42.

43.

44,

45.

46.

Karioti A, Vrahimi-Hadjilouca T, Droushiotis D, et al. Analysis of
the essential oil of Origanum dubinm growing wild in Cyprus.
Investigation of its antioxidant capacity and antimicrobial activity.
Planta Med. 2006;72(14):1330-1334. doi:10.1055/5-2006-947255
Turkmen M, Kara M, Maral H, et al. Determination of chemical
component of essential oil of Origanum dubinm plants grown at dif-
ferent altitudes and antifungal activity against Sclerotinia sclerotiorum.
J Food Process Preserv. 2022;46(6):¢15787. doi:10.1111/jfpp.15787
Gonzalez-Tejero MR, Casares-Porcel M, Sanchez-Rojas CP, et al.
Medicinal plants in the Mediterranean area: synthesis of the results
of the project Rubia. | Ethnopharmacol. 2008;116(2):341-357.
doi:10.1016/1.jep.2007.11.045

Nieto G, Ros G, Castillo J. Antioxidant and antimicrobial proper-
ties of rosemary (Rosmarinus officinalis, 1.): a review. Medicines.
2018;5(3):98. doi:10.3390/medicines5030098

Sedighi R, Zhao Y, Yerke A, Sang S. Preventive and protective
properties of rosemary (Rosmarinus officinalis 1..) in obesity and dia-
betes mellitus of metabolic disorders: a brief review. Curr Opin Food
Sei. 2015;2:58-70. doi:10.1016/j.cofs.2015.02.002

. Mootoosamy A, Fawzi Mahomoodally M. Ethnomedicinal appli-

cation of native remedies used against diabetes and related compli-
cations in Mauritius. | Etbnopharmacol. 2014;151(1):413-444.
d0i:10.1016/}.jep.2013.10.069

. Quirarte-Baez SM, Zamora-Perez AL, Reyes-Estrada CA, et al. A

shortened treatment with rosemary tea (Rosmarinus officinalis)
instead of powder decreases insulin resistance and serum glucose
in patients with diabetes mellitus type 2 (T2D). | Popul Ther Clin
Pharmacol. 2019;26(4):e18-¢28. doi:10.15586/jptcp.v26i4.634
Demirpolat A. Essential oil composition analysis, antimicrobial
activities, and biosystematic studies on six species of Salvia. Lfe.
2023;13(3):634. doi:10.3390/life13030634

Mrabti HN, El Menyiy N, Chatfi S, et al. Phytochemistry and bio-
logical properties of Salvia verbenaca L.: A comprehensive review.
Biomed Res Int. 2022;2022:Article ID 3787818, doi:10.1155/
2022/3787818

Sarikurkcu C, Locatelli M, Mocan A, et al. Phenolic profile and
bioactivities of Sideritis perfoliata 1..: the plant, its most active
extract, and its broad biological properties. Front Pharmacol.
2020:10. doi:10.3389/fphar.2019.01642

Lall N, Chrysargyris A, Lambrechts 1, et al. Sideritis perfoliata (subsp.
perfoliata) nutritive value and its potential medicinal properties.
Antioxidants. 2019;8(11):8110521. doi:10.3390/antiox8110521
Weldu H, Mehari A, Alem L. Evaluation of antimicrobial activities
of Sinapis alba and Brassica nigra leaves against selected microorgan-
isms. Pharm Bioscie ]. 2019;7(2):1-6. doi:10.20510/ukjpb/7/i2/
182377

Ali-Shtayeh MS, Jamous RM, Jamous RM. Complementary and alter-
native medicine use amongst Palestinian diabetic patients. Complenent
Ther Clin Pract. 2012;18(1):16-21. doi:10.1016/j.ctcp.2011.09.001
Katalinic V, Mozina SS, Generalic I, et al. Phenolic profile, antiox-
idant capacity, and antimicrobial activity of leaf extracts from six
Vitis vinifera 1. varieties. Int | Food Prop. 2013;16(1):45-60. doi:10.
1080/10942912.2010.526274

Orhan N, Aslan M, Orhan DD, et al. In-vivo assessment of antidi-
abetic and antioxidant activities of grapevine leaves (I/7#s vinifera)


http://doi.org/10.1016/j.tifs.2021.03.032
https://doi.org/10.3389/fphar.2022.878749
http://doi.org/10.1016/j.biopha.2017.05.082
http://doi.org/10.1016/j.jff.2017.05.001
http://doi.org/10.15171/jnp.2017.20
https://doi.org/10.1002/cbdv.202200300
https://doi.org/10.21203/rs.3.rs-355008/v1
https://doi.org/10.21203/rs.3.rs-355008/v1
http://doi.org/10.5560/ZNC.2013-0115
http://doi.org/10.5560/ZNC.2013-0115
http://doi.org/10.1016/j.sajb.2019.10.005
http://doi.org/10.3906/kim-2104-11
http://doi.org/10.3906/kim-2104-11
http://doi.org/10.3906/kim-2104-11
https://doi.org/10.1155/2021/8867400
https://doi.org/10.1155/2021/8867400
http://doi.org/10.1080/03235408.2013.808857
http://doi.org/10.26538/tjnpr/v4i12.7
https://doi.org/10.1515/jcim-2019-0032
https://doi.org/10.1515/jcim-2019-0032
https://doi.org/10.1515/jcim-2019-0032
http://doi.org/10.5897/JMPR12.1207
http://doi.org/10.1055/s-2006-947255
http://doi.org/10.1055/s-2006-947255
http://doi.org/10.1055/s-2006-947255
https://doi.org/10.1111/jfpp.15787
http://doi.org/10.1016/j.jep.2007.11.045
http://doi.org/10.3390/medicines5030098
http://doi.org/10.1016/j.cofs.2015.02.002
http://doi.org/10.1016/j.jep.2013.10.069
http://doi.org/10.15586/jptcp.v26i4.634
http://doi.org/10.3390/life13030634
https://doi.org/10.1155/2022/3787818
https://doi.org/10.1155/2022/3787818
http://doi.org/10.3389/fphar.2019.01642
https://doi.org/10.3390/antiox8110521
https://doi.org/10.20510/ukjpb/7/i2/182377
https://doi.org/10.20510/ukjpb/7/i2/182377
http://doi.org/10.1016/j.ctcp.2011.09.001
http://doi.org/10.1080/10942912.2010.526274
http://doi.org/10.1080/10942912.2010.526274

Christou et al.

13

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

in diabetic rats. | Ethnopbarmacol. 2006;108(2):280-286. doi:10.
1016/j.jep.2006.05.010

Dar LA, Mir SA, Shafi S, et al. Antioxidant, anti-inflammatory and
anti-diabetic potential of Vitis vinifera Linn leaf extracts. World
J. Pharm. Res.. 2022 11(2):1858-1876. doi:10.20959 /wijpr20222-
23054

Galanakis CM, Goulas V, Tsakona S, et al. A knowledge base for
the recovery of natural phenols with different solvents. In | Food
Prop. 2013;16(2):382-396. doi:10.1080/10942912.2010.522750
Goulas V, Banegas-Luna AJ, Constantinou A, et al. Computation
screening of multi-target antidiabetic properties of phytochemicals
in common edible Mediterranean plants. Plants. 2022;11(13):
11131637. doi:10.3390/plants11131637

Garvey MI, Rahman MM, Gibbons S, et al. Medicinal plant
extracts with efflux inhibitory activity against Gram-negative bac-
teria. Inz | Antimicrob Agents. 2011;37(2):145-151. doi:10.1016/j.
fjantimicag.2010.10.027

Del Campo J, Nguyen-The C, Sergent M, et al. Determination of the
most bioactive phenolic compounds from rosemary against Listeria
monoeytogenes. influence of concentration, pH, and NaCl. | Food S,
2003;68(6):2066-2071. doi:10.1111/§.1365-2621.2003.t607019.x
Pandit VA, Shelef LA. Sensitivity of Listeria monocytogenes to rose-
mary (Rosmarinus  officinalis ' L). Food Microbiol. 1994;11:57-63.
https://doi.org/10.1006/ fmic.1994.1008

Andelkovi¢ M, Radovanovi¢ B, Andelkovi¢c AM, et al. Phenolic
compounds and bioactivity of healthy and infected grapevine
leaf extracts from red varieties Merlot and Vranac (I7s vinifera
1.). Plant Foods Hum Nutr. 2015;70(3):317-323. doi:10.1007/
s11130-015-0496-3

Guo X, Hao Y, Zhang W, et al. Comparison of origanum essential oil
chemical compounds and their antibacterial activity against Cromobacter
sakazakii. Moleciles. 2022;27(19):27196702. doi:10.3390/molecules
27196702

Ma YY, Zhao DG, Zhang R, et al. Identification of bioactive com-
pounds that contribute to the a-glucosidase inhibitory activity of rose-
mary. Food Funet. 2020;11(2):1692-1701. doi:10.1039/c9f002448d
Kong F, Qin'Y, Su Z, et al. Optimization of extraction of hypogly-
cemic ingredients from grape seeds and evaluation of
a-glucosidase and a-amylase inhibitory effects 7 vitro. | Food Sei.
2018;83(5):1422-1429. doi:10.1111/1750-3841.14150

You Q, Chen F, Wang X, et al. Inhibitory effects of muscadine
anthocyanins on a-glucosidase and pancreatic lipase activities. |
Agric Food Chem. 2011;59(17):9506-9511. doi:10.1021/jf201452v
Pintaé¢ D, Cetojevic’—Simin D, Berezni S, et al. Investigation of the
chemical composition and biological activity of edible grapevine

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

(Vitis vinifera 1.) leaf vatieties. Food Chem. 2019;286:686-695.
doi:10.1016/j.foodchem.2019.02.049

Wojdyto A, Nowicka P, Grimalt M, et al. Polyphenol compounds
and biological activity of caper (Capparis spinosa 1.) flowers buds.
Plants. 2019;8(12):8120539. doi:10.3390/ plants8120539
Mamache W, Amira S, Ben Souici C, et al. Iz vitro antioxidant, anti-
cholinesterases, anti-a-amylase, and anti-a-glucosidase effects of
Algerian Salvia aegyptiaca and Salvia verbenaca. | Food Biochem.
2020;44(11):¢13472. doi:10.1111/jfbc.13472

Zengin G, Senkardes I, Mollica A, et al. New insights into the i
vitro biological effects, in silico docking and chemical profile of
clary sage — Salvia sclarea 1. Comput Biol Chem. 2018;75:111-119.
doi:10.1016/j.compbiolchem.2018.05.005

Celep E, Seven M, Akyiiz S, et al. Influence of extraction method
on enzyme inhibition, phenolic profile and antioxidant capacity of
Sideritis trojana Bornm. S Afr ] Bot. 2019;121:360-365. doi:10.1016/
j.sajb.2018.11.026

Atas M, Eruugur N, Sozmen F, et al. Evaluation of various biolog-
ical activities of endemic Sideritis libanotica extracts. Not Sei Biol.
2019;11(2):210-217. doi:10.15835/nsb11210442

Bobo-Garcia G, Davidov-Pardo G, Arroqui C, et al
Intra-laboratory validation of microplate methods for total pheno-
lic content and antioxidant activity on polyphenolic extracts, and
comparison with conventional spectrophotometric methods. |
Sei Food Agrie. 2015;95(1):204-209. doi:10.1002/jsfa.6706

Goulas V, Georgiou E. Utilization of carob fruit as sources of phe-
nolic compounds with antioxidant potential: Extraction optimiza-
tion and application in food models. Foods. 2020;9(1):9010020.
doi:10.3390/foods9010020

Balouiri M, Sadiki M, Ibnsouda SK. Methods for 7 vitro evaluating
antimicrobial activity: a review. | Pharm Anal. 2016;6(2):71-79.
doi:10.1016/j.jpha.2015.11.005

Park M, Horn L, Lappi V, et al. Antimicrobial synergy between
aminoglycosides and licorice extract in IListeria monocytogenes.
Pathogens. 2022;11(4):11040440. doi:10.3390/ pathogens11040440
Bljaji¢ K, Petlevski R, Vuji¢ L, et al. Chemical composition, antiox-
idant and a-glucosidase-inhibiting activities of the aqueous and
hydroethanolic extracts of Vaccininm myrtillus leaves. Molecules.
2017;22(5):7020015. doi:10.3390/molecules22050703

Li S, Zhang W, Wang R, et al. Screening and identification of
natural a-glucosidase and a-amylase inhibitors from partridge
tea (Mallotus furetianns Muell-Arg) and in silico analysis. Food Chen.
2022:388. doi:10.1016/j.foodchem.2022.133004


http://doi.org/10.1016/j.jep.2006.05.010
http://doi.org/10.1016/j.jep.2006.05.010
https://doi.org/10.20959/wjpr20222-23054
https://doi.org/10.20959/wjpr20222-23054
http://doi.org/10.1080/10942912.2010.522750
https://doi.org/10.3390/plants11131637
http://doi.org/10.1016/j.ijantimicag.2010.10.027
http://doi.org/10.1016/j.ijantimicag.2010.10.027
http://doi.org/10.1111/j.1365-2621.2003.tb07019.x
http://doi.org/10.1111/j.1365-2621.2003.tb07019.x
http://doi.org/https://doi.org/10.1006/fmic.1994.1008
http://doi.org/https://doi.org/10.1006/fmic.1994.1008
http://doi.org/10.1007/s11130-015-0496-3
http://doi.org/10.1007/s11130-015-0496-3
http://doi.org/10.1007/s11130-015-0496-3
http://doi.org/10.1007/s11130-015-0496-3
http://doi.org/10.1007/s11130-015-0496-3
https://doi.org/10.3390/molecules27196702
https://doi.org/10.3390/molecules27196702
http://doi.org/10.1039/c9fo02448d
http://doi.org/10.1111/1750-3841.14150
http://doi.org/10.1111/1750-3841.14150
http://doi.org/10.1021/jf201452v
http://doi.org/10.1016/j.foodchem.2019.02.049
https://doi.org/10.3390/plants8120539
https://doi.org/10.1111/jfbc.13472
http://doi.org/10.1016/j.compbiolchem.2018.05.005
http://doi.org/10.1016/j.sajb.2018.11.026
http://doi.org/10.1016/j.sajb.2018.11.026
http://doi.org/10.15835/nsb11210442
http://doi.org/10.1002/jsfa.6706
https://doi.org/10.3390/foods9010020
http://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.3390/pathogens11040440
https://doi.org/10.3390/molecules22050703
http://doi.org/10.1016/j.foodchem.2022.133004

	 Introduction
	 Results and Discussion
	 TPC and TFC of Plant Extracts
	 Antibacterial Potency of Plant Extracts
	 Inhibitory Effect of Plant Extracts on Carbohydrate Digestive Enzymes

	 Conclusions
	 Materials and Methods
	 Chemicals and Reagents
	 Plant Materials
	 Preparation of Plant Extracts
	 Determination of TPC and TFC
	 Assessment of Antibacterial Potency of Plant Extracts
	 Assessment of the Inhibitory Effect of Plant Extracts on Carbohydrate Digestive Enzymes
	 Statistical Analysis

	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


