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The methanolic extract of the stem bark of a wild species of jujube, Ziziphus lotus (L.) Lam., growing in Sicily,
was chemically and biologically investigated. The chemical profile was defined by UHPLC-HR-ESI-Orbitrap/MS
analysis whereas antioxidant and tyrosinase inhibitory activities were investigated by in vitro assays. The extract
showed a high total phenolic and flavonoid content (TPC=271.65 GAE/g and TFC=188.11 RE/g extract).
Metabolomic analysis revealed a rich phytocomplex characterized by phenols, cyclopeptide alkaloids, and
triterpenoid saponins, some of which here detected for the first time. The mushroom tyrosinase inhibition assay
displayed that the methanolic extract efficiently inhibits the monophenolase and diphenolase activity.
Furthermore, the extract showed a strong ability to scavenge DPPH, a good Fe3+ reducing antioxidant power, in
addition to a Fe2+ chelating activity. Taken together, these results suggest possible novel applications of wild
jujube stem bark as a source of potential skin-care agents with several uses in pharmaceutical and cosmetic
industries.

Keywords: wild jujube (Ziziphus lotus) stem bark, polyphenols, saponins, UHPLC/MS, tyrosinase inhibitory
activity.

Introduction

Ziziphus genus (Rhamnaceae) includes many species
that grow in arid and semiarid areas widely distributed
throughout the Mediterranean basin.

Different Ziziphus spp. have been used for thou-
sands of years in traditional medicine for the treat-
ment of urinary troubles, diabetes, skin infections,
fever, diarrhea, insomnia, bronchitis, and as sedative
and hypoglycemic agents.[1,2] Many studies have also
reported the presence of various chemical constituents
belonging to different classes of secondary metabo-
lites e.g., polyphenols, alkaloids, terpenoids,
saponins.[1]

Among different species, Z. lotus (L.) Lam. has
shown considerable attention for its phytochemical
and pharmacological properties. Previous chemical
studies on Tunisian and Jordan plants afforded to the
isolation of dammarane saponins and cyclopeptide
alkaloids from the root bark[3–6] and leaves,[7,8] while
phenolic compounds have been recently detected by
LC/MS technique in different parts (branches, leaves,
roots, and stem bark) of an Algerian sample.[9] More-
over, pharmacological investigations on Z. lotus crude
extracts and isolated compounds showed a wide
range of in vitro and in vivo effects, including antimi-
crobial, antidiarrheal, anti-inflammatory, analgesic,
antioxidant, and hepatoprotective activities.[1,9] In
addition, potential dermatoprotective properties of
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extracts from the leaves and fruits have been also
reported due to their strong tyrosinase inhibitory
activity.[10] Tyrosinase (TYR) is the key enzyme that
catalyzes the first two steps in mammalian melano-
genesis. It is a glycosylated, and copper-containing
oxidase, which catalyze the oxidations of monophe-
nols and o-diphenols into reactive intermediate prod-
uct o-quinone (dopaquinone), which is further oxi-
dized into eumelanin and pheomelanin through other
enzymatic and non-enzymatic reactions.[11] Melanin is
responsible for absorbing light to protect skin cells
from UVB-radiation damage. Since tyrosinase-catalyzed
reactions are highly associated with hyperpigmenta-
tion, TYR inhibition is one strategy aimed at control-
ling the production of melanin. Therefore, TYR inhib-
itors (TYRIs) have become important
dermatoprotective targets. Several well-known TYRIs
as hydroquinone, arbutin, kojic acid, ascorbic acid, and
other molecules from natural sources are anti-melanin
and whitening agents. Nowadays, the discover of new
TYR inhibitors (TYRIs) has gained high interest in the
therapies of skin pathologies as well as in dermocos-
metic treatments. In this context, the efficacy of new
anti-melanogenic agents from plant sources was
evaluated in our previous research works.[12,13]

Considering that the most common targets of
investigations on Ziziphus spp. are the leaves, fruits,
and roots, in this study we focused the attention to
the stem bark of an endemic species of Z. lotus
growing in Sicily. To the best of our knowledge, the
potential skin whitening properties of Z. lotus stem
bark extract is now investigated for the first time. In
addition, as the oxidative stress induces an abnormal
ROS formation leading to skin photoaging, the anti-
oxidant and free radical scavenging activities were
also evaluated by in vitro cell free colorimetric assays.
Moreover, an in-depth metabolomic study was per-
formed to identify the bioactive compounds, which as
antioxidants and tyrosinase inhibitors, may be of
interest for both pharmaceutical and food industry.

Results and Discussion

Total Phenolic and Flavonoid Content

Total phenols (TPC) and flavonoids (TFC) were meas-
ured in the methanolic extract of wild jujube stem
bark. Results were reported in Table 1. TPC determined
with the Folin-Ciocalteu reagent was 271.65�5.60 mg
gallic acid equivalents (GAE)/g of extract. TFC detected
by aluminum chloride method was 188.11�7.48 mg
rutin equivalents (RE)/g of extract. All parts of Z. lotus
resulted rich in polyphenols and flavonoids. However,
several factors may affect the content of phenolic
compounds, such as phenological stage, climatic
conditions, methods of extraction, geographical
location.[9] It is widely known that leaves and fruits
have the highest phenolic content. On the other hand,
the woody vascular parts, especially barks, may be
considered an important source of polyphenolic
compounds with potential biological effects.[14] Ac-
cordingly, stem bark samples of Z. lotus from Algeria
revealed a high total amount of polyphenols
(750.38 mg GAE/g extract).[15] Meanwhile, previous
investigations on other species, Z. mauritiana Lam. and
Z. mucronate Willd., reported a low content (<100 mg/
g of extract).[16,17]

Antioxidant Activity

High antioxidant potential is most frequently related
to high phenolic content and bioavailability of the
most bioactive compounds.[18] For this reason, in vitro
assays to assess the antioxidant potential of wild
jujube were performed. To have a realistic evaluation
of the antioxidant ability, three assays based on
different mechanism of reaction, DPPH, FRAP, and
ferrous ion chelating power were carried out. Results,
summarized in Table 1, showed a high DPPH scaveng-
ing ability (304.02�4.80 mg ascorbic acid equivalents,
AAE/g extract) and a strong reducing power in the
FRAP assay (296.68�1.81 mg Trolox equivalents, TE/g
extract). Moreover, by measuring metal chelating
activity, the extract demonstrated a strong capacity to

Table 1. Total phenolic and flavonoid content, DPPH free radical scavenging and metal chelating activity of Z. lotus stem bark
methanolic extract.

TPC
(mg GAE/g)

TFC
(mg RE/g)

DPPH
(mg AAE/g)

Metal chelating
(mg EDTAE/g)

FRAP
(mg TE/g)

Methanolic Extract 271.65�5.60 188.11�7.48 304.02�4.80 39.01�4.30 296.68�1.81

Results are reported as mean�SD (n=3), GAE=Gallic acid equivalents, RE=Rutin equivalents, AAE=Ascorbic acid equivalents,
EDTAE=Ethylenediaminetetraacetic acid equivalents, TE=Trolox equivalents.
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chelate ferrous ions from ferrozine complex (39.01�
4.30 mg ethylenediaminetetraacetic acid equivalents,
EDTA/g extract). In order to in deep analyze the
parameters evaluated, a Pearson correlation was
carried out. Positive correlation coefficients (�0.935)
were found between TPC, TFC, and all antioxidant
assays although without any statistically significant
differences.

The antioxidant effects of Ziziphus spp. stem bark
extracts have also been evaluated through various
assays in previous studies. Thus, for Z. mucronata,
ABTS, DPPH, and ferrous reducing antioxidant property
(FRAP) methods were performed. Results indicated a
correlation between the antioxidant activity and the
total phenolic content.[16] In an earlier report, the
antioxidant capacity of Z. mauritiana stem bark re-
sulted higher than the seed extract by the phospho-
molybdenum method.[17] Similarly, the free radical
scavenging potential of Z. nummularia stem bark was
also evaluated in the DPPH assay for developing new
and safe natural antioxidant extract.[19] According to
our results, the methanolic extract of Z. lotus samples
harvested in Algeria exhibited a strong free radical
scavenging activity expressed by equivalent of ascor-
bic acid (480.20 mg/g extract), confirming that the
stem bark may be considered a good source of
antioxidant compounds available throughout the
year.[15]

Conversely, no data are available in the literature
on metal chelating ability of Ziziphus spp. stem bark.
Therefore, in the present study the investigated extract
exhibited a strong capacity to chelate ferrous ions
providing an additional value to the antioxidant
activity.

Tyrosinase Inhibition

Melanin production in the living organism is a natural
adaption to the outside environment for protecting
the skin from ultraviolet damage and reactive oxygen
species (ROS).

Tyrosinase is the type-3 metalloenzyme, which play
a key role in melanin production. Therefore, TYRs are
used in cosmetic and medicinal industries to prevent
or treat overproduction of melanin such as melasma,
solar lentigo, and post inflammatory melanoderma,
and could be used in food industry to prevent
undesired browning of fruits and vegetables.[20]

Most of the strategies of controlling melanin
production have focused on the regulation of TYR
activity. Tyrosinase catalyzes two steps with mono-
phenolase and diphenolase at the same active site: the

hydroxylation of L-tyrosine to L-3,4-dihydroxyphenyl-
alanine (L-DOPA) and the oxidation of L-DOPA to
dopaquinone; thus, the inhibitory effect on melano-
genesis could be estimated on both monophenolase
and diphenolase activity.

Our results showed that the wild jujube methanolic
extract efficiently and dose-dependently inhibited
both monophenolase and diphenolase (Figure 1). To
compare the obtained results the IC50 values were
calculated and summarized in Table 2. Kojic acid, a
known whitening agent, was used as positive control.
According to a previous study on fruits and leaves,

Figure 1. Kinetic curves of Z. lotus stem bark methanolic extract
(50–500 μg/mL) on TYR monophenolase (A) and diphenolase
(B) activity. Results are reported as mean�SD (n=3).

Table 2. Inhibitory effects on tyrosinase (IC50) of Z. lotus stem
bark methanolic extract.

Sample Monophenolase
(IC50 μg/mL)

Diphenolase
(IC50 μg/mL)

Methanolic extract 333.15�10.34 110.35�12.90
Kojic acid 32.68�1.50 2.24�0.18

Results are reported as mean�SD (n=3).
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Z. lotus represented a rich source of antimelanogenic
agents, due to its high polyphenolic content,[10] where-
as our study reported for the first time that even the
stem bark could be of interest for the isolation of
whitening compounds. In addition, as it is known that
copper ions are present in the TYR pocket, the good
metal chelating ability of the investigated extract, may
be involved in the enzyme inhibition mechanism.

Metabolomic Analysis of Stem Bark Methanolic Extract

The chemical characterization of the methanolic
extract of Z. lotus stem bark was performed by ultra-
high-performance liquid chromatography (UHPLC)
coupled to a high resolution-mass spectrometer (HR-
MS) equipped with an electrospray ionization source
(ESI) in both positive and negative ionization modes,
as illustrated by chromatograms in Figure 2. The
extract showed a very complex chemical profile
characterized by the presence of three main classes of
metabolites, such as phenols, cyclopeptide alkaloids,
and triterpenoid saponins, according to previous
studies on Ziziphus genus chemical investigation.

All compounds were distributed in different regions
of MS chromatograms (Figure 2) and were character-
ized by comparison of their elution order and HR-MS

(full ESI mass spectra and fragmentation patterns) with
literature data (Table 3). Among phenols, catechins
were the most represented, including gallocatechin
(peak 2), epigallocatechin (peak 3), catechin (peak 6),
and epicatechin (peak 7), together with their oligomer
derivatives (peaks 1, 4, and 5), characterized by
fragmentation mass spectra showing an intense neg-
ative product ion at m/z 125.03. These results agreed
with previous studies on Ziziphus bark,[21] unlike these
compounds were not detected in Z. lotus stem bark by
Rached et al.,[9] but only in the root bark. The presence
of catechin, epicatechin, and procyanidins derivatives,
abundant in the stem bark methanolic extract,
certainly contributed to its antioxidant property.
Several studies have demonstrated the antioxidant
potential of catechin, epicatechin, and procyanidins
being able to scavenge peroxyl, hydroxyl, superoxide,
DPPH, and ABTS radicals.[22,23] It is well-known that tea
catechins, which are the main bioactive polyphenols in
green tea, significantly suppress TYR activity and
melanin synthesis.[24] Therefore, the potential skin
whitening properties shown by Z. lotus stem bark
could be due to the presence of these compounds in
the investigated extract.

In addition to catechins, two flavonol glycosides
were detected in the extract, myricetin rutinoside

Figure 2. Metabolomic profile of Z. lotus stem bark extract obtained by UHPLC-HR-ESI-Orbitrap/MS analysis in both negative (A) and
positive (B) ionization modes. Peak numbers correspond to those of Table 3.
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(peak 8) and quercetin rutinoside (peak 9, probably
rutin), as deduced by the loss in the MS/MS experi-
ments of the disaccharide chain of rutinose, generat-
ing product ions corresponding to the aglycones
quercetin (m/z at 301.03 and 303.05) and myricetin
(m/z 317.03 and 319.04) in the negative and the
positive ion mode, respectively. Flavonol glycosides
were extensively reported in Ziziphus fruits[25] and
leaves,[26] rarely in the bark.[27,28] Regarding the
identification of rutin in wild jujube extract, a
computational simulation showed that this compound
was able to block the oxidation of L-DOPA binding
with TYR enzyme.[29] For this reason, the inhibitory
effect of Z. lotus extract on TYR could be attributed to
the synergic effect of various bioactive compounds
such as catechins and flavonol glycosides.

In addition, a lignan glucoside was identified as
lyoniresinol glucoside (peak 10), previously reported in
the bark of Z. rugosa Lam.[28]

Cyclopeptide alkaloids are considered constituents
of taxonomic significance in Rhamnaceae, such as in
Ziziphus genus. They presented a macrocyclic 13-, 14-,
or 15-membered ring structure consisting of a styryl-
amine unit and two/three amino acids and, in some
cases, one/two N-methyl or N,N-dimethyl amino acid
residues.[30] In the literature, the presence of jubanine-
A type (13-membered ring) and amphibine-B type (14-
membered ring) alkaloids was reported in the root
bark of Tunisian Z. lotus [4-6], while in the leaves of
Jordan Z. lotus frangulanine type (14-membered ring)
alkaloids were reported.[8] LC/MS analyses of herein
investigated Z. lotus stem bark extract led to the
detection of 10 cyclopeptide alkaloids (peaks 11, 12,
15-21, and 23), identified by analyzing mass spectra
registered in both ESI positive and negative ionization
mode. Mass spectrometry data of peaks 11 and 20
agreed with those of lotusine F and E, jubanine-A type
alkaloids previously isolated from the root bark of
Z. lotus.[5] In addition, other detected cyclopeptide
alkaloids were not previously reported, thus the
chemical structure was herein proposed based on HR-
MS data. The full MS of peak 12 showed a protonated
molecular ion [M+H]+ at m/z 535.2912, suggesting
the presence of an additional methyl group respect to
11 ([M+H]+ at m/z 519.2613), due to a N,N-dimeth-
ylphenylalanine residue instead of N-meth-
ylphenylalanine, as confirmed by the base ion peak at
m/z 148.11 instead of 134.10 in the mass fragmenta-
tion spectra, respectively. Similarly, peak 19 ([M+H]+

at m/z 634.3591) showed a product ion at m/z 100.11
as base peak, suggesting the presence of a N-meth-
ylleucine instead of N,N-dimethylleucine compared to

lotusine E (peak 20, [M+H]+ at m/z 648.3748). Peak
23 showed the same protonated molecular ion of 20
at m/z 648.3746 and the same fragmentation pathway,
suggesting 23 and 20 as isomers having N,N-dimeth-
ylleucine and N,N-dimethylisoleucine (ion base peak at
m/z 114.13) as terminal amino acid residue, respec-
tively. Full and mass fragmentation spectra of peak 18
are consistent with the structure of lotusine C, but
these data are also in agreement with a lotusine G
derivative having as terminal amino acid a residue of
N,N-dimethylphenylalanine (product ion at m/z at
148.11). Lotusine G was previously isolated from
Z. lotus root bark.[6] Peaks 15, 16, and 17 appeared to
be compounds structurally correlated to 18. Indeed,
peak 17 differed from 18 for having a N-meth-
ylphenylalanine residue instead of N,N-dimeth-
ylphenylalanine (product ion at m/z 134.10), while 15
showed 16 u more, leading to suppose a -OH sub-
stituent on the styrylamine unit, such as demonstrated
by fragment ions at m/z 358.17 also found in the MS/
MS of lotusines E and F. Similarly, peak 16 seems to
have a hydroxystyrylamine unit and N,N-dimeth-
ylphenylalanine as terminal amino acid. These hy-
pothesized structures need to be confirmed by
compounds isolation and characterization by NMR
techniques.

Triterpenoid saponins are typical constituents of
Ziziphus genus. According to literature evidence, the
LC/MS analyses of Z. lotus stem bark extract led to the
tentative identification of different dammarane sap-
onins, most of them mainly identified as monodesmo-
sides having jujubogenin or lotogenin as aglycones
through MS analyses registered in both positive and
negative ionization modes. Interestingly, the full mass
spectra registered in the positive ionization mode
showed both [M+H]+ and doubly charged
[M+2H]+ + protonated molecular ions, whose frag-
mentation generated diagnostic product ions at m/z
473.36 (dehydrated lotogenin) and 455.35 (dehydrated
jujubogenin/jujubasaponin IV) due to the aglycone
moiety, together with other fragments due to the
losses of hexose (� 162 u), deoxyhexose (� 146), and
pentose (� 132 u) residues. In the MS registered in the
negative ion mode, product ions corresponding to
deprotonated ([M� H]� ) and adduct molecular ions
([M+HCOO]� and ([M+Cl]� ) were observed (Table 3).
Furthermore, several sulfated saponins were detected,
as deduced by the presence of a base ion peak at m/z
96.96 in the ESI-MS/MS registered in the negative
ionization mode.

Based on literature data, peak 25 ([M� H]� at m/z
959.5234, [M+H]+ at m/z 961.5369) could be identi-
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fied as either lotoside I or lotoside II, two lotogenin
trisaccharides differing for a glucose residue instead of
galactose, previously isolated from Z. lotus root bark.[3]

Compared to 25, peak 24 showed a trisaccharide chain
having one deoxyhexose instead of a hexose, thus
suggesting annotation as lotoside III, previously re-
ported in Z. spina-christi (L.) Desf. leaves,[31] even
though based on MS data it is no possible to define if
the saccharide chain was linear (as in lotoside I and II)
or branched (as in lotoside III). Compared to 25, peak
22 displayed one more pentose unit suggesting a
pentasaccharide derivative of lotogenin.

Peaks 29 and 30, were tentatively identified as
jujuboside A and jujuboside C, a penta- and a
tetrasaccharide of jujubogenin, respectively, previously
isolated from the root bark of Z. lotus.[3] Compared to
29, peak 28 showed a hexose instead of a pentose in
the saccharide chain. Peaks 32 and 36 were sulfated
saponins having a trisaccharide chain linked to
jujubonine and jujubasaponin IV aglycones, respec-
tively. Both saponins were isolated in a previous work
from the leaves of Z. lotus.[7]

Other saponins showed very characteristic frag-
mentation in the negative ionization mode with
product ions due to the loss from the parent ion
[M� H]� of 86 u neutral fragment, attributed to the
presence of a malonyl moiety. In particular, peak 33
([M� H]� at m/z 1107.4684) appeared to have the
same structure of 32 ([M� H]� at m/z 1021.4683),
except for the acyl group. Similarly, peaks 26 ([M� H]�

at m/z 1039.4792), 35 ([M� H]� at m/z 1107.4693), and
37 ([M� H]� at m/z 1077.4587) showed in addition a
malonyl unit, compared to peaks 27 ([M� H]� at m/z
1125.4799), 34 ([M� H]� at m/z 1021.4683), and 36
([M� H]� at m/z 991.4584), respectively, since their
molecular weight differ for 86 u. Furthermore, all
couple of saponins were very close in terms of
retention time. Dammarane saponins were reported
having acyl groups such as acetyl, malonyl, and
hydroxymethylglutaryl (HMG) linked to the
aglycones,[32] but based on previous studies on
Ziziphus genus, the malonyl is most probably located
on the sugar units. Indeed, a malonyl glycoside
jujubogenin derivative, named 6’’’-O-malonyl-Ziziphus
saponin, was isolated from Z. mauritiana Lam.,[33] while
another christinin A2, having a residue of 6-O-malonyl-
glucopyranose in the saccharide chain linked to the
jujubogenin aglycone, was isolated from Z. spina-
christi.[31] Thus, saponins 27, 33, 35, and 37 were
annotated as malonyl glycosides of saponins 26, 32,
34, and 36, respectively.

Finally, peak 39 was identified as ceanothic acid, a
pentacyclic triterpene typical of Ziziphus genus,[26]

while peaks 38 and 40 were attributed to oxidized
fatty acids.[26,34]

Conclusion

In this study, the metabolomic analysis of Z. lotus stem
bark was investigated by UHPLC-HR-ESI-Orbitrap/MS
showing different chemical classes including phenols,
cyclopeptide alkaloids, and triterpenoid saponins,
confirming its complex and specific chemical composi-
tion. Furthermore, the investigated extract showed
good antioxidant and tyrosinase inhibitory activities,
so that it could be considered a rich source of
compounds to be used against free radical related
disease such as skin aging and any other common
health problems. Several studies have demonstrated
the direct correlation between the antioxidant activity
and phenolic content. This activity is mainly due to the
redox properties of phenolic compounds, which play
an important role in neutralizing free radicals, quench-
ing singlet and triplet oxygen, or decomposing
peroxides. Besides, as the rich phytocomplex inves-
tigated revealed the presence of other bioactive
compounds, such as cyclopeptide alkaloids and triter-
penoid saponins, their involvement in the whole
biological activity cannot be excluded.

In conclusion, this article aims to highlight that the
compounds identified from the stem bark of Z. lotus
could be exploited as potential candidates for devel-
oping natural antioxidants in addition to the treatment
of hyperpigmentation disorders.

Experimental Section

Solvents and Reagents

Analytical grade methanol for extraction, was pur-
chased from Merck (Germany). UHPLC grade methanol,
formic acid, and water were purchased from Romil-
Deltek (Italy). For antioxidant assays, Folin–Ciocalteu
solution, sodium carbonate (Na2CO3), gallic acid,
aluminium chloride (AlCl3), sodium acetate
(CH3COONa), ammonium ferrous sulfate, ferrozine,
ethylenediaminetetraacetic acid (EDTA), ascorbic
acid,2,2-diphenyl-1-picrylhydrazyl (DPPH), mushroom
tyrosinase (333 U/mL), L-tyrosine, 3,4-Dihydroxy-L-phe-
nylalanine (L-DOPA), dimethyl sulfoxide (DMSO), and
kojic acid were purchased from Merck Life Science S.r.l.
(Italy).
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Plant Material and Extract Preparation

The stem bark was collected from different plants of
Z. lotus (n=5) growing in the place of Addaura (the
northern slopes of Monte Pellegrino, Palermo, Italy
(GPS data: 38°11’24.6“N; 13°20’51.6”E), on calcareous
lithosol near the sea (February 2020). Plant material
identity was confirmed by Prof. F.M. Raimondo of the
PLANTA/Center for Research, Documentation and
Training (Palermo, Italy). Voucher specimens are stored
in the Mediterranean Herbarium (PAL-Gr). After collect-
ing, all the stem barks from the five specimens were
combined together and then oven dried at 40 °C.
Then, dried parts were grinded using a laboratory mill
and the obtained powder was stored in dark at room
temperature. To prepare methanolic extract, macera-
tion technique was used: 100 g were stirred with
600 mL of methanol (×3) for 72 h under stirring at
room temperature. The obtained extract was evapo-
rated under vacuum at 40 °C after being filtered (yield
19.94%). The extract was stored at +4 °C until further
analysis.

Determination of Total Phenolic Content

For determination of total phenolic content, 100 μL of
methanol sample solution (1 mg/mL), 2000 μL distilled
water, 200 μL Folin–Ciocalteu reagent were mixed.
After 3 min, 1000 μL Na2CO3 (15%) were added to the
mixture and then incubated in the dark at room
temperature for 1 h.[36] The absorbance was measured
at 765 nm against a blank solution (which contained
100 μL of methanol instead of sample) by a spectro-
photometer (Shimadzu UV-1601, Japan). The total
polyphenolic content was expressed as gallic acid
equivalents (mg GAE/g extract) calculated by a calibra-
tion curve). (60–600 μg/mL) (y=0.0026x� 0.0624 R2=

0.9920). All tests were performed in triplicates.

Determination of Total Flavonoids

For determination of total flavonoids, 100 μL of
methanolic extract (1 mg/mL), 400 μL of distilled
water, and 30 μL NaNO2 (5%) were added to a glass
cuvette. Then, 30 μL of AlCl3 (10%) were added after
5 min, 200 μL NaOH (1 M) and 240 μL distilled water
were added after 6 min. The solution was mixed and
its absorbance was measured at 510 nm against a
blank solution (which contained 100 μL of methanol
instead of sample).[36]

Results were expressed as rutin equivalents (mg
RE/g extract) using a calibration curve). (20–500 μg/
mL) (y=0.0018x� 0.0356 R2=0.9903). All tests were
performed in triplicates.

UHPLC-HR-ESI-Orbitrap/MS Analyses

The methanolic extract of Z. lotus was analyzed by
means of UHPLC-HR-ESI-MS. The LC/MS system was
composed by a Vanquish Flex Binary pump LC and a Q
Exactive Plus MS, Orbitrap-based FT-MS system (Ther-
mo Fischer Scientific Inc., Germany). Before UHPLC/MS
analyses, the methanolic extract was partitioned
between BuOH and H2O to remove sugars and very
polar primary metabolites. The BuOH extract was
finally dissolved in methanol (2 mg/mL) and injected
(5 μL) on a C-18 Kinetex® Biphenyl column (100×
2.1 mm, 2.6 μm particle size) provided of a Security
Guard TM Ultra Cartridge (Phenomenex, Italy). The
elution was performed at a flow rate 0.5 mL/min, by
using formic acid in MeOH 0.1% v/v (solvent A) and
formic acid in H2O 0.1% v/v (solvent B) and developing
a linear solvent gradient from 5 to 80% A within
20 min. The autosampler and column oven temper-
atures were maintained at 4 and 35 °C, respectively. HR
mass spectra were acquired in a scan range of m/z
270–1500 in both ESI negative and positive ionization
modes, operating in full (70000 resolution, 220 ms
maximum injection time) and data dependent-MS/MS
scan (17500 resolution, 60 ms maximum injection
time). Ionization parameters were optimized as pre-
viously reported.[37]

Antioxidant Activity

The antioxidant activity of wild jujube methanolic
extract was estimated by three different tests: 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging
assay, Fe3+ reducing power (FRAP), and Fe2+ chelat-
ing measurement.

DPPH Radical-Scavenging Assay

For DPPH radical-scavenging assay, aliquots (0.5 mL) of
extract (250, 500, 1000 μg/mL) were mixed with 3 mL
of a freshly prepared DPPH methanol solution
(0.1 mM). The reaction mixture was shaken vigorously
and kept in the dark at room temperature for 30 min;
then, the absorbance was measured at wavelength of
515 nm. Ascorbic acid was used as reference standard,
and results were reported as ascorbic acid equivalents
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(mg AAE/g extract).[36] All tests were performed in
triplicates.

Fe3+ Reducing Antioxidant Power (FRAP)

FRAP was determined according to the method of
Uysal et al.[38] Sample solution (1 mg/mL; 0.1 mL) was
added to premixed FRAP reagent (2 mL) containing
acetate buffer (0.3 M, pH 3.6), 2,4,6-tris(2-pyridyl)-s-
triazine (TPTZ) (10 mM) in 40 mM HCl and ferric
chloride (20 mM) in a ratio of 10 :1 : 1 (v/v/v). Then, the
sample absorbance was read at 593 nm after a 30 min
incubation at room temperature. FRAP activity was
expressed as milligrams of Trolox equivalents (mg TE/
g extract). All tests were performed in triplicates.

Fe2+ Chelating Activity

Fe2+ chelating activity was determined according to
the method by Dinis et al.[39] with some modifications,
by measuring the ferrous iron-ferrozine complex
absorbance at 562 nm. Aliquots (150 μL) of Ziziphus
extract (250—1000 μg/mL) were incubated with
1050 μL of sodium acetate buffer (5%, pH 6.9), 150 μL
of Fe2+ (ammonium ferrous sulfate, 20 μM) and
150 μL of ferrozine (100 μM). The mixture was shaken
and left at room temperature for 10 min. The
absorbance of the resulting solution was measured at
562 nm. The capability to chelate ferrous iron was
calculated using the equation below:

Chelating activity %ð Þ ¼
A0 � As

A0
� 100

where A0 is the absorbance of the control and AS the
absorbance of the sample solution.

As reference standard ethylenediaminetetraacetic
acid (EDTA) was employed and results were reported
as milligrams of EDTA equivalents (mg EDTA/g
extract). All tests were performed in triplicates.

Mushroom Tyrosinase Inhibition Assay

Tyrosinase inhibitory activity assay was performed
according to the method described by Smeriglio
et al.[12,13] The inhibitory effects of Z. lotus methanolic
extract on TYR were assessed evaluating both the
monophenolase and diphenolase activity of the
enzyme. Aliquots (50 μL) of extract (50–500 μg/mL)
were mixed with 500 μL of substrate, L-DOPA or L-
tyrosine (1.25 mM), and 900 μL of sodium acetate

buffer (50 mM, pH 6.8). The reaction mixture was
allowed to incubate for 10 min at 25 °C, thereafter,
50 μL of an aqueous solution of mushroom tyrosinase
(333 U/mL) was added. The optical density of the
reaction mixture was recorded at 475 nm until 30 or
1 min, for monophenolase or diphenolase activity,
respectively. DMSO and kojic acid (1–50 μg/mL) were
used as negative and positive controls.

The tyrosinase inhibitory activity was calculated
according to the following equation:

Inhibition %ð Þ ¼
A � B
A � 100

where A is the absorbance at 475 nm with tyrosinase
and substrate (L-DOPA or L-tyrosine) without test
sample and B is the absorbance at 475 with tyrosinase,
substrate (L-DOPA or L-tyrosine) and test sample.
Results were expressed as the concentration capable
of inhibiting the 50% of the enzyme activity (IC50). All
tests were performed in triplicates.

Data Evaluation

A Pearson linear correlation was carried to evaluate
the relationship between total phenolic and flavonoid
content and the antioxidant activities using the Sigma-
Plot 12.0 software. Statistical significance was consid-
ered at p<0.05.
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