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ABSTRACT: Mulberry (Morus alba L.) is commonly cultivated in Asian
countries as a traditional medicine and food supplement. Four Kashmiri Morus
alba varieties (Zagtul, Chtattatual, Chattatual Zaingir, and Brentul Kashmir) were
evaluated for their proximate composition, mineral content, total phenolic and
flavonoid content, antioxidant potential, and antihyperglycemic activity.
Furthermore, TLC-MS-bioautography was used for the identification of
antioxidant and antidiabetic compounds in the best active extract. Lastly,
UPLC-MS was employed for metabolomic profiling of the best variety of M. alba.
Among all the varieties, the Zagtul variety was found to have the highest phenolic
(71.10 ± 0.44 mg GAE/g DW) and flavonoid (53.22 ± 0.69 mg rutin/g DW)
content. The highest antioxidant potential (DPPH) with an IC50 value of 107.88
± 3.8 μg/mL was recorded for the Zagtul variety. Similarly, α-amylase and α-
glucosidase inhibition for antidiabetic potential with IC50 74.76 ± 6.76 and
109.19 ± 5.78 μg/mL, respectively, was recorded in Zagtul variety. TLC-MS-bioautography for identification of bioactive
compounds revealed the presence of chlorogenic acid for antioxidant potential and 1-deoxynojirimycin (DNJ) and syringic acid for
antidiabetic potential. Further, bioactive compounds responsible for diverse functions of M. alba were confirmed by UPLC-MS in
both negative and positive modes. However, major compounds in the Zagtul variety were identified as chlorogenic acid, moracin N,
gallic acid, ferulic acid, morin, 1-deoxynojirimycin, and syringic acid. Hence, based on our findings, it can be concluded that M. alba
leaves can be consumed as a promising dietary supplement and can be formulated as phytopharmaceutical for the management of
various metabolic disorders.

■ INTRODUCTION
Natural plants contain a diversity of bioactive compounds with
antioxidant capabilities including flavonoids, phenolics, sterols,
alkaloids, carotenoids, and glucosinolates.1 In recent years,
great interest has been focused on the evaluation and discovery
of plant- and food-based natural antioxidants in order to
eliminate the various side effects of synthetic compounds for
the treatment of several diseases.2 There is a huge populace
that suffers from lifestyle-related diseases such as diabetes,
hyperlipidemia, and hypertension. Among these diseases,
diabetes is recognized as the most important global health
problem and continues to increase worldwide.3

Mulberry belongs to the genus Morus in the family
Moraceae, widely cultivated in varied climatic zones. Mulberry
(Morus alba L.), besides being the sole plant source for feeding
Bombyx mori, is cultivated as a medicinal plant in Eastern Asian
countries.4 The state of Jammu and Kashmir provides a fertile
land and environment for the growth and development of
bivoltine silkworm and cultivation of mulberry. Kashmir
produces silk of superior quality and has gained international
recognition for producing silk from indigenous varieties of M.

alba due to its suitable agro-climate conditions. Furthermore,
sericulture has an important place in the economy of Jammu
and Kashmir.5 Zagtul, Chtattatual, Chattatual Zaingir, and
Brentul Kashmir are the indigenous varieties of M. alba in
Kashmir. M. alba has multiple uses in Kashmir. This plant is
usually used for fodder (41.46%), fruits (34.72%), fuel
(12.52%), and silkworm rearing (11.30%).6 A number of
studies have reported the distribution and sericultural
importance of M. alba grown in Kashmir;5,7,8 however, no
study is available on chemical and nutritional composition of
different varieties of M. alba.
Different parts of the mulberry, including leaves, roots, stem,

fruits, and bark, are reported to possess antioxidants,
antihyperglycemic, antiobesity, and cardioprotective properties
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and inhibit certain types of cancer as well as act as an efficient
diuretic.4−7 Furthermore, extracted flavonoids from M. alba in
particular exhibit a wide range of biological effects, including
antibacterial, antiviral, anti-inflammatory, antiallergic, antith-
rombotic, anticarcinogenic, hepatoprotective, and vasodilator
activities.9,10

M. alba is a rich source of bioactive compounds. Flavonoids
are the most abundant phenolic chemical class identified in M.
alba leaves. These compounds are likely responsible for the
bioactivities of the M. alba leaves. Phenolic compounds are
natural antioxidants provided by the secondary metabolism of
plants that protect multiple organs from oxidation.2 Other
classes of compounds found in M. alba leaves are benzofurans,
phenolic acids, chalcones, alkaloids, coumarins, and stilbenes.
Oxyresveratrol is the only stilbene present in M. alba with
proven anti-inflammatory benefits. Deoxynojirimycin and
fagomine are important alkaloids that contain compounds of
one or more basic nitrogen atoms in a polyhydroxylated
heterocyclic ring. Other major compounds include moracins
(benzofurans), caffeoylquinic acids (phenolic acids), and
morachalcones. Major flavonoids are rutin, kuwanons,
quercetin-3-O-b-D-glucopyranoside, quercetin-3,7-di-O-b-D-
glucopyranoside, cyclomorusin, moragrols, moracinflavans,
and morkotins.9 Previously reported compounds like rutin,
isoquercitrin, and astragalin have been found to exhibit
antioxidant activity.10 One of the earlier conducted studies
found that aminosugars like 1-deoxynojirimycin, flavonoids like
rutin, and phenolic acid compounds like chlorogenic acid in
the M. alba leaves exert an antidiabetic effect.11 Polysacchar-
ides extracted from M. alba leaves showed anti-obesity effect
by inhibiting lipid absorption in obese mice.12

For quality control analysis of finished and raw products,
separation techniques such as high-performance liquid
chromatography (HPLC) gas chromatography, and thin-layer
chromatography (TLC) are among the most common
analytical methods of preference. However, it is complicated
to associate this information with the biological (antioxidant,
antibacterial, and antidiabetic) properties of medicinal plants.
To overcome this difficulty, TLC-MS-bioautography has
evolved as a novel technique for the biological separation of
constituents due to the feasibility of separating many samples
in parallel and due to the presence of an open layer permitting
solvent evaporation in herbal products. Nowadays, TLC
fingerprint of plant extracts is becoming a routine analytical
approach because of its high sample throughput, low
operational cost, and minimal sample cleanup. TLC has
various advantages, including cost-effectiveness, running multi-
ple samples simultaneously with a little amount of mobile
phase, and minimum analysis time and cost per sample.13

Ultra-performance liquid chromatography coupled-mass spec-
trometry (UPLC-MS) has recently emerged as a powerful and
reliable analytical technique for the identification of phenolic
compounds, flavonoids, and other chemical metabolites.14

To the best of our knowledge, no baseline data or research is
currently available on the nutritional composition of different
varieties of M. alba leaves grown in Kashmir. Meanwhile,
scientific evidence for their biofunctional properties and chemo
profiling is lacking. Thus, keeping this in consideration, the
present study aimed to investigate the in vitro antioxidant and
antidiabetic potential of M. alba leaves. Furthermore,
metabolomic analysis through TLC-MS-bioautography and
UPLC-MS was done to identify the bioactive compounds
present in indigeneous varieties of M. alba leaves. This will be

the first study on the identification of hypoglycemic and
antioxidant compounds from M. alba leaves using TLC-MS-
bioautographic approach. The findings of the current study
may provide a starting point for the research on different
varieties of M. alba leaves grown in Kashmir that might be
useful for designing novel nutraceutical formulations and
functional foods.

■ MATERIALS AND METHODS
Collection of Plant Material and Extract Preparation.

M. alba leaves were collected from Moriculture Division
Pampore, Jammu and Kashmir. The plant specimen was
authenticated and identified by Pawan Saini, Scientist-B,
Moriculture Division CSR and TI, Pampore, Jammu and
Kashmir. The leaves were freed from any visible foreign matter,
washed with distilled water, and properly shade-dried. The
dried leaves were ground into fine powder, accurately weighed
(50 g), and extracted through maceration with continuous
stirring for 24 h using methanol.
All the extracts were filtered with Whatman filter paper 41,

and the filtrate was evaporated to dryness under reduced
pressure. The dried extracts of different varieties of M. alba
were stored at 4 °C for further analysis.
Proximate Analysis and Mineral Content. Different

varieties of M. alba were analyzed for moisture, ash, crude
protein, and crude fat using the methods described by the
protocol of the Association of Official Analytical Chemists
(AOAC, 2005). Triplicate samples were used for the
determination of each parameter, and the values reported are
mean ± SD.
Estimation of Ascorbic Acid Content. Ascorbic acid was

estimated by the titration method with slight modifications.15

Briefly, 0.5 mL of extract was added to the titration flask
containing 25 mL of glacial acetic acid (3.0%) and
metaphosphoric acid (8.0%). The mixture was then titrated
against 2, 6-dichloroindophenol solution (0.025%) until the
pink color of the solution remained for 8−10 s. The ascorbic
acid content was calculated based on the standard curve and
was expressed as mg ascorbic acid/g of leaves.
Estimation of Total Phenolic Content. The total phenol

content of each extract was determined by the Folin-Ciocalteu
method with some modifications.16 Briefly, 0.5 mL of extract
was mixed thoroughly with 2.5 mL Folin-Ciocalteu (10%) and
2.5 mL sodium carbonate in a test tube. The tubes were
vortexed for a few seconds and incubated in a dark place for 45
min for color development. After incubation, the absorbance
was measured by a UV spectrophotometer at 760 nm.
Different concentrations of gallic acid were used to make a
calibration curve. The results of the total phenolic content of
extracts were expressed as mg/g gallic acid equivalent (GAE)
of dried extract. Each sample was assayed in triplicate.
Estimation of Total Flavonoid Content. The total

flavonoid content (TFC) of extracts was determined by the
aluminum chloride method with some modifications.13 Briefly,
0.5 mL of extract solution was added in 0.1 mL sodium acetate
(0.1 mM) and 0.5 mL aluminum chloride. The mixture was
made up 5.0 mL of distilled water and incubated at room
temperature for 30 min. After incubation, the absorbance was
measured at 415 nm. Different concentrations of rutin were
used to make a calibration curve, and TFC in extracts was
expressed as mg/g rutin equivalent of dried extract.

In Vitro Antioxidant Activity. DPPH Scavenging
Potential. The free radical scavenging potential of the extracts
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was determined by a 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
assay.17 A solution of 0.1 mM of DPPH in methanol was
prepared, and 1.5 mL of this solution was mixed with 0.5 mL
of different concentrations of sample extract (100−500 μg/
mL). Furthermore, the reaction mixture was left in a dark place
for 30 min, and finally, the absorbance of the mixture was
measured at 517 nm in a UV−visible spectrophotometer.
Ascorbic acid was used as a reference standard.
Free radical scavenging activity was calculated by the

following equation

{ } ×(A A /A ) 1000 1 0

where A0 is the absorbance of the control, and A1 is the
absorbance of the extracts and standard. The concentration of
sample required to scavenge 50% of the DPPH free radical
(IC50) was determined from the graph of sample against the
respective concentration.
Reducing Power Assay. The reducing power of all

extracts was determined by evaluating the transformation of
Fe3+to Fe2+ according to the protocol of Zahiruddin et al.13

Different concentrations of the sample extract (100−500 μg/
mL) were mixed with 2 mL of phosphate buffer maintained at
pH 6.7 and 2 mL of potassium ferricyanide solution. The
whole mixture was incubated for 30 min at 45 °C. After
incubation, 2 mL of trichloroacetic acid (10 g/100 mL) was
added to each sample and centrifuged for 10 min. After
centrifugation, 5 mL from the upper layer of each sample was
taken and mixed with 5 mL of distilled water and 1 mL of ferric
chloride (0.1 g/100 mL). Then, after continuous shaking, the
absorbance of the solution was measured at 700 nm in a UV−
visible spectrophotometer. The higher the absorbance, the
greater the reducing power.
In Vitro α-Amylase Inhibitory Potential. α-Amylase

activity was carried out as per the reported method with slight
modifications.18 Briefly, 1.0 mL of sample and standard
(acarbose) together with 1.0 mL α-amylase (4 units/mL
prepared in sodium phosphate buffer and maintained at a pH
6.8) were mixed and incubated for 25 min at 37 °C. Further,
1.0 mL of 1% w/v starch was added to the mixture, and the
whole mixture was then incubated for 45 min at 37 °C.
Further, 100 μL of supernatant was taken out and glucose
concentration was measured by glucose reagent. The α-
amylase activity of all extracts was determined by estimating
the glucose concentration according to the mentioned
protocol. Different concentrations of all extracts (100−500
μg/mL) were prepared in methanol and tested for α-amylase
inhibition potential and % inhibition of enzyme activity and
calculated as

=
×

% Inhibition (absorbance of control absorbance of

sample) 100/absorbance of control

In Vitro α-Glucosidase Inhibitory Potential. The α-
glucosidase inhibitory studies were performed spectrophoto-
metrically according to a reported method with slight
modifications.19 The assay was performed in triplicate, and
the results were expressed as the sample concentration
required to inhibit 50% of the enzyme activity (IC50). Briefly,
120 μL of different concentrations of each extract and 20 μL of
1 unit/mL α-glucosidase in 0.1 M potassium phosphate buffer
(pH 6.8) were incubated for 15 min at 37 °C. The reaction
was initiated by adding 20 μL of 5 mM para-nitrophenyl-α-D-
glucopyranoside prepared in 0.1 M potassium phosphate

buffer, and the mixture was further incubated for 15 min.
Finally, the reaction was terminated by adding 80 μL of 0.2 M
sodium bicarbonate in 0.1 M potassium phosphate buffer, and
then, absorbance was measured at 405 nm. The results were
calculated as % inhibition of enzyme activity and calculated as

=
×

% Inhibition absorbance of control absorbance of
sample 100/absorbance of control

TLC Fingerprinting Profile of the Best Active Extract.
TLC was used to separate the metabolites of the best active
extracts (Zagtul). 30 mg of the extract was dissolved in 1 mL of
HPLC-grade methanol separately to obtain 30 mg/mL
working stock solutions. The stock solution was then filtered,
and 4 μL of extract solution was separately applied on silica gel
60 F254 precoated TLC plates, 10 × 10 cm (Merck, Germany)
with the help of Camag Linomat V (Camag, Switzerland)
applicator. The sample solution was applied with a 6 mm wide
band using a Camag Linomat V automated TLC applicator
with the nitrogen flow providing a delivery speed of 150 nL/s
from the syringe. Plates were developed vertically, in a Camag
twin trough glass chamber previously saturated with mobile
phase for 25 min at room temperature with a linear ascending
mode of up to 80 mm. Different types of mobile phases with
varied ratios were involved for better separation of metabolites
present in the extract by the hit-and-trial method. However,
using the solvent system toluene:ethyl acetate:formic acid
(5:4:1, v/v/v) as a mobile phase, maximum separation of
metabolites was achieved based on optimal bands with
compactness in terms of resolution in TLC plates. The
optimized saturation time for the mobile phase was 25 min at
room temperature (25 ± 2 °C) and 60 ± 5% relative humidity.
Finally, the developed plate was scanned at two different
wavelengths, that is, 254 and 366 nm, with a TLC scanner III
(Camag, Switzerland), with a slit dimension of 6 × 0.45 mm,
and the scanning speed was 10 mm/s13

Rapid Screening of DPPH Scavenging Metabolites
from the Best Variety of M. alba by TLC-MS-
Bioautography. TLC-MS-bioautography was done to iden-
tify the DPPH scavenging metabolites in the best variety of M.
alba. The same mobile phase that was used in TLC was
utilized for bioautography analysis. The air-dried plate was
dipped in a 5 mM methanolic solution of DPPH solution for
DPPH scavenging metabolite. The presence of antioxidant
compounds was detected by yellowish spots against a purple
background. Finally, the parallel track of the yellowish band
was scrapped from the second plate. The scrapped spot of
silica gel was dissolved in LC-MS-grade methanol. The
dissolved silica gel was centrifuged at 3000 rpm for 10 min,
and the supernatant was separated and filtered through a 0.2
μM PTFE membrane filter. The filtered samples were
processed for MS.
Rapid Screening of α-Glucosidase Inhibitor Metabo-

lites from the Best Variety of M. alba by TLC-MS-
Bioautography. α-Glucosidase (100 U) was dissolved in
acetate buffer, and substrate solution was prepared by
dissolving p-nitrophenyl α-D-glucopyranoside (p-NPG) in
50% aqueous ethanol and fast blue in distilled water. The
same mobile phase that was used in TLC was utilized for
bioautography analysis. The air-dried plate was dipped in an
enzyme solution and incubated in a desiccator for 1.5 h. After
incubation, the plate was dipped in a substrate solution (p-
NPG:fast blue in 1:1 ratio). Glucosidase inhibition was visible
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on the TLC plate by the appearance of a white spot on light
purple/violet background within 5 min. Similarly, the parallel
track of the whitish spot was scrapped from the second plate.
The dissolved silica gel was centrifuged at 3000 rpm for 10
min, and the supernatant was separated and filtered through a
0.2 μM PTFE membrane filter. The filtered samples were
processed for MS.
In the present study, MS was performed on a Waters

ACQUITY UPLC system equipped with a binary solvent
delivery system, an autosampler, a column manager, and a
tunable MS detector. Separated metabolites present in
different samples were tentatively identified based on their
m/z value from the mass data bank.
UPLC-MS Analysis of the Extract. Waters ACQUITY

UPLC system (serial no. #F09 UPB 920M; model code #
UPB; Waters Corp., MA, USA), which is equipped with a
binary solvent delivery system, a column manager, an
autosampler, and a tunable MS detector (serial no # JAA
272; Synapt; Waters, Manchester, UK), was used for UPLC-
MS analysis of extract. The extract was chromatographically
separated in the previously degassed mobile phase consisting of
0.5% v/v formic acid in water (A) and acetonitrile (B) in
gradient elution mode (initially 100% A and held for 5 min;
further, decreased to 5% A in 20 min). Waters ACQUITY
UPLC BEH C18 (100 × 2.1 mm × 1.7 μm) column was used,
and the flow rate of the mobile phase was 0.4 mL/min. The
column manager and sample manager temperature were set to
35 ± 2 and 25 ± 2 °C, respectively. About 10 μL of the sample
was injected with a split mode of 5:1 with the help of an auto-
injector, and the pressure of the system was set to 15,000 psi.
The separated metabolites were detected by the MS detector.
The nebulizer gas and cone gas were set to 500 and 50 L/h,
respectively. The source temperature of the MS detector was
set to 100 °C. The capillary voltage and cone voltage were set
to 3.0 and 40 kV, respectively. For collision of ions, argon gas
was used at a pressure of 5.3 × 10−5 Torr. Both UPLC and the
mass detector were operated by using MassLynxV4.1 software
incorporated with the instrument. The separated compounds
were identified based on their m/z value through a literature
survey.20

■ STATISTICAL ANALYSIS
For each measurement, three replicates of samples were taken
and mean ± standard deviation values were reported. The
results were analyzed using Student’s t-test procedure to
determine the level of significance; p values of less than 0.05

were considered to be statistically significant. The analysis was
performed using GraphPad prism software (GraphPad
software Inc., version 7, Chicago, IL, USA).

■ RESULTS
Extraction is an important step in the route of phytochemical
processing for the discovery of bioactive constituents from
plant extract. The selection of an appropriate extraction
technique is important for the standardization of herbal
products.13 The dried leaves of different varieties of mulberry
extracts were extracted using methanol by cold maceration
method on a mechanical shaker for 24 h at 1600 rpm. The
highest extractive yield was found in Zagtul (28.44 ± 3.52%)
followed by Chattatual (25.93 ± 2.84%), Chattatual Zaingir
(18.76 ± 2.22%), and Brentul Kashmir (18.34 ± 2.07%).
Proximate Analysis of Different Varieties of M. alba.

Proximate analysis is usually done for determining the values of
means the components of moisture, crude protein, ash, crude
fiber, fat, and macronutrients in food samples. The mean values
of percentage proximate composition for the leaves of four
different varieties of M. alba are summarized in Figure 1A. The
statistical analysis of data indicated non-significant differences
among the varieties for all proximate parameters analyzed.
Among all varieties, moisture content was found to be the

highest in Chattatual Zaingir (12.43 ± 1.03%) on a dry basis
and lowest in Zagtul (10.53 ± 0.51%). The minimum and
maximum ash contents were observed in Chattatual Zaingir
(10.95 ± 0.83%) and Brentul Kashmir (12.22 ± 1.01%),
respectively, on a dry weight basis. A higher ash value indicates
the presence of heavy amounts of inorganic nutrients in plant
materials.21 However, low moisture content may lead to
roughness of leaves.15

Lipid estimation is among the key factors for the nutritional
assessment of any material. The different varieties of M. alba
exhibited considerable variation in the content of lipids;
Chattatual (6.51 ± 0.51%) contained the highest and Zagtul
(4.8 ± 0.33%) contained the lowest percentage of lipid
content. However, these values were lower as compared to
previously reported by Iqbal et al.15 There was a small
difference in protein content between different varieties of M.
alba. Zagtul variety had the highest content of protein (12.92 ±
0.77%) and Chattatual had the lowest protein content (11.68
± 0.71%). The trend of protein content in leaves from all the
investigated varieties was observed in the following order:
Zagtul > Brentul Kashmir > Chattatual Zaingir > Chattatual.

Figure 1. (A) Proximate analysis of four different Kashmiri varieties of M. alba. (B) Mineral content of different varieties of M. alba.
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Dietary fibers are non-starch polysaccharides that bind
minerals and accelerate their passage through the digestive
tract; as a result, bioavailability and absorption of nutrients is
reduced. All the varieties contained an appreciable amount of
crude fiber. Like protein content, there was a small difference
in crude fiber between different varieties, which was almost
similar to that reported earlier by Yen et al.22 M. alba is also an
important source of some minerals. The mineral content of
different varieties is shown in Figure 1B. In our study among all
the minerals, the amount of calcium was present in higher
quantities followed by magnesium, zinc, and iron. The iron
content was in the range of 0.32 ± 0.07−0.4 ± 0.06 mg/g, and
the highest was found in Brentul Kashmir and the lowest in
Zagtul and Chattatual. The calcium content was in the range of
10.34 ± 0.69−11.22 ± 1.23 mg/g. Among all the varieties,
calcium content was highest in Zagtul (11.22 ± 1.23) and
lowest in Brentul Kashmir (10.34 ± 0.69) variety. The
magnesium content was highest in Zagtul (6.88 ± 0.99) and
lowest in Chattatual Zaingir (5.52 ± 0.79 mg/g).
Ascorbic Acid Content of Different Varieties of M.

alba. Ascorbic acid is a naturally occurring organic compound
with antioxidant properties. The ascorbic acid content was
calculated based on the standard curve and was expressed as
mg ascorbic acid/g of powdered leaves. Ascorbic acid content
was found to be the highest in Zagtul (2.18 ± 0.33 mg/g)
followed by Chattatual (2.06 ± 0.30 mg/g) and Brentul
Kashmir (2.03 ± 0.29 mg/g), while the lowest content was
found in Chattatual Zaingir (1.89 ± 0.21 mg/g). The ascorbic
acid content of all the varieties of M. alba was in accordance
with the previously reported study by Erscisli and Orhan
(2007).23

Total Phenolic and Flavonoid Content of Different
Varieties of M. alba. Total phenolic and flavonoid contents
of different varieties of M. alba are expressed in terms of GAEs
and rutin equivalents, respectively. Among all varieties, Zagtul
had the highest phenolic and flavonoids content and
Chattatual had the lowest phenolic and flavonoid content.
The mean values of four different varieties of M. alba are
presented (n = 3). All varieties do not showed statistically
significant differences (p < 0.001). The reported phenolic and
flavonoid contents of different varieties of M. alba were higher
than those reported in the study by Iqbal et al.16 The
antioxidant activity is related to the production of phenolic
compounds and flavonoids. However, we observed significant
differences in phenolic and flavonoid contents of the same
species grown in Kashmir (Figure 2). Based on the phenolic

and flavonoid content, it could be inferred that M. alba
varieties are a good source of health-promoting bioactive
compounds. In the present study, the reported amounts of
phenolic and flavonoid contents of different M. alba varieties
are sufficient to achieve various biological activities.
Antioxidant Potential of Different Varieties of M.

alba. Searching and identifying natural and safe antioxidants,
especially those of plant origin, have notably increased in
recent years. M. alba leaves are rich in secondary metabolites,
including phenolics and flavonoids, which have antioxidant
activity due to their redox properties. Effects of different
varieties of M. alba on DPPH free radical scavenging activity
are shown in Figure 3. Maximum DPPH scavenging activity of
80.33% at a concentration of 500 μg/mL and an IC50 of 107.88
± 3.8 was observed for Zagtul variety, whereas free radical
scavenging potential for ascorbic acid was 93.59% with an IC50
of 81.78 ± 8.8 μg/mL. The lowest DPPH scavenging activity
was observed in Chattatual variety with an IC50 value of 307.19
μg/mL. The DPPH scavenging potential of M. alba varieties
increased with respect to the concentration of extract up to
400 μg/mL. Further, the increment of extract concentration
(up to 500 μg/mL) showed no increment in DPPH scavenging
potential. The scavenging effect of all the varieties of M. alba
was compared with ascorbic acid.
Ferric reducing power was also significantly higher for Zagtul

followed by Brentul Kashmir, Chattatual Zaingir, and
Chattatual (Figure 3). The enhancement in antioxidant activity
of M. alba varieties could be attributed to the presence of
higher amounts of phenolic and flavonoid contents. The
reducing power potential of different varieties of M. alba was
linearly proportionate to DPPH scavenging activity. The mean
values of four different varieties of M. alba are presented (n =
3). All varieties were found to possess a significant antioxidant
potential with P-value summary*** and p-value (one-tailed)
<0.0001.
Overall, the order of antioxidant potential of M. alba

varieties for all the above antioxidant assays was as follows:
Zagtul > Brentul Kashmir > Chattatual Zaingir > Chattatual.
Hence, it may concluded that the M. alba leaves may be used
as alternatives to synthetic antioxidants.
Determination of In Vitro α-Amylase Inhibitory

Activity of Different Varieties of M. alba. The α-amylase
is a calcium-containing metalloenzyme that breaks down the α-
1,4 linkages of polysaccharide to monosaccharide in the oral
cavity.21 α-Inhibitory potential of different varieties showed
significant dose-dependent inhibition with an average inhib-
ition of 78.55 ± 2.53% at a concentration of 500 μg/mL and
an IC50 of 74.76 ± 6.76 μg/mL, as shown in Figure 4.
However, the average inhibition of acarbose at 500 μg/mL was
87.67 ± 3.67% and IC50 was 35.34 ± 4.87 μg/mL. The mean
values of four different varieties of M. alba are presented (n =
3). All varieties were found to possess the significant α
glucosidase inhibitory potential with p-value summary*** and
p-value (one-tailed) <0.0001.
Determination of In Vitro α-Glucosidase Inhibitory

Activity of Different Varieties of M. alba. α-Glucosidase is
a sequence of enzymes present on the intestinal brush border.
The important carbohydrates in food such as sucrose and
starch are hydrolyzed to monosaccharides, such as glucose and
fructose by an α-glucosidase enzyme and subsequently
absorbed into the blood, thereby raising blood glucose
value.24 The results of α-glucosidase inhibitor activity of
different varieties of M. alba are presented in Figure 4. In the

Figure 2. Total phenolic and flavonoid contents of four different
Kashmiri varieties of M. alba.
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present study, all varieties of M. alba exhibited excellent α-
glucosidase inhibition. The results showed a significant dose-
dependent inhibitory potential with an average inhibition of
73.03 ± 1.23% at a concentration of 500 μg/mL and an IC50 of
109.19 ± 5.78 μg/mL for Zagtul and 62.45 ± 3.24 at a
concentration of 500 μg/mL with an IC50 of 241.25 ± 8.98
μg/mL for Chattatual. The mean values of four different
varieties of M. alba are presented (n = 3). All varieties were
found to possess a significant α glucosidase inhibitory potential
with p-value summary*** and p-value (one-tailed) <0.0001.
This enzyme inhibition ability might be attributed to the

polyhydroxylated alkaloids and specific phenolic compounds
presented in different M. alba varieties from Kashmir. Based on
the above studies, among all the varieties, Zagtul was found to
be the best variety, and it was selected for further analysis.
TLC Fingerprinting Profile of Best Active Extract for

Quality Control Analysis. TLC fingerprint is a commonly
used method to obtain the patterns of metabolites from plant
materials. If any plant material has the same TLC fingerprint
pattern, it may have the same biological activity.13 TLC was

used to separate the metabolites of extract, various mobile
phases with varied ratios were used for the separation of the
compound in extract, and toluene:ethyl acetate:formic acid
(5:4:1, v/v/v) was the best solvent system for maximum
separation of bioactive compounds. The result of TLC
fingerprinting of the best variety of M. alba (Zagtul variety)
showed 6 bands at each wavelength with Rf values of 0.06,
0.54, 0.56, 0.63, 0.70, and 0.96 at 254 nm and Rf values of 0.06,
0.51, 0.56, 0.63, 0.70, and 0.96 at 366 nm (Figure 5). The
bands at Rf values of 0.06, 0.56, 0.63, and 0.96 were found to
be common at both wavelengths.
Identification of DPPH Scavenging Metabolite by

TLC-MS-Bioautography. TLC-bioautography links separa-
tion on the adsorbent layer with biological tests performed
directly on it in order to identify DPPH scavenging metabolite.
Under visible light, the derivatized plate with DPPH solution
was analyzed, and a yellowish band on a purple background
indicated the presence of DPPH scavenging metabolite;
chlorogenic acid (Rf 0.63) was confirmed by mass spectros-
copy (Figure 6). The study conducted by Memon et al.

Figure 3. Free radical scavenging and reducing power capacity of four different Kashmiri varieties of M. alba.

Figure 4. α-Amylase and α-glucosidase inhibitor activity of four different Kashmiri varieties of M. alba.
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reported that chlorogenic acid is a major phenolic compound
in M. alba leaves.25

Identification of α-Glucosidase Inhibitor Metabolite
by TLC-MS-Bioautography. The α-glucosidase inhibitor
metabolite present in the best variety of M. alba was separated
on a developed TLC plate using the same mobile phase and
determined the responsible α-glucosidase inhibitor metabolite
with their inhibition zones. Under visible light, the derivatized
plate with α-glucosidase inhibitor was analyzed, and a light
purple/violet background and detected by comparing exper-
imental data for the m/z ratio of molecular ion peak and with
those of the literature reports and mass bank library. Two
metabolites were identified as α-glucosidase inhibitors by mass
spectroscopy: DNJ (Rf 0.70) and syringic acid (Rf 0.56)
(Figure 6).

Identification of Metabolites of Best Variety of M.
alba by UPLC-MS. Massbank, chemical library, and literature
survey were used to identify the metabolites present in the
extract. The main abundant metabolites of the extract are
summarized in Table 1, and the structure of separated
metabolites is shown in Figure 7. The UPLC-MS chromato-
gram examination revealed different peaks, indicating the
presence of 19 phytochemical components. The isolated
compounds are shikimic acid (Rt 0.170), chlorogenic acid
(Rt 3.6), coumarin (Rt 4.56), 8-hydroxyquinoline (Rt 3.03),
gentisic acid (Rt 1.66), ferulic acid (Rt 0.95), moracin N (Rt
3.60), 1-deoxynojirimycin (Rt 3.18), gallic acid (Rt 5.75),
3′,4′,6-trimethoxyflavanone (Rt 0.88), morusimic acid E (Rt
2.02), atalantoflavone (Rt 0.42), 2′,5-dimethoxyflavone (Rt

Figure 5. Developed TLC plate photograph of Zagtul variety of M. alba at (A) 254 nm and (B) 366 nm.

Figure 6. Developed TLC-bioautography plate photograph of Zagtul variety of M. alba and mass spectrometry chromatogram of identified
metabolites after being stained with DPPH and α-glucosidase.
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4.27), morin (Rt 4.00), 1,3-dicaffeoylquinic acid (Rt 3.69), and
vanillin (Rt 0.73).

■ DISCUSSION
Traditional medicinal plants have a long history and are still
used in basic healthcare by indigenous peoples. These
medicinal plants are gaining popularity as medical options in
both developed and developing countries to cure a variety of
ailments.26 Natural antioxidants that are present in the leaf and
other parts of a plant are responsible for inhibiting or
preventing the harmful costs of oxidative stress.27 The herbal
metabolites and derived constituents are extensively used
globally due to their efficacy with rarer side effects.28

Mulberry is a superb natural matrix because of its wide range
of bioactive properties.M. alba contains a significant amount of
alkaloids, glycosides, lipids, organic acids, volatile oils, proteins,
carbohydrates, fibers, mineral contents, and some vitamins or
their precursors.29,30 Traditionally, it has been used in Asia as a
medicine to treat a variety of infectious and internal disorders.
Unexplored information regarding mulberry is valuable to
researchers, and its utilization in functional foods and
medicines is the need of the hour. However, due to a lack of
approved and standardized techniques for its examination, it is
yet to be recognized in the scientific world.31 India is the
second-largest cultivator of mulberry in terms of acreage,
mainly in its northern Himalayan region. In India, mulberry is
known as “Kalpa Vruksha” as all the parts are used in the
traditional system of Ayurvedic medicine.32 Kashmir is a fertile
land for mulberry production. It is a known fact that the
mulberry silkworm reared in the state of Jammu and Kashmir
produces superior quality cocoon. However, limited informa-
tion is available on the medicinal benefits of mulberry varieties
cultivated there, and till date, no baseline research is available.
Therefore, we carried out a study to identify the key
therapeutic candidates from a phytochemical matrix of M.
alba leaves grown in the Kashmir region of North India.
Furthermore, based on conducted investigations, a comparison
was made among leaves of selected species regarding their
proximate composition, antioxidant activity, and antidiabetic
and nutraceutical potential.

Four varieties of M. alba cultivated in Kashmir, viz, Zagtul,
Chattatual, Chattatual Zaingir, and Brentul Kashmir, were
examined for proximate analysis and in vitro antioxidant and
antidiabetic potential. The extraction of bioactive constituents
from plant materials with strong antioxidant activity is affected
by several factors. Among them, the method and choice of
solvent are of foremost significance.13 Zagtul variety contained
the highest amount of protein (12.92 ± 0.77%) and dietary
fiber and the lowest amount of fat (4.8 ± 0.33%) among all
other varieties. Previously, a study reported that dietary fiber of
mulberry may decrease lipids in the liver and increase the
activity of low-density lipoprotein receptor.33 The hypoglyce-
mic activity of mulberry leaves may be attributed to the high
fiber content. Thus, the presence of an appreciable lower
content of lipids and significant crude fiber content
demonstrates that different varieties of M. alba of the Jammu
and Kashmir belt of India can be a healthy food choice for
consumers to utilize as a nutraceutical or functional food. For a
wide range of physiological functions, a huge number of
minerals are necessary in trace amounts. Mulberry leaves were
also reported to possess important minerals such as iron,
magnesium, and calcium, which are also required for the
normal growth of humans.
A higher amount of phenolic and flavonoid content

corresponds to their stronger antioxidant activity.19 Many
phenolic and flavonoid compounds in M. alba have been
reported to have antioxidant and antidiabetic properties.11 The
flavonoid content in different varieties ranged from 34.91 ±
7.63 to 108.27 ± 6.64 mg rutin/g DW. Previously, one study
reported 57.83 ± 4.64 mg rutin/g in mulberry leaves.34

However, Radojkovic ́ et al., Thabti et al., and Wang et al.
reported a lower flavonoid content than that reported in the
present study (up to 33.3 mg/g).35−37 Phenolic content in
different varieties of M. alba varied from 32.91 ± 5.09 to 53.44
± 2.23 mg GAE/g DW. A study conducted earlier reported a
total phenolic content of 66.8 ± 0.8 mg/g in M. alba extract.35

Significant variation was found among different M. alba
varieties regarding their antioxidant activity. Zagtul variety
was characterized by the highest antioxidant activity among all
varieties. However, Chattatual variety showed the least

Table 1. List of Some Major Metabolites in M. alba Identified through UPLC-MS

S. N. Rt (min) accurate mass tentative mass mass ID compound Name chemical formula

1 0.17 174.05 174.90 PR100485 shikimic acid C7H10O5

2 0.42 336.3 336.56 PubChem14162621 atalantoflavone C20H16O5

3 0.54 712.70 712.65 PubChem 10117838 sanggenon T C40H40O12

4 0.73 152.04 153.98 ML005951 vanillin C8H8O3

5 0.88 314.34 314.95 NGA03341 3′,4′,6-trimethoxyflavanone C18H18O5

6 0.95 194.18 194.93 PM000409 ferulic acid C10H10O4

7 1.66 154.86 154.02 KO000574 gentisic acid C7H6O4

8 2.02 507.30 508.30 PR305805 morusimic acid E C24H45NO10

9 3.03 145.05 145.04 LU099402 8-hydroxyquinoline C9H7NO
10 3.18 163.17 164.94 PubChem 29435 1-deoxynojirimycin C6H13NO4

11 3.60 354.31 353.07 KO002577 chlorogenic acid C16H18O9

12 3.60 310.3 311.24 PubChem 641376 moracin N C19H18O4

13 3.62 342.30 343.37 PubChem 6124135 1-o-caffeoylglucose C15H18O9

14 3.69 516.4 515.75 PubChem 6474640 1,3-dicaffeoylquinic acid C25H24O12

15 4.00 303.23 301.16 PubChem 5281670 morin C15H10O7

16 4.27 282.08 282.51 BML01757 2′,5-dimethoxyflavone C17H14O4

17 4.56 146.03 146.93 NA002586 coumarin C9H6O2

18 5.72 542.67 542.00 PR300530′ puberanidine C30H42N2O7

19 5.75 170.12 171.05 PM000401 gallic acid C7H6O5
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antioxidant activity. The differences in antioxidant activity
among different varieties could be preliminarily attributed to
their different polyphenol compositions and concentrations.

α-Glucosidase is a key enzyme in releasing glucose by
hydrolyzing oligosaccharides; it can then cause postprandial
hyperglycemia and result in type 2 diabetes. Therefore,
identifying inhibitors of α-glucosidase is important. Natural
compounds, primarily from foods or medicinal plants, have
recently gained a lot of attention as alternative α -glucosidase
inhibitors. Mulberry leaves, a Chinese herbal remedy, are an
efficient α-glucosidase inhibitor.38 In our case, the α-
glucosidase and α-amylase inhibitory activity of all M. alba
leaves increased dose dependently. Lower IC50 values indicate
higher α-glucosidase and α-amylase inhibitory activity. As
shown in Figure 4, the α-amylase and α-glucosidase inhibitory
sequence was Zagtul > Brentul Kashmir > Chattatual >
Chattatual Zaingir. Therefore, the present result indicated
that the methanolic extracts of M. alba are an effective α-
glucosidase and α-amylase inhibitors. Hence, the present study
implied that the mulberry grown in the Kashmir region can be

utilized as an antidiabetic food supplement and a good
alternative to synthetic antidiabetic drugs.
The TLC fingerprint of the plant materials can be used for

quality control to confirm product quality and safety.18 This
approach, however, can also be used to differentiate between
closely related species of this plant.39 TLC profiling is a typical
method for attaining metabolite patterns from plant extracts.
TLC-MS-bioautography assay being a simple and versatile

approach was used to determine the active antioxidant in a
mixture of compounds. Earlier, a study resulted in
identification of constituents with antimicrobial and radical
scavenging activities from M. alba roots by TLC-MS-
bioautography technique.35 The current study is the first
report on identification of hypoglycemic compounds from M.
alba leaves using TLC-MS-bioautography approach.
On the TLC plates, antioxidant and antidiabetic compounds

were seen as yellow spots on a purple background and whitish
spots on a light purple/violet background, respectively (Figure
6). Chlorogenic acid was the antioxidant compound identified
in Zagtul variety by TLC-MS-bioautography based on its mass

Figure 7. Chemical structures of bioactive metabolites identified through UPLC-MS in M. alba leaves.
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and charge ratio obtained from MS analysis. Arfan et al.
confirmed the presence of chlorogenic acid as the predominant
phenolic constituent by HPLC method in mulberry.40

However, DNJ and syringic acid were the main antidiabetic
compounds present in M. alba leaves as identified through
TLC-MS-bioautography analysis. DNJ is a unique polyhy-
droxylated alkaloid present in M. alba leaves. Besides being a
potent α-glucosidase inhibitor, it also encourages weight loss
by increasing adiponectin levels, which plays a significant role
in energy intake and in the prevention of diet-induced
obesity.41 Syringic acid is a major phenolic acid present in
M. alba leaves. Syringic acid can increase insulin secretion of
pancreatic β-cells and regulate the plasma glucose level. The
TLC bioautographic approach presented here is very simple
and fast and can be utilized to differentiate the biological
activity of M. alba extracts obtained by different extraction
techniques or solvents.
Furthermore, to identify the diverse metabolites present in

the extract, UPLC-MS analysis was performed. UPLC-MS is
the most acceptable approach for the identification of both
polar and nonpolar metabolites. Chlorogenic acid (Rt 3.34) is
among the phenolic compounds from the hydroxy cinnamic
family, which is recognized for its antioxidant properties
against free radicals. It has been shown to play a function in
reducing oxidative and antidiabetic complications in both in
vitro and in vivo studies.37,38 This phenolic acid is identified in
other conducted studies as constituents of M. alba leaves.36

Gentisic acid (Rt 1.66) is a diphenolic compound and a
derivative of benzoic acid, which was previously isolated from
M. alba fruit by Natic ́ et al.42 DNJ (Rt 3.18) is an alkaloid and
a biologically active natural compound that exists mainly in M.
alba leaves. DNJ has been shown to inhibit intestinal alpha
glucosidase.43 Atalantoflavone (Rt 0.42) is a potent prenylated
cytotoxic flavonoid identified in M. alba. It has an
anticancerous activity against human cervical carcinoma
HeLa, human breast carcinoma MCF-7, and human
hepatocarcinoma Hep3B cells.44 Similarly, another secondary
metabolite, viz, Moracin N (Rt 3.60), is a potent anticancer
agent and phosphodiesterase-4 inhibitor.42,43 Previously,
Aelenei et al. identified Moracin M, Moracin P pentoside,
Moracin P, and Moracin U in mulberry extracts by HPLC-
DAD-ESI-Q-TOF-MS/MS.34 Morin (Rt 4.00), a pentahydrox-
yflavone, is an important phytochemical in M. albawith strong
antioxidant, antibacterial, and antiviral effects previously
reported by Baliga et al.45 1,3-Dicaffeoylquinic (Rt 3.69) and
1-o-caffeoylglucose acid (Rt 3.62) are a type of hydrocinnamic
acid that were also separated in the present study. Earlier, both
these compounds were separated by Li et al. using UHPLC-
MS/MS in mulberry.46 Sanggenon T (Rt 0.54) is an
antimicrobial compound identified in our study. Previously,
Sanggenon T was identified in M. alba root bark by UPLC−
MS/MS.47 Sanggenol M was previously identified by Aelenei et
al. in mulberry extracts by HPLC-DAD-ESI-Q-TOF-MS/
MS.34

In lieu of the hypothesized relation between diabetes and
antioxidants, polyphenols present in our extract have the
potential to protect against the progression of diabetes.
Further, we chromatographically characterized the methanolic
extract of different varieties of M. alba leaves and investigated
bioactive principles. The results of this study will be helpful for
the development of food supplements and phytopharmaceut-
icals that can be used for the management of diabetes and
related complications.

■ CONCLUSIONS
Based on the current findings, it can be stated that all the
varieties ofM. alba are a good source of nutrients and minerals,
as well as having antioxidant and antidiabetic properties.
Among all the varieties, Zagtul showed the highest antioxidant
and antidiabetic potential. Comparative nutritional and
antioxidant properties of different varieties of M. alba grown
in Kashmir were evaluated for the first time. The overall study
on M. alba exhibited potent radical scavenging and antidiabetic
inhibition activities. The TLC-MS-bioautography screening of
compounds led to the identification of chlorogenic acid, DNJ,
and syringic acid as the major antioxidant and antidiabetic
bioactive principles of M. alba leaves, which was confirmed by
MS. Furthermore, UPLC-MS analysis led to the identification
of some important metabolites with versatile bio-functions.
Our results suggested that M. alba could be a promising source
of natural antioxidants for use in the food, pharmaceutical, and
cosmetic industries. These findings will be crucial in the design
of future dietary intervention studies investigating the function
of mulberry leaves in disease risk reduction, which further
justifies its traditional use. Moreover, this information will be
of considerable value to the commercial producers of mulberry
trees in Kashmir. However, further in vivo and clinical studies
are required for its complete efficacy and to identify the actual
dosage to establish specific biological effects against diabetic
condition.
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