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Abstract  Morus alba (M. alba) popularly known as white mulberry is a well-known and globally utilized 
functional food and nutraceutical. The effect of different brewing time (BT) on antioxidant and antihyperglycemic 
compounds released from M. alba leaves infusion was studied. Major compounds responsible for antioxidant 
activity were identified and quantified by high-performance thin-layer chromatography (HPTLC). Additionally, thin 
layer chromatography-mass spectrometry-bioautography (TLC-MS-bioautography) analysis was performed to 
identify the compounds responsible for antioxidant and antihyperglycemic activity. In vitro α-amylase and α-
glucosidase inhibitory activity grew in a linear manner with each BTs. Based on the findings, 7 and 10 minutes of 
BTs at 98°C were chosen as optimal for infusion preparation. Major phenolic acid i.e. chlorogenic acid at 7 and10 
minutes of BT in M. alba infusion was quantified as 89.93 µg/mL and 95.0 µg/mL respectively. However, major 
flavonoid rutin was calculated as 5.56 µg/mL and 8.79 µg/mL respectively. Deoxynojirimycin (DNJ), which is a 
potent α-glucosidase inhibitor was identified in M. alba infusion by ultra performance liquid chromatography-mass 
spectrometry (UPLC-MS) at Rt of 0.88 minutes. TLC-MS-bioautography revealed that chlorogenic acid, rutin, and 
DNJ are predominant antioxidant and antihyperglycemic compounds in M. alba infusion. UPLC-MS fingerprinting 
analysis concluded that M. alba infusion at 98°C for 7 and 10 minutes may be a good source of important alkaloids 
(fagomine), flavonoids (quercetin, morin), and carboxylic acid (fumaric acid), and other metabolites responsible for 
its antioxidant and antihyperglycemic activity favoring its utilization as a functional drink with therapeutic potential. 
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1. Introduction 

Sedentary lifestyles, rapid change in environmental 
conditions, and increased obesity has led to increase in 
diabetes mellitus [1]. During last few decades, diabetes 
has become a major health concern in both developed  
and developing countries. Globally, diabetic population  
is expected to increase to 366 million by 2030 [2]). 
Various studies have reported the antidiabetic properties 
of mulberry leaves. The plant is well-known for its 
phytotherapeutics potential throughout the world [3]. In 
Chinese traditional medicine, mulberry has been scripted 
for treatment of diabetes due to the presence of functional 

chemical constituents that controls elevated blood sugar 
levels post-carbohydrate-rich meal [4]. 

Mulberry is a fast-growing deciduous plant that grows 
in a broad range of soil, climatic, and topographical 
environments ranging from temperate to subtropical. 
Moraceae, also known as the mulberry or fig family, is a 
flowering plant of more than twenty-four species with one 
subspecies and at minimum hundred identified varieties. 
Morus nigra (black mulberry) M. alba (white mulberry), 
and Morus rubra (red mulberry) are all generally accepted 
worldwide species of genus Morus as they exhibit 
maximum medicinal properties. Amongst all, M. alba is a 
dominant species [5]. This multifunctional plant is 
renowned source of functional constituents and an 
important ingredient of traditional medicines particularly 
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leaves and fruits [6]. In Chinese and Ayurvedic medicine 
this plant is highly appreciated with significant discoveries 
regarding its insulin boosting potentials [7]. Tea made 
from M. alba leaves is famous in countries like China, 
Korea, Japan and Thailand; however in India M. alba tea 
is still not available at commercial level. It is very 
important to brew infusions for suitable time and 
temperature for effective extraction of DNJ which is a 
well-known potent α-glucosidase inhibitor. Previously one 
study reported that brewing of 230 mL of M. alba tea 
extracted at 98°C for 6.6 minutes contained 6 mg of DNJ 
[8]. 

Free radicals are thought to play an important role in a 
variety of diseases, according to some recent research 
findings.  Antioxidants scavenge free radicals and protect 
the human body from oxidative stress, which is considerd 
as leading cause of cardiovascular diseases and  
certain type of cancers. Some synthetic antioxidants, such 
as butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT) have been linked to cause severe 
adverse effects to human health. Furthermore, due to 
safety restrictions of synthetic antioxidant compounds, 
antioxidants obtained from natural sources and edible by-
products have raised interest towards their use. Amongst, 
various natural sources of antioxidants tea is identified  
as one of functional foods providing pharmaceutical 
effects on human health, particularly antioxidant potential  
due to presence of phenolic agents [20]. All parts of the  
M. alba including leaves, roots, bark, fruits and stems are 
reported to have good antioxidant capacity [4]. A wide 
range of constituents present in M. alba exhibits 
hypoglycemic activities. Isolated compounds viz moracin, 
steppogenin-4′-O-β-D-glucosiade, and mulberroside from 
root bark of M. alba exhibits potential hypoglycemic 
effects on alloxan-diabetic mice [9]. Bioactive compounds 
like chlorogenic acid and rutin from M. alba leave have 
been reported to exert antidiabetic potential in vivo [3]. 
Polyhydroxylated alkaloids present in M. alba like,  
N-methyl-l-deoxynojirirnycin, 1,4-dideoxy-1,4-imino-o-
arabinitol, etc have been studied extensively for hypoglycemic 
effect, among these hypoglycemic constituents, DNJ 
possesses the most potent α-glucosidase inhibition [10]. 
This nitrogen containing sugars present in M. alba strongly 
inhibits the intestinal metabolism of disaccharides 
(especially sucrose), thereby restricting the amount of 
monosaccharide entering circulation. 

For quality control of raw and finished herbal products, 
separation techniques such as gas chromatography (GC), 
high-performance liquid chromatography (HPLC), and 
thin layer chromatography (TLC) are amongst the most 
common analytical methods of preference. Though, it is 
complicated to associate this information with biological 
(antioxidant, antibacterial, and antidiabetic) properties  
of medicinal plants. To overcome this difficulty,  
TLC-MS-bioautography has evolved as a novel technique 
for biological separation of constituents due to the 
feasibility of separating many samples in parallel and due 
to presence of an open layer permitting solvent 
evaporation in herbal products [11]. There are many 
analytical techniques that aid in separation, identification 
and quantification of bioactive constituents in M. alba, 
however fewer are reported on HPTLC methods. Tea 
made from Camellia sinensis, particularly, green tea is one 

of the most widely consumed beverages worldwide. Green 
tea is extensively supported by many studies for its 
antioxidant and antidiabetic properties. Administration of 
green tea has been reported to increase glucose tolerance 
significantly. Meanwhile, M. alba is an underutilized plant 
and commonly used as source for feeding Bombyx mori, 
with little scientific evidence regarding its antioxidant and 
antihyperglycemic effects. Hence, it was expected that 
addition of green tea to M. alba infusion will lead to 
further enhancement of its bioactive properties. 

Taking above discussed facts into consideration, we 
intended to investigate the effects of different BT of  
3, 5, 7 and 10 minutes on in vitro antioxidant and 
antihyperglycemic activity. Furthermore, we attempted to 
separate, quantify and identify different metabolite constituents 
including antioxidant and antihyperglycemic by HPTLC 
and UPLC-MS, respectively. Chemical constituents 
responsible for antioxidant and antihyperglycemic activity 
were identified by novel TLC-MS guided bioautography 
technique in optimized M. alba infusion. The research will 
demonstrate that M. alba infusions should be prepared 
with utmost care, taking into account the effects of 
brewing conditions on overall physiochemical and 
metabolic profiles. 

2. Materials and Methods 

2.1. Chemicals and Reagents 
Analytical markers (gallic acid, rutin, chlorogenic acid 

and DNJ), enzymes (α-glucosidase and α-amylase), fast 
blue, pNPG were obtained from Sigma Aldrich, USA. 
DPPH from SRL, India. Folin Ciocalteu reagent and 
sodium carbonate were obtained from Loba Chemie Pvt. 
Ltd., Mumbai, India. Other analytical grade reagents and 
chemicals were purchased from Merck Ltd., India. 

2.2. Collection and Authentication of Plant 
Materials 

M. alba leaves were collected and authenticated from 
Central Sericulture Research and Training Institute, 
Galander, Pampore, Jammu and Kashmir, India. Lipton 
and Samavar green tea leaves were purchased from a 
domestic market (New Delhi and Kashmir, India). 

2.3. Preparation of M. alba Infusions 
Infusions were prepared according to reported protocol 

[12]. The M. alba tea was made from the shade dried 
leaves of M. alba variety Zagtul (indigenous Kashmiri 
mulberry). Three types of infusions were made (A)  
M. alba leaves infusion, (B) M. alba leaves and green tea 
1 infusion (C) M. alba leaves and green tea 2 infusion. 
Infusion A was prepared by brewing 1 gram of M. alba in 
150 mL of distilled water (98 ± 2°C maintained by 
thermometer). Infusion B and C was prepared by brewing 
1 gram of M. alba leaves and green tea in the ratio of 9: 1 
in 150 mL of distilled water. The whole mixture was kept 
for 3, 5, 7, and 10 minutes (BT). After each infusion time 
period, the tea was immediately cooled at room 
temperature and filtered using Whatman’s filter paper  
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and kept under refrigerated conditions for further 
investigation. 

2.4. Estimation of Total Phenol and Flavonoid 
Contents in M. alba Infusions 

Total phenol content (TPC) and total flavonoid contents 
(TFC) of all M. alba infusions was estimated by Folin 
Ciocalteu and aluminum chloride method [13]. For TPC, 
0.5 mL infusion and 2.5 mL Folin-Ciocalteu (10%) and 
sodium carbonate (7.5% w/v) were mixed, vortexed and 
incubated at dark place for 45 minutes then absorbance 
was measured by UV spectrophotometer at 760 nm. TPC 
was expressed as mg of gallic acid equivalent/150 mL 
infusion. For TFC, 1.5 mL of infusion and methanol along 
with 0.1 mL of aluminum chloride and sodium acetate 
(0.1mM) were mixed and incubated for 30 minutes and 
absorbance was measured at 415 nm. The TFC of all 
infusion was expressed as mg rutin equivalent/150 mL 
infusion. 

2.5. Determination of Antioxidant Potential 

2.5.1. Estimation of Free Radical Scavenging Activity 
of M. alba Infusions 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging 
potential of all M. alba infusions was calculated by 
previously reported DPPH assay with slight modifications 
[13]. An aliquot of 25µL of tea infusion was added to  
225 µL of DPPH solution in methanol (0.01mM) at 
different dilutions in 96 well microplate. Furthermore, the 
microplate was kept aside in dark place for 30 minutes and 
finally the absorbance of the infusions was recorded at 
517 nm by ELISA reader. Vitamin C was used as a 
reference standard. 

 
sample control

Percentage scavenging activity
1 A / A 100= − ×

 

2.5.2. Estimation of Ferric Reducing Antioxidant 
Power of M. alba Infusions 

The ferric reducing antioxidant power (FRAP) was 
measured according to previously reported method with 
some modifications [14]. Freshly prepared 290 μL FRAP 
reagent was added in 10 μL of infusion and the 
absorbance was measured against a blank sample after 4 
minutes. Aqueous solutions of ferrous sulfate ranging 
from 100−1000 μM were utilized for the calibration of 
standard curve and the results were mentioned as  
mMFe /1g/150ml of infusion. 

2.6. Determination of in vitro Hypoglycemic 
Activity by α-amylase and α-glucosidase 
Inhibition Assay in M. alba Infusions 

The α-amylase and α-glucosidase inhibitory experiment 
was performed by previously reported method with minor 
modifications [15]. For α-amylase, 50 μL of all infusions 
of different BT was allowed to mix with amylase solution 
(4 units/mL) prepared in sodium phosphate buffer with pH 
maintained at 6.7. This solution was allowed to mix in 
microplate and incubated at 37°C for 25 minutes then  

0.1% of starch solution (50 μL) was added. After time 
duration of 10 minutes, 20 μL of 1M HCl was mixed to 
stop reaction and finally 120 μL of iodide solution was 
added and absorbance was recorded at 580 nm.  

For α-glucosidase, 120 µL of infusion was mixed 
together with 20 µL of α-glucosidase (1 unit/mL), in 
previously prepared 0.1 M potassium phosphate buffer 
with pH 6.8. The whole mixture was incubated for 20 
minutes at 37°C. Furthermore the reaction was initiated by 
adding 20 µL of 5 mM pNPG (para-nitrophenyl-α-D-
glucopyranoside) and allowed to incubate for 20 minutes. 
Finally the reaction was stopped by adding 80 µL of 
sodium carbonate and absorbance was recorded at 405 nm. 

The percentage inhibition of α-glucosidase enzyme 
activity measured as: 

 
control sample control

Percentage inhibition activity
A A / A 100= − ×

 

2.7. Identification and Quantitative 
Determination of Chlorogenic Acid  
and Rutin by HPTLC in Infusion B  

Identification and quantification analysis of chlorogenic 
acid and rutin in optimized infusion B at 7-10 minutes of 
BT was carried out by HPTLC technique. Standard 
solutions of chlorogenic acid and rutin (1 mg/mL) were 
prepared in methanol for validation and linearity of 
developed method. Both standards and samples were kept 
at -20ºC till further investigation. The samples application 
volume was (4.0 µL each and band length 6 mm)  
was applied on pre-coated silica gel 60 F254 plates  
(20 × 10 cm; E. Merck, 0.20 mm thickness) by means of  
Linomat V applicator (CAMAG, Switzerland). Plates was 
developed upto 8.0cmat ambient temperature in TLC 
development chamber containing presaturated solvent 
system of ethyl acetate: formic acid: acetic acid: water 
(8:0.5:0.5:1, v/v/v/v). After completely drying of spots, 
plates were visualized under short (254) and long (366) 
UV visible light. Quantification of chlorogenic acid and 
rutin was performed under two wavelengths of short and 
long wavelengths of 254 and 366 nm respectively by 
Camag TLC scanner III with Wincats1.2.3 software. 
Validation was performed according to the reported 
methods of ICH guidelines [15]. 

2.8. TLC-MS-Bioautography 
TLC-MS-bioautography assay is used to determine the 

active antioxidant and antihyperglycemic constituent in a 
mixture of compounds as it is a simple and flexible 
method with high throughput. It enables rapid identification 
and characterization of lead compounds in complex raw 
samples as per their activity profile. Identification of 
active antioxidant and hypoglycemic compounds in 
infusions were detected by the following methods. 

2.8.1. TLC-MS-Bioautography of DPPH Active 
Compound in Infusion B 

DPPH assay is one of the most common and widely 
used antioxidant assays because it is simple, efficient, 
reasonably inexpensive, and rapid. Screening of DPPH 
compound through TLC-MS-bioautography assay is 
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advanced method due to numerous advantages like 
simplicity flexibility, and high throughput screening. After 
running the infusion B samples on TLC plates, the plate 
was dipped in a solution of 5.0 mM DPPH prepared in 
methanol. Only zones where colour changed from violet 
to dark yellow within the first 30 minutes were taken as 
positive results and indicating that the bands are active as 
an antioxidant. The correspondence region to DPPH 
scavenging activity from underivetized plates were 
scrapped and eluted with methanol (5% formic acid) for 
mass identification [16]. 

2.8.2. TLC-MS-Bioautography of α-amylase Active 
Compound in Infusion B 

TLC-MS-bioautography of α-amylase active compound 
was identified as per earlier reported protocol [15]. Briefly, 
10 mg of α-amylase was prepared in fresh 20 mL of 
sodium acetate buffer solution (HPLC water) with a pH of 
7.1 and kept at -20°C. Soon after the development of the 
plate with a suitable solvent system, the plate was dipped 
in enzyme solution (α-amylase) and incubated for 1.5 hr in 
a humid desiccator. Following the proper incubation 
period, the plate was again dipped in starch solution (1%), 
and incubated for 25 minutes for adequate enzyme 
substrate reaction. Lastly, the TLC plate was dipped in 
iodine solution. After drying of plate, the α-amylase active 
compound was able to be seen by visualizing the dark 
violet band on a dark brown color background. The 
correspondence region to α-amylase active compound 
from underivetized plates were scrapped and eluted with 
methanol (5% formic acid) for mass identification. 

2.8.3. TLC-MS-Bioautography of α-glucosidase Active 
Compound in Infusion B 

TLC-MS-bioautography of α-glucosidase active compound 
in infusion B was identified as per the earlier reported 
protocol with slight modifications [14]. Stock solution of 
α-glucosidase (100U/mL) was made in sodium acetate 
buffer solution. Developed plate was dipped in enzyme 
solution and subsequently incubated for 2 hrs in humid 
desiccator. Following the proper incubation period, the 
plate was again dipped in the mixture of 1:1 ratio of  
pNPG (2 mg/mL) and Fast-Blue B salt solution  
(2.5 mg/mL) and was incubated for 2.5 hrs. Mixture 
containing pNPG and Fast-Blue B salt solution works  
as the substrate for enzyme substrate reaction. The  
α-glucosidase active compound was seen on the TLC plate 
by the occurrence of white spot on a light purple/violet 
background. The correspondence region to α-glucosidase 
active compound from underivetized plates were scrapped 
and eluted with methanol (5% formic acid) for MS and 
identification of compounds. 

The part of the plates that showed activity were  
scraped off and eluted with methanol. The scraped spots 
along with silica gel were dissolved in LC-MS  
grade methanol through vortex and centrifuged at 4000 
RPM for 10 minutes to separate silica gel particles.  
The supernatants were separated and filtered through  
0.2 μM PTFE membrane filter. Finally the bioactive 
compounds on TLC plate were isolated and directly 
subjected to MS analysis which were identified using 
mass bank [15]. 

2.9. UPLC-ESI-MS/MS Equipment and 
Chromatographic Conditions for 
Separation and Identification of DNJ  
in Infusion B  

The samples were analysed using Waters Acquity 
UPLC-MS/MS Xevo TQD system (MA, USA) equipped 
with electrospray ionization operated in the positive 
ionization mode for separation of DNJ in infusion B. The 
column used was ACQUITY UPLC BEH HILIC column 
(2.1 × 100 mm, 1.7 μm particle size) using a isocratic 
mobile phase consisting of 0.1% v/v formic acid in water 
and acetonitrile (30:70) at a flow rate of 0.3 mL/min, with 
injection volume of 10 µL at a room temperature for 2 min. 
MassLynx 4.1 software was used to operate the mass 
spectrometer, where IntelliStart tool was utilized to 
optimize the MS/MS parameters, such as capillary, cone 
voltage, desolvation temperature, gas flow, collision 
energy, and dwell time, by directly infusing standard 
solution of DNJ (0.5µg/mL) into the mass spectrometer to 
obtain the highest and most stable signal of precursor and 
fragment ions. The source dependent parameters 
maintained for the analytes included:  desolvation gas 
flow: 800 L/, cone gas flow: 50 L/h, cone voltage: 28V, 
collision energy range: 18eV, capillary voltage: 3.00 kV, 
desolvation temperature: 350°C, and source temperature: 
110°C. The mass spectrometer was equipped with Z-
spray-electroscopy interface operating in positive ion 
mode. Two MRM (multiple-reaction monitoring) 
transitions 163.98→68.73, 163.98→79.28, 163.98→82.20 
and 163.98→59.87 were selected and optimized for each 
compound mode, by monitoring the transition pairs 
(precursor to product ion). MRM transitions were selected 
by IntelliStart tool of MassLynx 4.1 shown in 
Supplementary File 1. 

2.10.  Identification and Characterization of 
Metabolites in Infusion B by UPLC-MS 

Waters Acquity UPLC-MS/MS Xevo TQD system 
operational with a column manager, an auto sampler, and 
a tunable MS detector was utilized for fingerprinting and 
identification of the active metabolite (antioxidant and 
hypoglycemic) based on their molecular mass as obtained 
from spectral data of infusion B. The infusion was 
chromatographically separated in formerly degassed 
mobile phase comprising of 0.5% formic acid and 
acetonitrile in gradient elution mode. Water’s ACQUITY 
UPLC BEH C18 (2.1 mm × 100 mm × 1.7µm particle size) 
column was used with a flow rate of mobile phase  
0.4 mL/min. The sample and column manager temperature 
was 25 ± 2°C to 35 ± 2°C respectively. Accurately 10 µL 
filtered infusion was injected with the split mode of 5:1 
with the aid of auto injector and the pressure of the system 
was set to 15000 psi. Source temperature of MS detector 
was set to 100°C. The cone and capillary voltage were set 
to 40 V and 3.0kV respectively. At a pressure of  
5.3 × 10−5 Torr, argon was used for collision. The 
instrument's Mass Lynx V 4.1 software was used to 
monitor both the UPLC and the mass detector.  
The separated compounds were identified based on  
their m/z value by data sources including PubChem,  
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Drug Bank, ChemSpider, Mass Bank, and existing 
literature [17]. 

3. Result and Discussion 

M.alba leaves (Zagtul) were collected from Moriculture 
Division Pampore, Jammu & Kashmir in August 2018. 
The plant specimen was authenticated and identified by 
Pawan Saini, Scientist-B, Moriculture Division CSR & TI, 
Pampore, and Jammu & Kashmir. 

3.1. Effect of BT on Phenolic and Flavonoid 
Contents in M. alba Infusions 

This study compared the TPC of different M. alba 
infusions (3-10 minutes) at 98°C and was determined 
using the calibration curve of gallic acid (R2 = 0.996). 
TPC of different infusions significantly depended on BT 
and grew in a linear manner. However presence of TPC 
was highest in infusion B (87.37 ± 1.81 µg GAE/150 mL) 
at BT 10 minutes. Previous literature also reported that  
M. alba leaves are rich in phenolic contents [18]. White 
teas brewed at 98 °C for 7 minutes had highest content of 
phenols and antioxidant capacity with acceptable sensory 
properties as reported by Burillo et al., 2018 [12]. 

Flavonoids' antioxidant activity is mediated by their 
hydroxyl groups, which scavenge free radicals and chelate 
metal ions [19]. TFC in the M. alba infusion was 
determined from the calibration curve of rutin (R2 = 0.992) 
and was highest recorded in infusion A (246.99 ± 3.97 µg 
of RE/150 mL) at BT of 10 minutes. The percentage of 
TPC and TFC of all three infusion at different BT were 
determined and shown in Table 1.  

3.2. Antioxidant Activity of M. alba Infusions 
The antioxidant activity of M. alba infusions was 

determined by two different methods (DPPH and FRAP) 
because both method have different mechanisms of action. 

3.2.1. Effect of BT on DPPH Activity of M. alba 
Infusions 

Free radical scavenging activity of M. alba infusion 
was calculated by DPPH assay. This protocol is 
extensively utilized for assessment of antioxidant 
activities in comparatively lesser time as compared to 
other reported methods. The degree of discoloration 
indicates the scavenging activity of the compound. 
Highest DPPH radical scavenging potential was found in 
infusion B (79.44 ± 1.79 %) at 10 minutes which was 
almost equal at 7 minutes in infusion B (78.07 ± 1.10 %). 
Our result showed better free radical scavenging activity 
than previously reported M. alba infusion [20]. The 
percentage inhibition of the all three infusions at different 
BT were calculated and shown in Table 2. 

3.2.2. Effect of BT on FRAP Activity of M. alba 
Infusions 

The current antioxidant activity of M. alba infusion was 
measured through FRAP assay. This commonly used assay 
uses antioxidants as reluctants in a redox-linked colorimetric 
reaction, wherein ferric ion is reduced to ferrous ion. The 
FRAP value of infusions at different BT was observed to 
vary from 258.21 ± 3.21 to 351.78 ± 1.1 mM Fe /1g/150mL 
infusion with the highest antioxidant potential in infusion 
B, with slightly variation in values at 7 and 10 minutes of 
BT. The FRAP activity was found to be linearly 
proportionate to the free radical scavenging activity of 
DPPH in all infusions except in infusion A (Table 2). 

Table 1. Total phenolic and flavonoid contents of M. alba leaves infusion after different brewing times. 

Activity  
Infusion 

Brewing time (Minutes) 

3 5 7 10 

TPC (µg GAE/150 mL 
infusion) 

A 70.52 ± 2.12 71.92 ± 2.23 74.84 ± 2.24 75.39 ± 2.91 

B 75.22 ± 0.62 78.12 ± 1.21 86.02 ± 2.11 87.37 ± 1.81 

C 58.13 ± 1.71 60.52 ± 2.12 71.54 ± 1.20 73.43 ± 2.10 

TFC (µg Rutin equivalent/150 
mL infusion) 

A 238.30 ± 6.21 240.21 ± 4.12 245.61 ± 5.81 246.99 ± 3.97 

B 174.41 ± 3.14 198.0 ± 3.71 218.25 ± 4.15 220.25 ± 2.73 

C 149.12 ± 2.38 182.22 ± 4.10 218.25 ± 3.99 221.20 ± 4.19 

Table 2. Antioxidant activity of M. alba leaves infusion after different brewing times 

Activity  
Infusion 

Brewing time (Minutes) 

3 5 7 10 

% DPPH (1g/150mLof 
infusion) 

A 67.78 ± 0.92 68.91 ± 1.11 70.77 ± 0.82 71.11 ± 1.02 

B 74.75 ± 1.21ns 75.04 ± 1.42 ns 78.07 ± 1.10* 79.44 ± 1.79* 

C 58.95 ± 1.32* 63.8 ± 1.93 ns 71.15 ± 2.84 ns 73.11 ± 3.27 ns 

FRAP (mM Fe /1g/150mL of 
infusion) 

A 322.51 ± 5.91 328.54 ± 4.12 343.54 ± 4.51 346.56 ± 3.70 

B 258.21 ± 3.21*** 310.88 ± 2.47* 349.58 ± 4.19 ns 351.78 ± 1.1 ns 

C 322.51 ± 3.97 ns 324.61 ± 3.74 ns 331.95 ± 3.22 ns 335.12 ± 2.94 ns 

* The data were indicated as Mean ± SD. Result were analysed by two way ANOVA and level of significant differences among different infusions was 
determined by Bonferroni post-test using Graph Pad Prism ver 5.00 software. Infusion B and C was compared with infusion A.   
A: infusion made from M. alba leaves, B; infusion made from M. alba leaves and green tea 1, C; infusion made from M. alba leaves and green tea 2. 
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Table 3. Effect of brewing time on α-amylase and α-glucosidase inhibition of different M. alba infusion 

Activity  
Infusion 

Brewing time (Minutes) 

3 5 7 10 

α-amylase inhibition (%) 

A 34.41 ± 1.74 35.70 ± 0.99 37.18 ± 1.74 38.03 ± 1.89 

B 41.25 ± 1.42* 43.05 ± 1.26* 44.29 ± 2.09* 45.14 ± 1.92* 

C 30.71 ± 1.08 ns 32.10 ± 1.39 ns 33.42 ± 1.72 ns 34.18 ± 2.05 ns 

α-glucosidase inhibition (%) 

A 48.41 ± 2.22 52.10 ± 0.99 55.00 ± 1.34 56.13 ± 2.29 

B 55.25 ± 3.24 ns 60.25 ± 1.49 ns 70.20 ± 2.09 *** 71.34 ± 2.17 *** 

C 42.71 ± 1.17 ns 46.10 ± 2.39 ns 50.82 ± 1.92 ns 51.28 ± 2.25 ns 

* The data were indicated as Mean ± SD. Result were analysed by two way ANOVA and level of significant differences among different infusions was 
determined by Bonferroni post-test using Graph Pad Prism ver 5.00 software. Infusion B and C was compared with infusion A.   
A: infusion made from M. alba leaves, B; infusion made from M. alba leaves and green tea 1, C; infusion made from M. alba leaves and green tea 2. 

 
3.3. Effect of BT on Hypoglycemic Activity of 

M. alba Infusions 

3.3.1. Effect of BT on α-amylase Activity 
Inhibition of the α-amylase enzyme before the 

absorption in intestine delays the degradation of 
disaccharides and oligosaccharides to monosaccharides. 
This may reduce the absorption of fasting and postprandial 
blood glucose at gut level [21]. The inhibition of  
α-amylase activity is a therapeutic strategy of type 2 
diabetes and its complications, involves decrease in blood 
glucose level [20]. Therefore, α-amylase screening of 
herbal based products has received much attention. The 
inhibition of α-amylase by all three infusions showed no 
major significant difference at different BTs (Table 3). 
However among all three infusions at different BT, the 
infusion B showed maximum percentage of inhibition. 
The infusion B at 10 minutes showed highest percentage 
inhibition that was 45.14 ± 1.92, which was comparable at 
7 minutes of BT (44.29 ± 2.09). 

3.3.2. Effect of BT on α-glucosidase Activity 
This study attempted to examine the effect of BT on 

different infusion of M. alba and it was observed that  
α-glucosidase inhibition of all infusions increased linearly 
with increased BT (Table 3). Increasing in BT increased 
the α-glucosidase inhibition in all three infusions; however 
percentage inhibition at 7 (70.20 ± 2.09) and 10 minutes 
(71.34 ± 2.17) was almost similar. It was clear from 
current investigation that M. alba infusion at BT of 7 and 
10 minutes at 98°C can be consumed as a healthy 
antihyperglycemic functional drink that can probably 
decline the postprandial glucose level by inhibiting the  
α-glucosidase activity. Our findings were comparable with 
the results of Hansawasdi et al., 2006. They reported 
brewing of 1 gram of mulberry leaves in 100 mL of water 
for 3-5 minutes at 98°C will lead to effective inhibitory 
activity against certain enzymes [22]. 

The correlation between BT and the biological activity 
of M. alba infusion revealed that the health-beneficial 
compounds (antioxidant and antihyperglycemic) increased 
with each BT. The phenolics and flavonoids are well-
known phytochemical molecules from plants, having 
antioxidant properties. In this study, the phenolic and 
flavonoid content of all the infusions was estimated  
by Folin-Ciocalteu reagent and aluminum chloride 
colorimetric method respectively, where, rutin and gallic 

acid were used as markers. In one of previously reported 
studies, chlorogenic acid and rutin were main flavonoids 
responsible for antidiabetic activity in experimental rats 
[3].  

In a study, flavonoids astragalin and isoquercitrin were 
shown to inhibit α-glucosidase activity which was 
confirmed by conventional α-glucosidase inhibitory assay 
[23]. The inhibition of α-glucosidase and α-amylase 
enzymes involved in the digestion of carbohydrates can 
dramatically reduce the post-prandial increase of blood 
glucose and therefore, can be an important approach in the 
management of blood glucose level in T2D patients [24]. 

The antidiabetic effects of the infusion B at 7 and 10 
minutes of BT are probably due to their rich contents of 
phenolic and flavonoid as antioxidants and inhibitory 
activity of α- amylase and α-glucosidase enzymes. 
Flavonoids astragalin and isoquercitrin have shown to 
inhibit α- glucosidase activity which was confirmed by 
conventional α-glucosidase inhibitory assay [23].  

Hence from current study it can be concluded that the 
antioxidant effect in infusions was observed due to the 
inhibition of α- amylase and α-glucosidase enzymes. In 
addition to that the established antioxidant effect of 
phenolics and flavonoids of infusions has potential to 
produce direct antioxidant effect on the pancreas that may 
contribute to its antihyperglycemic effect. 

Based on overall in vitro antioxidant and antihyperglycemic 
investigation of M. alba, infusion B at 7 and 10 minutes 
BT was selected as the best infusion amongst all and was 
selected for further analysis. 

3.4. Quantification of Chlorogenic Acid and 
Rutin in Infusion B  

HPTLC is a quick and cost-effective method for 
qualitative and quantitative evaluation of herbal products. 
Because of its simplicity and reliability, the fingerprint 
analysis approach using HPTLC has now become one of 
the effective methods for quality control of herbal drugs. It 
is widely used to identify, authenticate, and separate 
herbal drugs. Two polyphenol standards chlorogenic acid 
and rutin were employed for quantification [25]. Among 
all polyphenols in M. alba chlorogenic acid and rutin are 
the major ones [3]. For quantitative evaluation of these 
two polyphenol, sample applied on TLC plate was 
developed in a twin-trough glass chamber containing ethyl 
acetate: formic acid: acetic acid: water (5:4:3:1, v/v/v/v) 
as a solvent system and scanning was performed at two 
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wavelengths of 254 and 320 nm. The developed method 
for chlorogenic acid (Rf 0.70) and rutin (Rf 0.65) were 
linear in the range of 100-2000 ng with good regression 
coefficient (0.997 for both). The regression equation for 
compounds chlorogenic acid and rutin were obtained 
Y=3.874x+867.6and Y=6.038x+1901, respectively. The 
LODs of the developed method for chlorogenic acid and 
rutin were 01.47 and 00.59 ng/spot, whereas LOQs were 
04.90 and 01.96 ng/spot, respectively. The percentage 
recovery was in the range of 97.78-100.07 for chlorogenic 
acid, whereas 99.67-100.73 for rutin. Chromatogram 
profiles of standard (chlorogenic acid and rutin) and 
infusion B at 7 and 10 minutes BT is mentioned in  
Figure 1. The content of chlorogenic acid in infusion B at 
7 and 10 minutes BT was found 89.93 µg/mL and 
95.0µg/mL, whereas, the content of rutin in infusion B at 
7 and 10 minutes BT was found 5.56 µg/mL and 8.79 
µg/mL respectively. Hence at both BTs chlorogenic acid 
was found dominant than rutin. A comparable study, 

conducted by Cestić et al., 2016 observed that after 10 
minutes of steeping time of black mulberry tea 
chlorogenic acid content was 7226.00 µg/g, which was 
determined by HPLC-MS technique [26]. 

3.5. Detection of Antioxidant and 
Antihyperglycemic Compounds in 
Infusion B by TLC-MS-Bioautography 

TLC-MS-bioautography method was developed  
to evaluate the antioxidant and antihyperglycemic 
compounds of infusion B at 7 and 10 minutes of BT (best 
infusion on the basis of in vitro antioxidant and 
antihyperglycemic activity). Active spots together with 
silica gel were dissolved in UPLC-MS grade methanol and 
centrifuged at 4000 RPM for 10 minutes to free silica gel 
particles. The supernatants were filtered through 0.2 μM PTFE 
membrane filter and analysed by MS for identification of 
active metabolites responsible for concerned activity. 

 
Figure 1. HPTLC chromatogram and plate at 254 and 366 nm (A) Chromatogram of standard chlorogenic acid and rutin (B) chromatogram of infusion 
B at 7 minutes (C) Chromatogram of infusion B at 10 minutes (D1) HPTLC plate viewed at 254 nm (D2) HPTLC plate viewed at 366 nm 
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3.5.1. Detection of Antioxidant Compound in  
Infusion B by TLC-MS-Bioautography  

TLC-MS-bioautography method was developed to 
identify the antioxidant compound of infusion B at 7 and 
10 minutes of BT. The derivatized plate was visualized 
under visible light and the region showing yellowish  
band on purple background indicated the presence  
of antioxidant compound which was further confirmed by 
MS. (Figure 2). Chlorogenic acid was the major 
antioxidant compound identified in infusion B at 7 and 10 
minutes of BTs. Thus, from our study it can be concluded 
that chlorogenic acid is responsible for antioxidant activity 
in M. alba infusion. Current result of the investigation was 
in agreement with the studies of Memon et al. 2010 [27]. 
In this study, chlorogenic acid was present in higher 
quantities than rest of the antioxidants present like gallic 
acid, rutin, caffeic acid etc. Therefore the present study 
revealed that TLC-bioautography-MS guided approach is 

a fast, simple and feasible technique for screening of 
bioactive compounds in herbal plants with high resolution 
and selectivity. 

3.5.2. Detection of α-amylase Inhibitory Compounds in 
Infusion B by TLC-MS-Bioautography 

TLC-MS-bioautography method was developed to 
identify the α-amylase inhibitory compound of infusion B 
at 7 and 10 minute of BT. The derivatized plate was 
observed in visible light and the band showing dark violet 
against dark brown background was considered as  
α-amylase inhibitory compound and is depicted in Figure 
2. Rutin was the α-amylase inhibitory compound in 
infusion B which was confirmed by MS. Present 
investigation can be correlated with the study conducted 
by Hunyadi et al., 2012 [3] where they concluded that 
rutin may be responsible for antidiabetic activity of M. 
alba leave in streptozotocin induced diabetic rats. 

 
Figure 2. TLC-MS-bioautography (A) represents DPPH scavenged TLC bioautogram with their corresponding mass and structure  (B) represents α-
amylase TLC bioautogram with their corresponding mass  and structure  (C) represents α-glucosidase TLC bioautogram with their corresponding mass  
and structure 
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3.5.3. Detection of α-glucosidase Inhibitory 
Compounds in Infusion B by  
TLC-MS-Bioautography 

TLC-MS-bioautography method was developed to 
identify the α-glucosidase inhibitory compound of 
infusion B. The derivatized plate was observed in visible 
light and the band showing white spot on a purple 
background was considered as α-glucosidase inhibitor 
compound and is depicted in Figure 2. DNJ was  
α-glucosidase inhibitor compound in infusion which was 
confirmed by MS. DNJ was previously isolated by many 
studies involving the analytical techniques like HPLC-MS, 
UPLC-MS and NMR however there is no current study 
available on HPTLC separation of DNJ. This compound is 
effective in lowering the level of blood sugar, due its 
dominant glucosidase inhibitory activity [28]. DNJ has 
been clinically approved for the treatment of diabetics and 
has been accepted as a safe antidiabetic agent with no 
harm and is now available in the markets of countries like 
China, Japan and Thailand.  

3.6. Separation and Identification of DNJ  
in Infusion B 

DNJ in infusion B at 7 and 10 minutes of BT was 
separated upon use of several spectral detection methods. 
When DNJ was subjected to LC-MS/MS in MRM mode 
with column ACQUITY UPLC BEH HILIC, a peak of 
DNJ was detected at a suitable retention time (0.88 min) 
in the total ion current-chromatogram with the baseline 
separated from the other peak components. The identity of 
DNJ peak was confirmed by the relative retention time 
with standard DNJ by determining the relative MS. The 
mass spectrum of the peak at RT 0.88 minute showed the 

[M+H]+ ion of DNJ at m/z. 163.98. The representative 
chromatograms of standard and samples and MS/MS of 
the peak at Rt 0.88 minute are depicted in Figure 3.  
The DNJ sample peak areas obtained were confronted 
with a DNJ standard solution containing the exact  
same concentration as the one declared by the M. alba 
infusion. 

3.7. UPLC-MS Profiling of Infusion B 
The mass spectrum of each metabolite separated 

through UPLC-MS were tentatively identified by 
comparing  their m/z values, published literature and 
available database library and Pub Chem. Major abundant 
metabolites of infusion are summarized in Table 4 and 
their mass chromatograms are depicted in Supplementary 
File 2. Most of the metabolites identified here are 
previously reported in M. alba infusion and are mainly 
polyphenolic compounds. Some major and common 
antidiabetic metabolites are fagomine at Rt 0.834, 
involved in carbohydrate digestion and absorption and 
insulin secretion, rutin at Rt 1.362, stimulates the insulin 
secretion from β-cells as well as protects the islets of 
Langerhans against degeneration [29]. Chlorogenic acid at 
Rt 2.82, reduces blood glucose level by directly inhibiting 
G-6-Pase activity [30], quercetin at Rt 5.44, improves 
GLUT4 translocation by AMPK activation [31], 
kaempferol-3-O-glucuronoside at Rt 4.09 improves cAMP 
signaling as well as insulin synthesis and secretion [32]. 
Astragalin at Rt 4.392,  is involved in the restoration of 
pancreatic β-cell and insulin secretion [33]. Morin at Rt 
5.53, reduces blood glucose by inhibiting G-6-Pase 
activity [34], kaempferol at Rt 6.20, promotes glucose 
metabolism in skeletal muscle and inhibits 
gluconeogenesis in the hepatic cells [35]. 

 
Figure 3. Analysis of DNJ by UPLC-MS/MS, (A) Precursor ion scan of standard DNJ, (B) MRM scan of standard DNJ at 100 ng/mL concentrations, 
(C) MRM scan of infusion B at BT 7 minute,  (D) MRM scan of infusion B at BT 10 minute 

 



679 Journal of Food and Nutrition Research  

Table 4. Metabolites of infusion B analysed by UPLC-MS 

S.N. Exact 
mass 

Tentative 
mass Rt Name of the Compound Category Mode Chemical 

formula Mass ID 

1 192.06 191.29 2.83 Quinic acid Carboxylic acid Negative C7H12O6 PR100727 
2 462.363 463.15 4.09 Kaempferol -3-O glucuronoside Flavonoid Negative C21H18O12 PR303193 
3 448.28 447.27 4.392 Astragalin Flavonoid Negative C21H20O11 PR040112 
4 302.04 301.17 5.52 Quercetin Flavonoid Negative C15H1007 PB004083 
5 286.04 285.17 6.20 Kaempferol Flavonoid Negative C15H10O6 NA002629 
6 610.15 610.20 3.91 Rutin Flavonoid Negative C27H30O16 FIO00588 
7 138.03 138.18 5.11 Salicylic acid Phenolic acid Negative C7H6O3 KO001003 
8 264.32 265.01 10.52 Vulgarin Terpenoid Negative C15H20O4 NGA01320 
9 116.01 117.14 9.98 Fumaric acid Carboxylic acid Negative C4H4O4 LU054553 

10 118.02 118.02 0.83 Succinic acid Carboxylic acid Positive C4H6O4 PR101002 
11 194.18 195.20 2.98 Ferulic acid Phenolic acid Positive C10H10O4 PM000409 
12 465.38 465.07 4.07 Delphinidin 3-glucoside Anthocyanin Positive C21H21O12+ PR311137 
13 302.04 303.12 5.53 Morin Flavonoid Positive C15H10O7 BS003338 
14 287.14 287.12 6.21 Cyanidin Anthocyanin Positive C15H11O6+ PR306111 
15 257.07 256.18 2.01 2',6-Dihydroxyflavanone Flavonoid Negative C15H12O4 BML01528 
16 463.97 463.28 4.03 Peonidin-3-O-glucoside Polyphenol Negative C22H23O11+ PR302628 
17 298.08 298.02 11.39 3',4'-Dimethoxy-7-hydroxyflavone Flavonoid Negative C17H14O5 BS003755 
18 163.17 163.129 0.81 1-Deoxynojirimycin Alkaloid Positive C6H13NO4 CID29435 
19 122.12 123.06 1.10 Benzoic acid Carboxylic acid Positive C7H6O2 KO000319 
20 147.17 147.19 3.64 Fagomine Alkaloid Positive C6H13NO3 CID25972 
21 303.04 303.37 5.44 Quercetin Flavonoid Positive C15H10O7 CE000168 
23 353.12 353.02 2.82 Chlorogenic acid Phenolic acid Positive C16H18O9 KO008922 

 
The findings of other studies are comparable with the 

findings of the current analysis. Like compounds 
including DNJ at Rt 0.81and fagomine reported by Asano 
et al., 1999 were detected by LC-MS in positive ESI mode 
[36]. Organic acids like succinic acid, benzoic acid and 
fumaric acids were present in infusion B. These organic 
acids like succinic acid, and fumaric acid were also 
reported by Gecer et al., 2016 as detected by HPLC [37]. 
Flavonoids like rutin and astragalin were identified by 
Kwon et al., 2019 by UPLC-DAD-QTOF/MS [38]. 
Compounds including morin, quercetin, catechol, and 
kaempferol were reported previously by Mena et al., 2016 
in negative mode by UPLC-MS [39]. 

Hence brewing of M. alba at 98°C for 7-10 minutes 
may be a source of some abundant phenolic and flavonoid 
metabolites which are responsible for its antioxidant 
activity and can be possibly utilized as a functional drink 
with therapeutic potential. As a result, the UPLC-MS 
approach appears to be the best method of analysis for low 
and high abundant metabolites with a wide polarity range. 

4. Conclusion 

The current study, attempted to identify and characterize 
antioxidant and antihyperglycemic compounds employing 
novel chromatographic technique TLC-bioautography  
and UPLC-MS in optimized M. alba infusion. Our  
results showed that among all infusions, infusion B  
at 7 and 10 minutes of BT was found to have best 
antioxidant and antihyperglycemic activity in vitro. The 
antihyperglycemic effects of the infusion B at 7 and 10 
minutes of BT are probably due phenolics and flavonoids. 
The presence of antioxidant and antihyperglycemic 
compound was evident through TLC-bioautography. 
Chlorogenic acid, rutin and DNJ which are responsible for 

antioxidant and antihyperglycemic activity were identified 
and separated by novel TLC-bioautography for the  
first time. UPLC-MS analysis revealed that M. alba is a 
source of abundant phenolics and flavonoids. Hence,  
the developed infusion can be called as a functional  
drink with multifunctional properties. Further, in vivo  
and clinical studies needs to be performed for defining  
the mechanism behind the antidiabetic activity of the 
infusion. This will lead to commercialization of developed 
M. alba infusion in countries where its identity  from as a 
commercial product is still lacking. 
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Transition 1: ES+, m/z 163.98->68.73 
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Transition 2: ES+, m/z 163.98->79.28 
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Transition 3: ES+, m/z 163.98->82.20 
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Transition 4: ES+, m/z 163.98->59.87 
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Supplementary File 2 

 
UPLC-MS chromatogram of M. alba infusion (A1) 7 min in Positive Mode, (A2) 7 min in Negative Mode, (B1) 10 min in Positive Mode, (B2)10 min 
in Negative Mode 
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