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a b s t r a c t

Mulberry (Morus alba L.) leaves are widely used as herbal tea to prevent heat stroke. Po-

tential chemical markers of the antioxidant properties and its correlation with harvesting

times and leaf location were explored in this study. A 2,2-diphenyl-1-picrylhydrazyl (DPPH)

radical-scavenging assay guided isolation of mulberry leaves extract provided five phenolic

compounds: 5-O-caffeoylquinic acid (1), 4-O-caffeoylquinic acid (2), gastrodin (3), iso-

quercetin (4) and rutin (5). The 50% radical-scavenging concentrations (SC50) of these

compounds were 32.76 ± 0.27, 11.41 ± 0.48, 404.30 ± 4.92, 10.63 ± 0.96, and 10.57 ± 0.61 mg/

mL, respectively. Chromatographic fingerprinting allowed content analysis of 1e5 in

samples over a 12-month period. Compounds 1e5 were abundance in apical leaves (0

e10 cm) in January and February at temperatures < 20 �C. Contents of 2 and 5 were highest

in these months and were strongly correlated to the antioxidant property. Therefore, we

suggested that the mulberry leaves harvested during January and February have high yield

of 4-O-caffeoylquinic acid and this compound can be used as antioxidative marker in

mulberry leaves.

Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Mulberry (Morus alba L.) is globally cultivated due to its eco-

nomic importance as a food for silkworms (Bombyx mori L.)

which dates 5000 years ago [1]. Besides of its agronomic value,

leaves of mulberry are traditionally used in Asia and Europe

either as food in the form of beverage or as decoction remedy

for sore throat [2,3]. Several healthbenefits canbederivedusing

leaves of M. alba. Previous studies reported the following

biological activities; anti-oxidant, antibacterial, antiviral,
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anticancer, antifatigue, hypolipidemic, hepatoprotective, neu-

roprotective, inhibitors of a-glucosidase, tyrosinase, hyper-

tension, and arteriosclerosis [4e6]. Phytochemicals inmulberry

leaves such as phenolic acids, flavonol glycosides, chalcones,

alkaloids, g-aminobutyric acid, iminosugars, prenylated stil-

benes, derivatives of aryl benzofuran and coumarins were

responsible for the observed bioactivities [4e6]. The anti-

oxidative property of M. alba was due to its ability to prevent

lipid peroxidation and adipocytokine dysregulation [7]. Poly-

phenolic acids and glucosides were characterized from its

leaves using HPLC-IT-TOF-MS techniques [8]. Furthermore,

variation in flavonol glycosides was observed in different cul-

tivars of mulberry in Japan [9], as much as significant variation

in antioxidant potential were determined from three Morus

species in Pakistan [10].

The surmounting evidence of the ameliorative properties

against oxidative stress of the components of mulberry fruits

and leaves when consumed as food, leads to increased

attention of its application for the treatment of hyperglycemia

[11]. Meanwhile as a medicinal material in China, the leaves

were collected pass the winter frost [12]. This brings attention

on the possible effects of environmental conditions on the

content of bioactive substances in mulberry leaves. For an

example, increased in applied nitrogen has an inverse effect

on the chlorogenic acid but a positive significant effect on 1-

deoxynojirimycin content [4]. Growing demand for this raw

material as functional food sources due to its high antioxidant

capacity would require mulberry farmers to address the good

agricultural and collection practice (GACP) requirements to

assure quality and effectiveness of harvested products. The

aim of the present work was to identify potential chemical

markers for the antioxidant properties of M. alba leaves using

a bioassay guided isolation scheme. This study also deter-

mined the best harvest time and leaf location which provide

most of these bioactive polyphenols. This method shall help

ensure the quality of the material source. To the best of our

knowledge, this is the first study conducted to monitor con-

tent changes of the antioxidant components in M. alba leaves

for a period of 1 full year.

2. Materials and methods

2.1. Chemicals and reagents

2,2-Diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu phenol

reagent, trifluoroacetic acid (TFA), sulfuric acid, sodium car-

bonate, vanillin, gallic acid, L-ascorbic acid, (þ)-catechin,

deuteriumoxide (D2O), and deuteratedmethanol (CD3OD)were

purchased from SigmaeAldrich (St. Louis, MO, USA). The Pur-

ospher STAR RP-18e column (4.0 mm i.d. � 250 mm, 5 mm) was

purchased from Merck (Darmstadt, Germany). Methanol and

acetonitrile were LiChrosolv and were purchased from Merck.

Diaion HP-20 gel (Mitsubishi Chemical Industry, Tokyo, Japan),

Sephadex LH-20 gel (GE Healthcare Biosciences, Uppsala,

Sweden), LiChroprep RP-18 gel (40e63 mm,Merck), MCI CHP20P

gel (Supelco, Bellefonte, PA, USA) and an Oasis HLB cartridge

(12 mL, 500 mg, Waters, Milford, MA, USA) were used for the

purification and isolation processes. Polyvinylidene difluoride

(PVDF) 0.45-mm 13 mm syringe filters was purchased from IT'S
Science Corporation (Taipei, Taiwan).

2.2. Plant materials

Commercial dry leaves ofM. alba L. (locally known as Sang Ye)

were purchased from a local traditional Chinese medicine

(TCM) store in Taipei, Taiwan. Leaves were pulverized using

an electric grinder. Fresh leaves ofM. albawere collected from

the mulberry tree at the botanical garden (N 25�01030.340, E
121�33036.287) located in the university campus of Taipei

Medical University, from July 2014 to June 2015 (Fig. S1). This

tree has amain tree trunk circumference of 57 cm and a crown

height of about 450 cm. Leaves were collected from a branch

located about 350 cm from the ground. During the 12-month

sampling period, changes of the climatic factors over Taipei,

Taiwan such as temperature (�C), the amount of precipitation

(mm), and sunshine duration (h) were recorded using the

Central Weather Bureau's online database [13], Figs. S2eS4.

Leaveswere classified according to their relative position from

the top of a branch. Apical leaves were collected from 0 to

10 cm, followed bymiddle leaves from 10 to 30 cm and bottom

leaves from�30 cm. These were rinsed with reversed osmosis

(R.O.) purifiedwater and air dried at room temperature for 5e7

days while avoiding direct sunlight exposure. Only air-dried

leaves with <15% moisture (AND MX-50, Tokyo, Japan) were

pulverized using an electric grinder and kept in vacuum

sealed containers avoiding direct sunlight until used for

analysis. A voucher specimen was deposited in the School of

Pharmacy, College of Pharmacy, Taipei Medical University

(Taipei, Taiwan).

Furthermore, another batch of fresh leaves of M. alba L.

were collected from Yangmingshan National Park (N

25�09034.230, E 121�32046.392), a mountainous region at the

northern part of Taiwan about 14.95 km away from Taipei on

March 2017 (Fig. S5). This tree has a trunk circumference of

58.5 cm and a crown height of 500 cm. Leaves were collected

from a branch about 350 cm from the ground. Two groups of

leaves were classified as young (budding, translucent light

green leaflets) and old (mature, opaque dark green to yellow

leaves).

2.3. Extraction and bioassay-guided isolation

Commercial leaf powder (600 g) of M. alba was refluxed three

times with 6 L of water-methanol (1:1, v/v) at 65 �C for 2 h.

After filtration and concentration, the aqueous solution was

lyophilized to obtain the 50% methanolic extract (147.03 g).

The crude extract was re-suspended in 500 mL deionized

water and partitioned with 500 mL n-hexane six times to

provide an aqueous layer (112.00 g) and an organic layer

(35.03 g). Following a DPPH radical scavenging activity-guided

isolation, as described in the succeeding sections, the more

bioactive aqueous layer (100 g) was chromatographed over a

Diaion HP-20 (9.5 cm i.d. � 45 cm) column chromatography

(CC), and eluted step-wise with deionized water, followed by

methanol/water (2:8, 4:6, 6:4, v/v) and acetone. Resulting

fractionswere designated as DW (81.38 g), D20M (4.83 g), D40M

(3.82 g), D60M (4.84 g), and DA (3.64 g). The most bioactive
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Diaion fraction D20M (4.00 g) was re-chromatographed on a

Sephadex LH-20 (1.5 cm i.d. � 35.5 cm) CC and successively

eluted with deionizedwater, methanol/water (4:6, 6:4, 7:3, v/v)

and MeOH. The eluates were respectively assigned as IAeIE.

Fractions IAeIC provided compounds 1e3. Briefly, fraction IB

(0.245 g) was re-chromatographed with methanol/water

(1.7:8.3, v/v) through a reversed-phase LiChroprep RP-18

(1.0 cm i.d. � 40.0 cm) CC and provided fraction IIB

(0.1091 g). This was then passed through an MCI CHP20P gel

(1.0 cm i.d. � 20 cm) CC using deionized water as an eluent to

provide compound 1 (40.4mg). Fraction IC (1.083 g) was loaded

onto a LiChroprep RP-18 (1.0 cm i.d. � 40.0 cm) CC and eluted

with deionized water to afford compound 2 (144.8 mg). Frac-

tion IA (0.791 g) was passed through a LiChroprep RP-18

(1.0 cm i.d. � 40.0 cm) CC with deionized water to provide

fraction IIA (89.9 mg). This was loaded onto an MCI CHP-20P

gel (1.0 cm i.d. � 20 cm) CC and run with deionized water to

afford fraction IIIA (44.1 mg). This was further purified using a

solid-phase extraction Oasis HLB cartridge (1.5 cm

i.d. � 1.0 cm) with deionized water as an eluent to afford

compound 3 (4.7 mg). The other bioactive fraction D60M

(4.84 g) was re-chromatographed on a Sephadex LH-20 (1.5 cm

i.d. � 35.5 cm) CC, with successive elution with deionized

water, methanol/water (0.5:9.5, 1.0:9.0, v/v) and then 10% in-

crements of aqueous methanol until 100% MeOH was eluted

out. Resulting fractions were designated IF1e12. The 10%

aqueous methanol fraction (IF3) provided compound 4

(56.8 mg). The 5% aqueous methanol eluent provided fraction

IF2 (293.6 mg) and was further purified and loaded onto a

Sephadex LH-20 (1.0 cm i.d. � 37.5 cm) column. This was

eluted with methanol/water (3.0:7.0, v/v) and provided com-

pound 5 (71.3mg). Structures of isolated compounds 1e5were

identified by nuclear magnetic resonance (1H NMR, 13C NMR,

and 2D NMR) spectroscopic analyses (Bruker Avance DRX

500 MHz, Bruker Corp., Billerica, Massachusetts, USA), and

their molecular weights were confirmed by a mass spectro-

metric analysis (API 2000TM System, AB SCIEX, Framingham,

MA, USA) on the negative ESI mode. A summary of the isola-

tion scheme is shown in Fig. 1.

2.4. Determination of condensed tannins content

Condensed tannins content was determined using a vanillin

assay [14,15] with modifications. Briefly, vanillin (0.1 g) was

dissolved in 10mL of 80%H2SO4 inmethanol. Onemilligramof

each Diaion fractions was dissolved accordingly in 1 mL

alcohol. An aliquot of 300 mL of each sample was mixed with

600 mL of the vanillin reagent and incubated for 15min at 20 �C,
after which the absorbance was measured at 530 nm in an

MRX microplate reader (Dynex Technologies). Condensed

tannins content was determined through a calibration curve,

y ¼ 10.28x þ 0.036 of (þ)-catechin in methanol at a range of

0.977e250 mg/mL (R2 ¼ 0.999). Results are expressed as cate-

chin equivalents (CE, mg catechin/mg sample).

2.5. Total phenolic content determination

The total phenolic content was determined following the

Folin-Ciocalteumethod [16,17] withmodifications. The Diaion

fractions DW, D20M, D40M, and D60M were dissolved in

deionized water, while DA was dissolved in ethanol. Each test

solutions were 1 mg/mL concentration. Then, 100 mL of each

test fraction was incubated in the dark with 500 mL of Folin-

Ciocalteu reagent and 400 mL of 7.5% aqueous Na2CO3 solu-

tion at 50 �C for 5 min. The absorbance at 600 nm was

measured using an MRX microplate reader (Dynex Technolo-

gies). The total phenolic content was expressed as gallic acid

equivalents (GAE, mg gallic acid/mg sample) using a calibration

curve of y ¼ 5.601x þ 0.109 at a range of 15.63e500 mg/mL

(R2 ¼ 0.995) of standard gallic acid in ethanol.

2.6. DPPH radical scavenging assay

The antioxidant properties of the Diaion fractions and isolates

were determined by evaluating their individual ability to

scavenge DPPH free radical following previous methods

[18,19] with modifications. The Diaion fractions DW, D20M,

and DA were dissolved in ethanol, while the D40M and D60M

fractions were dissolved in methanol. The Diaion fractions

were treated similarly to the steps provided for the isolated

compounds. A 100-mL aliquot of each stepwise diluted meth-

anolic solution of each isolates was loaded, in triplicate, into a

96-well microtiter plate. This was performed over a

DiaionHP20
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Fig. 1 e Schematic diagram on the isolation of 1e5 from M.

alba leaves.
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concentration range of 3.91e62.50 mg/mL for compound 1;

1.95e15.63 mg/mL for compounds 2 and 4; 15.63e500 mg/mL for

compound 3; and 3.91e15.63 mg/mL for compound 5. Mean-

while, ascorbic acid was used as a control at a concentration

range of 8.87 mM to 0.567 mM. Moreover, 100 mL of a 200-mM

ethanolic DPPH solution was added to each sample and

incubated for 30 min at room temperature in the absence of

light. The optical densities of the individual wells were

recorded at 530 nm with an MRX microplate reader (Dynex

Technologies, Guernsey, Channel Islands, UK). To evaluate,

the DPPH radical-scavenging rate (%) ¼ [1 � (ST/C)] � 100 was

used, where ST and C are the values of the optical densities of

the test sample and control, respectively.

Apical leaves were evaluated for its antioxidative property

following the above method by dissolving the plant powders

in methanol at a concentration range of 4.88e1.00 � 104 mg/

mL. Plant powders were from the crude methanolic extract

prepared following the extraction procedure for determining

content variation of chemical markers in M. alba leaves.

2.7. Chromatographic fingerprints

The high-performance liquid chromatography (HPLC) appa-

ratus used was LC-2010CHT (Shimadzu Scientific In-

struments, Kyoto, Japan), with a serial dual plunger micro-

volume pump and an auto-injector. The UV detector used a

deuterium lamp source with a two-wavelength monitoring

system at 190e370 nm or 371e600 nm. The stationary phase

was a Purosphere STAR RP-18e reversed-phase column

(Merck). Themobile phase was 0.05% TFA in watereCH3CN (v/

v) with a gradient elution program (0e10 min, 99:1 to 92:8;

10e20 min, 92:8; 20e25 min, 92:8 to 88:12; 25e35 min, 88:12;

35e40 min, 88:12 to 84:16; 40e50 min, 84:16; 50e55 min, 84:16

to 80:20; and 55e65 min, 80:20). The flow rate was maintained

at 1.0 mL/min, and the column temperature was maintained

at 40 �C. The ultraviolet detector was set at 280 nm, to record

the absorbance of the chemical markers, and generated

fingerprint chromatograms.

Individual calibration curves of each chemical marker were

constructed from the plot of the peak area against the con-

centration. Briefly, the isolated markers (1e5) were dissolved

and serially diluted with methanol to provide a range of stan-

dard solutions as follows: 1, 0.24e500 mg/mL; 2, 3.91e2000 mg/

mL; 3, 1.95e2000 mg/mL; and 4 and 5, 1.95e1000 mg/mL. The

sample solutions were analyzed using the same HPLC condi-

tions to generate the chromatographic fingerprint.

2.8. Intraday and interday variability and recovery

The precision and accuracy of the analytical method were

evaluated by performing intraday and interday variability and

recovery experiments using a commercially available sample.

A spiked sample was prepared by adding a known concen-

tration of each marker to the sample matrix solution. Mean-

while, a sample matrix was prepared and analyzed in

accordance with the same added quantity as in the spiked

sample. The extracted samples were then analyzed using the

same HPLC conditions as described in the chromatographic

fingerprinting, and the recovery rate (%) was calculated as

follows:

recovery ð%Þ ¼ C�A
B

� 100

where A is the concentration of the chemical markers in the

un-spiked sample matrix, B is the concentration of the

markers added in the standard diluent sample, and C is the

concentration of the markers in the spiked sample. All ana-

lyses were in triplicate.

2.9. HPLC quantitation of chemical markers in mulberry
leaves

Two grams of leaf powderwas dissolved in 5.0mL ofmethanol

and subjected to ultrasonic-assisted extraction (Delta Ultra-

sonic Cleaner DC200H, New Taipei City, Taiwan) set to 25 �C.
The extraction was completed in a period of 1 h. The sample

solutions were then centrifuged at 10,000 rpm, and the ex-

tracts were passed through a 0.45-mm PVDF 13 mm diameter

filter. The chemical marker contents of the filtrates

were quantified using the established reversed-phase HPLC

analytical method.

2.10. Data analysis

All experiments performed and data collected were at least

triplicate. These were analyzed using IBM SPSS V22.0 (IBM

Corporation, New York, USA). Results are reported as

mean ± standard deviation. Means were compared using

ANOVA and followed by a Tukey posthoc test. Significance in

difference was decided when p value < 0.05. Correlations be-

tween variables were analyzed using Pearson's correlation

coefficient. Multiple linear regression analysis with stepwise

elimination method was used to establish the best regression

model that predicted the antioxidant activity. The ratio be-

tween the variability explained by the regressionmodel to the

unexplained variability was computed with F-statistics.

3. Results and discussion

3.1. Isolated phenolic compounds as antioxidant
chemical markers from M. alba leaves

Using a bioassay guided isolation scheme two phenolic acids,

one phenolic-glycoside and two flavonol-glycosides were

isolated from the 50% methanolic extract of M. alba leaves.

The presence of these compounds in the respective fractions

was supported by the phytochemical assay results, Table 1.

The occurrence of flavonoids was identified at the higher

methanolic fractions by determining their condensed tannin

content. The 6e7-fold difference in the flavonoid content of

the higher methanolic fractions compared with D20M sug-

gested that the 20% methanolic fraction mostly contained

phenolic acids and their derivatives. Total phenolic content in

D20M was the highest followed by D60M, D40M, while no

significance in the difference, p ¼ 0.097, on the phenolic con-

tent of DW and DA. DPPH free radical scavenging assay

showed that among the Diaion HP-20 column chromatog-

raphy fractions, D20M (62.82%) was the most bioactive
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compared to D40M (37.18%) and D60M (35.04%), which the

latter two do not differ significantly, p¼ 0.338. Followed by DW

(16.00%) and DA (6.71%) being the least active. The potency of

the partial fractions to scavenge 50% of the DPPH radicals

(SC50) indicated that the D20M fraction was twice more

effective compared to the D60M fraction, evaluated at a con-

centration of 39.06 mg/mL. These results were supported by a

strong positive Pearson's correlation, r ¼ 0.924 (p < 0.001), be-

tween total phenolic content and their radical scavenging

activity.

Structures of the isolated phenolic compounds are shown

in Fig. 2. The isolated compounds were identified as 5-O-caf-

feoylquinic acid, 5CQA (1); 4-O-caffeoylquinic acid, 4CQA (2);

gastrodin (3), isoquercetin (4) and rutin (5). All spectral data

were provided in the supporting information. All assigned

structure for the isolated compounds using 1D and 2D NMR

spectrometric analyses were in good comparison with previ-

ous studies [20e24].

Results of the antioxidant assay of the isolated chemical

markers evaluated at a concentration 15.63 mg/mL, Table 1,

Table 1 e Phytochemical contents and DPPH radical scavenging activities of partial fractions of the 50%methanolic extract
and chemical markers from M. alba leaves.

Fractions/markers Phytochemical assay Antioxidant assay

Total phenolic contenta

(mg/mg)
Condensed tanninsb

(mg/mg)
Radical scavengingc

(%)
SC50

d

(mg/mL)

DW 23.04 ± 0.29 13.33 ± 0.52 16.35 ± 0.61 237.43 ± 7.73

D20M 316.91 ± 8.22 17.54 ± 0.42 62.82 ± 0.74 29.30 ± 0.22

D40M 239.60 ± 2.67 99.32 ± 3.41 37.18 ± 1.37 59.30 ± 0.96

D60M 259.00 ± 3.20 114.49 ± 1.43 35.04 ± 1.93 64.76 ± 2.08

DA 32.79 ± 1.45 297.56 ± 1.65 6.71 ± 1.47 287.96 ± 9.72

5CQA (1) e e 23.47 ± 1.46 32.76 ± 0.27

4CQA(2) e e 69.35 ± 3.44 11.41 ± 0.48

Gastrodin (3) e e 1.08 ± 0.74 404.30 ± 4.92

Isoquercetin(4) e e 73.49 ± 5.10 10.63 ± 0.96

Rutin (5) e e 62.88 ± 1.85 10.57 ± 0.61

Ascorbic acide e e e 8.13 ± 0.05

a Values in gallic acid mg/mg sample.
b Values in catechin mg/mg sample.
c Values in percentage, %.
d Values in mg/mL sample.
e As positive control.
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Fig. 2 e Structure of phenolic compounds isolated fromM. alba leaves. 5-O-caffeoylquinic acid (1), 4-O-caffeoylquinic acid (2),

gastrodin (3), isoquercetin (4) and rutin (5).
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showed that the highest DPPH radical-scavenging activities

(%) were for isoquercetin, 4CQA and rutin. However, no sig-

nificance in difference of activity between 4CQA with rutin

(p ¼ 0.128) and 4CQA with isoquercetin (p ¼ 0.471). Further-

more, SC50 of 4CQA do not significantly differ from rutin

(p ¼ 0.990) and isoquercetin (p ¼ 0.992). Results suggested that

the effectiveness of the three compounds was comparable

with each other. Our experimental results showed a 3-fold

significantly larger difference in the percent radical-

scavenging activity between 4CQA and 5CQA, p < 0.001. The

high antioxidant activity of 4CQA is attributed to the higher

possibility of forming hydrogen bonds by the equatorial hy-

droxyl groups with the carbonyl oxygen of the equatorially

situated caffeoyl group [25,26]. The loss of antioxidant

ability over DPPH radicals of gastrodin was attributed to the

absence of a catechol moiety. This result is supported by

previously published structural relationships of antioxidant

properties of the catechol moiety using density functional

theory [27,28].

3.2. Chromatographic fingerprint, precision and
accuracy of analytical method

The HPLC fingerprint identified occurrence of 5CQA, 4CQA,

gastrodin, isoquercetin, and rutin, at their respective reten-

tion times of 15.0, 23.3, 9.0, 49.6 and 47.9 min, Table 2. A good

linear regression was shown for the calibration curves used

over the concentration ranges of 1.95e2000 mg/mL and

0.24e500 mg/mL, and R2 ranged 0.992e0.999. Intraday and

interday variability for the analysis of all chemical markers

exhibited relative standard deviations (RSDs) of <4.23% and

<3.38% respectively, Table 3. These results indicated good

repeatability of the analytical method employed. Results of

the recovery experiments showed 92.27e115.22% recovery

and all RSDs were <9.67%, which indicated good accuracy of

the analytical method.

3.3. Content variation of chemical markers in M. alba
leaves

The chromatographic fingerprint allowed monitoring of vari-

ation in content of chemical markers for the 12 months

duration of this study, Fig. 3. Mean contents of eachmarker in

mg/g dry mass (DM) from leaves sampled at different location

of a branch (apical, middle, and bottom) for 12-months are

shown in Table S1. The mean contents for each location-

sampled leaves were compared and showed that marker

contents in apical leaves were significantly (p < 0.005) higher

as compared to both lower located leaves, Table 4. Moreover,

the mean marker contents of middle leaves were not

significantly different (p ¼ 0.904) from bottom leaves. Means

for each marker in apical leaves showed highest content for

gastrodin and 4CQA, followed by isoquercetin, 5CQA and

rutin. Rutin was found to be least in content at all locations.

However, decrease in content of markers was observed and

tend to bemore homogenous as leaves location shifts towards

the bottom. Significance in the difference of the means is

summarized in Table 4.

It was also observed that the leaves entered dormancy

from November 2014 to March 2015. By this period the iso-

quercetin was highest in December (apical leaves) and

November (middle and bottom leaves), but its content began

to drop in all parts as the temperature fell below 20 �C with

less sunshine exposure at 60.5 h but a higher rain volume of

86.8 mm. Bottom leaves were abscissed in December while

middle leaves in January to March, which explains why there

were no samples collected for these parts on those months,

Table S1. Antioxidative markers 4CQA (6.72 mg/g DM) and

rutin (1.40 mg/g DM), and the least active gastrodin (5.97 mg/g

DM), were highest in content on January 2015. It was observed

that January 2015 was the driest month over Taipei City with

precipitation of only 20 mm, and sunshine exposure of 95.7 h

but with the coldest temperature of 16 �C for the entire period

of study. These conditions might be favorable for energy

conservation and concentrating 4CQA in leaves during the

dormancy period [29,30]. Furthermore, the content of 4CQA in

apical leaves decreased from January by 3.0- and 7.7-fold in

February and March where increasing amount of rainfall was

observed but with temperatures still remained below 20 �C.
Increased in rainfall relieves drought stress responsible for

the increased phenolic acid content in plants [30]. Rutin

decreased in content by 1.4- and 1.6-fold for the same

months. Isoquercetin content was also decreased by 1.2- and

1.1-fold while gastrodin by 3.7- and 12.7-fold. Reduced in

precipitation volume in April with almost the same amount

as in February increased the content of 4CQA to 1.28 mg/g

DM, however the content was still significantly lower

(p < 0.001) than February. This discrepancy might have been

due to an observed increase in temperature to >20 �C in April

[31]. A further increase in precipitation in May was accom-

panied by an increase in temperature to 25 �C until it pla-

teaued at 30 �C as the season approached summer, and 4CQA

exhibited a decreased in concentration until around 0.55 mg/

g DM. However, gastrodin was generally highest in content

among all markers during the hot months of April to

September. Even though this was the least active against

DPPH radical scavenging, however previous research showed

neuroprotective and anti-Alzheimer's properties of gastrodin

[32]. Furthermore, the contents of 4CQA, gastrodin, and rutin

were >1.000 mg/g DM in the months of January and February

Table 2 e Calibration curves for each chemical markers using HPLC analytical method.

Markers Linear regression Concentration range (mg/mL) R2 Retention time (min)

5CQA (1) y ¼ 3,582,159.99x � 4931.95 0.24e500 0.999 15.0

4CQA (2) y ¼ 12,513,294.19x � 404,619.22 3.91e2000 0.996 23.3

Gastrodin (3) y ¼ 340,963.23x þ 296.19 1.95e2000 0.999 9.0

Isoquercetin (4) y ¼ 6,893,310.84x � 95,753.27 1.95e1000 0.992 49.6

Rutin (5) y ¼ 3,483,559.92x � 21,240.95 1.95e1000 0.993 47.9
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2015, Table S1. Results for these months corresponded to a

reference [33] quality level of rutin in mulberry leaves as

herbal materials.

Apical leaves were a major contributor to the overall

chemical marker content for all leaves at varying location.

Furthermore, 12-month apical leaves sampleswere evaluated

for their antioxidative property against DPPH radicals and the

results are shown in Fig. 4. It can be seen that January

exhibited the highest radical scavenging activity (%) followed

by February and March. Regression analysis identified strong

positive Pearson's correlation between the % radical scav-

enging activity and the content distribution of antioxidative

markers rutin, r ¼ 0.949 (p < 0.001), 4CQA, r ¼ 0.908 (p < 0.001)

and also gastrodin, r¼ 0.769 (p < 0.001). While the antioxidant

isoquercetin, r ¼ 0.091 (p > 0.05) had a very weak Pearson's

correlation and the lesser active 5CQA, r ¼ �0.542 (p < 0.05)

was negatively correlated. Amultiple linear regressionmodel

containing all markers showed strong positively correlated

(r ¼ 0.980) with an R2 ¼ 0.961, F(5,30) ¼ 148.57, p < 0.001. A

backward elimination of predictors was performed to opti-

mize the model. The first marker excluded was 5CQA, pro-

vided F(4, 31) ¼ 191.48, p < 0.001. Gastrodin was the second

marker removed, F(3, 32) ¼ 258.74, p < 0.001. The third

marker excludedwas isoquercetin, providing the finalmodel,

y ¼ 5.661 þ 4.525X1 þ 29.380X2, with only 4CQA(X1) and

rutin(X2) as significant predictors (r ¼ 0.980), R2 ¼ 0.960,

F(2, 33) ¼ 392.35, p < 0.001. All R2-change were less than 0.1%,

showing that all excluded markers have no significant

contribution to the predictability on bioactivity of the model.

A scatter plot of this correlation is shown in Fig. 5.

Table 3 e Precision and accuracy of the HPLC analytical method.

Markers Intraday Interday Recovery

Mean ± SD (mg/g) RSD (%) Mean ± SD (mg/g) RSD (%) Qty. added (mg/mL) Mean ± SD (%) RSD (%)

5CQA (1) 408.25 ± 7.03 1.72 412.71 ± 13.97 3.38 3.1 92.27 ± 6.14 6.66

4CQA (2) 512.17 ± 7.89 1.54 516.65 ± 14.20 2.74 41.8 115.22 ± 9.89 8.59

Gastrodin (3) 558.48 ± 23.66 4.23 570.08 ± 10.13 1.77 5.4 108.57 ± 5.51 5.07

Isoquercetin (4) 369.38 ± 5.11 1.38 371.71 ± 9.87 2.65 14.7 102.24 ± 5.47 5.35

Rutin (5) 579.44 ± 8.78 1.51 585.46 ± 17.59 3.00 16.5 110.60 ± 10.70 9.67
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Fig. 3 e Chromatographic profile of 1e5 of M. alba apical leaves collected from the mulberry tree in the botanical garden of

Taipei Medical University andmonitored from July 2014 to June 2015, indicated as M1eM12 respectively. The UV absorption

detector was set at 280 nm.

Table 4 eMean content of chemical markers of leaves collected from different locations on a tree branch of a mulberry tree
in the botanical garden of Taipei Medical University.

Markers Location Mean (each marker)

Apical Middle Bottom

5CQA (1) 0.50 ± 0.24A 0.33 ± 0.12Aa 0.31 ± 0.12ABa 0.40 ± 0.20A

4CQA (2) 1.55 ± 1.64B 0.51 ± 0.16BCa 0.38 ± 0.13Ba 0.91 ± 1.18B

Gastrodin (3) 1.67 ± 1.44B 0.56 ± 0.20Ca 0.47 ± 0.28Ba 0.99 ± 1.09B

Isoquercetin (4) 0.59 ± 0.37Aa 0.39 ± 0.27ABb 0.42 ± 0.30Bab 0.48 ± 0.33A

Rutin (5) 0.47 ± 0.38A 0.16 ± 0.09a 0.15 ± 0.07Aa 0.29 ± 0.29A

Content of all markers 0.96 ± 1.13 0.39 ± 0.22a 0.35 ± 0.23a

Contents are expressed as mg/g DW. Similar uppercase letters for each marker in a column and similar lowercase letters in a row show no

significance in the difference between determinations using Tukey test at 5% probability.
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Content analysis of the young leaflets collected from

Yangmingshan National Park showed increased 4CQA

(22.97 ± 0.02 mg/g DM) and rutin (0.68 ± 0.00 mg/g DM) levels

compared to older leaves, for the same markers at

1.48± 0.00mg/g DMand 0.04± 0.00mg/g DM, respectively. The

data supported the 4CQA and rutin were rich in apical leaves.

However, isoquercetin content was identified higher in older

leaves (2.33 ± 0.00 mg/g DM) than in younger leaves

(0.82 ± 0.29 mg/g DM). Furthermore, 4CQA, and rutin can be

used as a chemical marker to identify relative tender leaves of

mulberry.

4. Conclusion

In conclusion, 4CQA and isoquercetin exhibited the strongest

antioxidant activities, and were comparable to rutin, when

evaluated at their isolated forms. However, only 4CQA and

rutin contributed significantly to the predictability of the

antioxidant property in the 12-month crude extracts using

DPPH free radical-scavenging assay. Furthermore, the

significantly higher content of 4CQA among the isolated

active compounds qualifies it as a good antioxidant chemical

marker. It is evident that the relative location on the tree

branch and age of leaves affect the contents of their bioactive

compounds. Apical leaves were proven to contain the

greatest amounts of these antioxidant compounds. January

and February were the best months to harvest mulberry

leaves, since they contained the highest concentrations of

4CQA, gastrodin, and rutin while exhibited the highest

radical scavenging activity for the duration of this study.

Moreover, the isoquercetin content was highest in December

when the temperature had just begun to drop below 20 �C.
Thus, the suggested climatic conditions for harvesting mul-

berry leaves with high contents of antioxidant compounds

were identified as a critical temperature of <20 �C, a long

sunshine exposure of 80e100 h, and dry weather, with pre-

cipitation of 50 mm. Furthermore, using the chromato-

graphic fingerprint, the above isolated compounds are good

candidates as chemical markers for quality control moni-

toring of antioxidant compounds in mulberry leaves.

The results of this study provide evidence-based guidelines

for mulberry producers when harvesting leaves with high

polyphenol contents which can be developed as functional

foods.

Conflicts of interest

The authors declare no conflicts of interest.

Appendix A. Supplementary data

Supplementary data related to this article can be found at

https://doi.org/10.1016/j.jfda.2017.11.011.

0

10

20

30

40

50

60

70

80

90

100

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12

D
PPH

 radical scavenging (%
) 

co
nt

en
t (

m
g/

g,
 D

W
)

collection months

5CQA 4CQA gastrodin isoquercetin rutin mean % radical scavenging (156.25 µg/mL)

Fig. 4 e Content of 1e5 of apical leaves corresponding DPPH radical scavenging activity (%) at their respective month. The

antioxidant activity was evaluated at 156.25 mg/mL. Leaves samples were collected in the botanical garden of Taipei Medical

University from July 2014 to June 2015, described as M1eM12 respectively and content are mean ± SD (mg/g DW) of triplicate

determinations.

Fig. 5 e Scatter plot showing correlation between the

content of chemical markers (mg/g, DW) and DPPH radical

scavenging activity (%), with 4CQA and rutin as predictors.
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