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Summary

Introduction: Powder extracts from white mulberry leaves (Morus alba L.) are desirable due to their simplicity
of use. Powders intended for use in food and dietary supplements can be obtained by various methods, includ-
ing water extraction and spray drying.

Objective: The aim of the work was to optimize the aqueous process of extraction of white mulberry leaves
and characterization of bioactive properties of the obtained extract powder.

Methods: The DNJ and flavonoids (quercetin, kaempferol) contents and were analysed by high perform-
ance liquid chromatography (HPLC). Total phenolic contents were determined using the Folin-Ciocalteu
phenol reagent and antioxidant activity by ABTSand DPPH assays.

Results: The mulberry leaf extraction process has been optimized. The obtained powdered mulberry leaf
extract proved to be a good source of bioactive compounds. Characteristic phenolic compounds detected in
mulberry leaves and their powder extract were quercetin and kaempferol. The sum of polyphenols was 10.9
mg GAE/g dry matter in the raw material, whereas in the powder extract 42.6 mg GAE/g dry matter. In ad-
dition, it was found that the obtained powdered extract is characterized by a five-fold higher, in comparison
to the raw material, the content of antioxidant activity measured by ABTS and DPPH tests. The content of
1-deoxynojirimycin (DNJ) in the powder extract was nearly four times higher than in dry mulberry leaves.

Conclusion: The optimized process of water extraction of white mulberry leaves allows to keep valuable
bioactive components and to obtain their high concentration.

Key words: Mulberry leaves extract, 1-deoxynojirimycin (DNJ), antioxidant activity, flavonoids

Stowa kluczowe: liscie morwy bialej, DN]J - 1,5-dideoksy-1,5-imino-D-sorbitol, aktywnos¢
antyoksydacyjna, flawonoidy
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INTRODUCTION

White mulberry (Morus alba L.) is a small decidu-
ous tree belonging to the family of Moraceae. It
is mainly appreciated because of its leaves, which
are food for silkworm larvae producing natural
silk. In Chinese medicine, mulberry leaves have
been known for centuries as a medicinal product
used in the form of infusions and decoctions. Re-
cent studies show that both the leaves and extracts
from the leaves of the white mulberry are a rich
source of polyphenol antioxidants such as pheno-
lic acids and flavonoids [1-4]. Besides the antioxi-
dant properties, polyphenolic compounds have
also positive effects on human health [5]. Mulber-
ry and mulberry leaves extracts possess, among
others, hypoglycaemic, hypolipidaemic, hypoten-
sive, and diuretic properties [6-9]. The leaves and
leaves extracts are also rich in naturally occur-
ring alkaloid 1-deoxynojirimycin (DNJ) which is
known to be a strong a-glucosidase inhibitor [10,
11]. DNJ inhibits a-glycosidase by binding to its
active site decreasing of glucose absorption and
sugar level in blood.

There is still lack of studies reporting on any
bioactive compounds extracted from M. alba and
presenting the impact of extraction and spray dry-
ing process on DNJ and bioactive polyphenol con-
tent. Powdered extracts from M. alba are desirable
for consumption apart from their simplicity in use.
The common method of powder production is
spray drying.

Thus, the aim of the work was to optimize the
aqueous process of extraction of white mulberry
leaves (M. alba) and characterization of bioactive
properties of the obtained extract powder.

MATERIAL AND METHODS

Raw material

The material for the study were the leaves of
white mulberry (Morus alba L.) harvested from
the experimental plant farm (Institute of Natural
Fibres and Medicinal Plants, Poznan, Poland). The
leaves were washed and then dried in a convection
dryer (Rational CCC 61/02, Germany) at 60+1°C
for 6-8 h. The dried material was ground into pow-
der and sieved. The 0.8-0.08 mm particles size
were collected and stored in an air-tight container

at 4+1°C until further use.

Standards and reagents

The following standards were used: 1-deoxynojiri-
mycin hydrochloride, trolox, gallic acid, quercetin,
kaempferol all from Sigma-Aldrich (Steinheim,
Germany). Acetonitrile, glacial acetic acid, hydro-
chloric acid, ethanol, acetone, methanol, formic
acid, sodium carbonate, and boric acid were pur-
chased from POCH (Gliwice, Poland). Sodium
tetraborate decahydrate, potassium persulfate,
9-fluorenylmethyl chloramate (FMOC-CI), gly-
cine, Folin-Ciocalteu’s phenol reagent (FC reagent),
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diam-
monium salt (ABTS), were purchased from Sigma-
Aldrich (Steinheim, Germany). All reagents were of
analytical or HPLC grade. The water used through-
out the experiment was purified using a TKA Pa-
cific system UP/UPW (Niederelbert, Germany).

Extraction, concentration and spray drying of
extracts from mulberry leaves

First, the processes on laboratory scale were conduct-
ed. White mulberry leaves were extracted with water
using laboratory shaker equipped with thermoregula-
tor. The influence of temperature (60, 75, 90°C), time
(30, 60, 90 min) and pH (2, 3, 6) were analysed and
the most optimal parameters were chosen. The con-
centration process was performed using laboratory
vacuum evaporator (SPE type 350, Unipan, Poland)
at a pressure of 0.6-0.8 atm and at 70-80°C until the
25-30% dry matter in extract was achieved.

When the most appropriate parameters of ex-
traction were established, the industrial extraction
process on the semi-technical scale was performed.
White mulberry leaves were extracted by 60 min
in counter flow with water at 90+5°C and pH
6.0£0.5 (1:10 m/v) using a twin-screw continuous
extractor (MPR Martin Plowens, Poland). Proc-
ess yield: 10-15 kg/h. Then the aqueous extract
was concentrated to about 30% of dry mass. Con-
centrating the aqueous extract was made periodi-
cally, using a vacuum evaporator WAA 20 (,,PEFA”
Pleszew, Poland) at 70-80°C for 10 hours at a pres-
sure of 0.6-0.8 atm. Spray drying an concentrated
aqueous extract was then performed using a spray
dryer (Niro Atomizer SR16, Denmark). The yield
of the dryer was 16 kg of evaporated water per
hour. Drying was carried out with hot air in coun-
ter flow. Inlet air temperature was (180 5°C) and
outlet (90+ 5°C).
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1-deoxynojirmicine (DNJ) determination

Qualitative and quantitative analysis of 1-deox-
ynojirmicine (DNJ) was performed by the modi-
fied method proposed by Kim and co-authors
[12]. Sample (250 mg) was extracted with 10 ml
of aqueous 0.05 M HCI, next vigorously was shak-
en (approx. 15 s) and centrifuged (4000 rpm) for
15 min. The extract solution over the residue was
saved and the residue was re-extracted again as
described above. First and second extracts were
transferred to the 25 ml volumetric flask and filled
with water. Then, obtained extracts were diluted
with water (1:10 v/v) and used for derivatization.
100 pl of DNJ standard or extract was mixed with
100 yl of 0.4 M potassium borate buffer (pH 8.5)
in a test tube. Then, 200 yl of 5 mM FMOC-CI
in acetonitrile was added with immediate mixing
and allowed to react at 20°C for 20 min. 100 ul of
0.1 M glycine was added to terminate the reaction.
The mixture was diluted with 9.5 ml of 0.1% (v/v)
aqueous acetic acid, and filtered through a 0.45 ym
nylon syringe filter. The measurement of DNJ was
performed using Dionex HPLC system (Dionex
Corp., CA, USA). The chromatographic separa-
tion was on a Supelco Discovery C18 HS column
(3 ym, 150 x 4.6 mm i.d.) (St. Louis, MO, USA) op-
erated at 30°C. The analyte was eluted with mobile
phase of 0.1% aqueous acetic acid and acetonitrile
(60:40, v/v) at 1 ml/min for 8 min. After each anal-
ysis column was washing with acetonitrile by 5 min
to remove impurities, and then conditioned with
mobile phase by 5 min. The injection volume was
10 pl. DNJ alkaloid was identificated using fluores-
cence detector Dionex RF 2000 (excitation 254 nm,
emission 322 nm). The concentration of mulberry
DNJ was calculated from the calibration curve for
standard DNJ. Regression coefficient for standard
curve prepared in the range of 1 - 20 ug/ml was
R? = 0.9994. With the signal to noise ratio 3:1 de-
tection limits were 0.14 yg/ml.

Total phenolic content and antioxidant activity
determination

Extraction step

The dry and grounded leaves of mulberry and pow-
der extract (0.5 g) were weighted into a test tube and
then extracted with 10 ml of solvent (70% aqueous
acetone). Tube was shaken at room temperature for
60 min. Then, samples were centrifuged (4000 rpm)

for 10 min. The clear supernatant was collected. The
procedure was repeated with 10 ml of solvent (70%
aqueous methanol). Both collected supernatants
were transferred to the 25 ml volumetric flask and
filled with methanol. Extracts were stored at 4+1°C
until analysis.

The total phenolic content (TP)

The total phenolic content (TP) were estimated
by the modified method of Singleton and Rossi
[13] using FC reagent. The 0.5 ml extract solution
was mixed with 2.5 ml of FC reagent (pre-diluted
10 times with distilled water). After standing for
6 min at room temperature, 2 ml of 7.5% sodium
carbonate solution were added, then mixed and al-
lowed to stand for 60 min at room temperature in
darkness. Then the absorbance was read at 765 nm
using a UV-visible spectrophotometer (UV/VIS
Philips PU 8735, Great Britain). A calibration curve
was prepared, using a standard solution of gallic
acid (from 10 to 100 mg/ml). Results were expressed
as mg gallic acid equivalent (GAE).

DPPH free radical scavenging activity

2,2-Diphenyl-1-picrylhydrazyl radical (DPPHe.)
assay was carried out to measure the free radical
scavenging activity as described previously by Nuu-
tila et al. [14]. The 3.0 ml of 0.1 mM DPPH solution
in methanol (between 0.8-0.9 absorbance units)
was mixed with 0.1 ml extract solution or standard
solution (Trolox). After mixing, the tubes were in-
cubated in darkness for 60 min at a room tempera-
ture. Then the absorbance was read at 520 nm us-
ing a spectrophotometer (UV/VIS Philips PU 8735,
Great Britain). Results were expressed in mg Trolox
equivalents (TxE).

ABTS free radical scavenging activity

Radical scavenging activity of mulberry leaves ex-
tracts was measured according to Re et al. [15].
Trolox Equivalent antioxidant capacity was deter-
mined by the decolorization ABTS** in comparison
to Trolox standard. Briefly, potassium persulfate
solution was mixed with ABTS solution in order
to generate blue-green ABTS**. The mixture was
incubated in darkness for 16 h. Then, the formed
solution was diluted with ethanol until the initial
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absorbance value of 0.7 at 735 nm was reached. For
the evaluation, 3 ml of diluted ABTS** solution was
added to 30 ul of antioxidant extract (as described
above) or Trolox standard, and then the mixture
was vigorously shaken for 30 s. After 20 min in-
cubation in the dark the mixture was poured into
cuvettes (1 cm x 1 cm x 3.5 cm) and then the absor-
bance was read at 735 nm, using a spectrophotom-
eter. Results were expressed in mg Trolox equiva-
lents (TxE).

Sample preparation, identification and quanti-
fication of flavonoids

Standard solutions of different flavonoids were
prepared by dissolving 10 mg of standard in 10 ml
of methanol individually. The extraction process
was carried out identically as described above.
The evaluation of qualitative and quantitative
composition of flavonoids according to the pro-
cedure based on the modified Hertog et al. [16]
was done. 4 ml of clear extract and 0.6 ml of 6 M
hydrochloric acid was added to a 25 ml test tube,
then the air was removed from nitrogen, the tube
was sealed and heated in 90+1°C by 1 hour. Af-
ter cooling, the hydrolyzate was transferred to a
5 ml volumetric flask and filled up with water to
the mark. Then, the solution was filtered through
a 0.45 ym nylon syringe filter and subjected to
chromatographic separation.

The chromatographic analysis of flavonoids
was based on the modified method described by
Sakakibara et al. [17]. The measurement of flavo-
noids was performed using Dionex HPLC system
(Dionex Corp., CA, USA). Chromatographic sepa-
ration was performed on a reversed phase column
Supelco Ascentis C18 (5 ym, 250 x 4.6 mm) (St.
Louis, MO, USA). The column temperature was
set at 30°C. A linear gradient elution system, us-
ing solvent A: 0.1% formic acid in water — meth-
anol mixture (75:25 v/v) and pH 2.7 and solvent
B: 0.1% formic acid in water-methanol mixture
(20:80 v/v) according to the following profile: from
0 to 100% B (0-1 min/0% B, 1-31 min/0-100% B,
31-33 min/100-0% B, 33-35 min/0% B).The flow
rate was maintained constant at 1 ml/min. The
sample injection volume was 20 ul.

The compounds present in each sample were
identified by comparing their retention times and
UV-visible spectra obtained from the PAD detec-
tor-100 (Dionex Photodiode Array Detektor) with
those of standards.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

Tables 1-3 present the effect of time, temperature
and pH on the efficiency of extraction. The results
of the studies on the impact of the extraction time
on individual separators are presented in table 1. It
was found that the influence of the extraction time
on the DNJ content, the results of antioxidative
tests and the content of main phenolic compounds:
quercetin and kaempferol had a slight effect. The
extraction time of 60 min was selected for further
experiments. Then, the influence of the extraction
temperature on its efficiency was examined (tab. 2)
and it was found that the best effect was achieved at
90°C. At the next stage of the research, the impact of
pH on the extract yield was evaluated (tab. 3).

The results of all the indicators shown that the
extraction was carried at the best out in pH 6. Mul-
berry leaves were extracted at the determined opti-
mal parameters and raw material and the obtained
dry extract was characterized and collected in table
4. The content of DNJ in raw material (dry mulber-
ry leaves) amounted 1.03 mg/g DM. Sample chro-
matogram is shown in (fig. 1). Our results were in
the range obtained by Vichasilp et al. [11] whose
demonstrated that DNJ concentration in young
mulberry leaves varied among mulberry varieties
from 30 to 170 mg/100 g of dry leaves. Hu et al.
[18] presented that in 58 varieties of M. alba the
range of DNJ concentration varied from 0.1341 to
1.472 mg/g of dry leaf. In comparisons to Song et
al. [19], who reported that DNJ content in dried
mulberry leaves of 33 cultivars varied between
1.389-3.483 mg/g in dependent on the mulberry
variety, ours results were located near the lower
limits. The use of an aqueous extraction process
caused a significant (p<0.05), near then fourfold
increase of this compound in obtained powder
extract in comparison with raw material, it was
3.45 mg/g DM.

The total polyphenolic content (TP) in the
powdered extract was fourfold higher than in
dry leaves and amounted respectively 42.6 mg
GAE/g DM. The values of TP in dry leaves was
10.9 mg GAE/g DM. Total polyphenolic content
in mulberry leaves was in agreement with results
of Lee et al. [20], but threefold lower in compari-
son with the six mulberry cultivars from China
ranged from [21]. Lower concentration of TP in
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Table 1

Influence of extraction time (water: temperature extraction, 60°C; pH 6) on DNJ, antioxidant activity (ABTS, DPPH), flavonoids
and total phenolics content in white mulberry powder extract

Extraction

. DNJ ABTS DPPH TP quercetin kaempferol
time
min. [mg/g DM] [mg TxE/g DM] [mg TxE/gDM]  [mg GAE/g DM] [mg/g DM] [mg/g DM]
30 0.68+0.01 35.4+0.9 19.8+0.2 12.6+0.1 1.45+0.06 0.50£0.02
60 0.73+0.01 37.1£0.2 20.9£0.1 12.9+0.1 1.27+0.05 0.46+0.02
90 0.76+0.01 35.7+0.2 21.1£0.1 12.7+0.1 1.13+0.05 0.42+0.02

Results are presented as means + standard deviation, n=3.

DNJ -1 - deoxynojirmicine; DM - dry mass; ABTS - 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH -
2,2-diphenyl-1-picrylhydrazyl; TXE - Trolox equivalents — 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxilic acid; GAE -
gallic acid equivalents

Table 2

Influence temperature extraction (water: time 60 min, pH 6) on DNJ on antioxidant activity (ABTS, DPPH), flavonoids and total
phenolics content in white mulberry extract

Extraction

temperature DNJ ABTS DPPH TP quercetin kaempferol
°C [mg/g DM] [mg TxE/g DM] [mg TxE/g DM] [mg GAE/g DM] [mg/g DM] [mg/g DM]
60 0.73+0.01 37.1+0.2 20.9£0.1 12.9+0.1 1.27+0.05 0.46£0.02
75 1.05+0.02 38.0+2.9 20.3+0.1 13.7£0.1 1.31+0.06 0.46+0.02
90 1.21+0.02 44.3+2.7 27.4+0.4 15.3+0.1 1.45+0.06 0.48+0.02

Results are presented as means + standard deviation, n=3.

DNJ -1 - deoxynojirmicine; DM - dry mass; ABTS - 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH -
2,2-diphenyl-1-picrylhydrazyl; TXE - Trolox equivalents - 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxilic acid; GAE -
gallic acid equivalents

Table 3

Influence of pH extraction (water: temperature 90°C; time 60 min) on DNJ, antioxidant activity (ABTS, DPPH), flavonoids and
total phenolics content in white mulberry extract

Extraction pH DN]J ABTS DPPH TP quercetin kaempferol
pH [mg/g DM] [mg TxE/g DM] [mg TxE/g DM] [mg GAE/g DM] [mg/g DM] [mg/g DM]
6 1.21+0.02 44.3+2.7 27.4+0.4 15.3+0.1 1.45+0.06 0.48+0.02
3 1.15+0.02 41.2+0.4 25.0+0.4 13.9+0.1 1.16+0.05 0.41+0.02
2 0.65+0.01 21.8+0.1 13.6+0.5 13.1+0.1 1.87+0.08 0.52+0.02

Results are presented as means + standard deviation, n=3.

DNJ -1 - deoxynojirmicine; DM - dry mass; ABTS - 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH -
2,2-diphenyl-1-picrylhydrazyl; TXE - Trolox equivalents - 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxilic acid; GAE -
gallic acid equivalents

Table 4
The characteristic of mulberry dry leaves and dried powder extract (water extraction, time 60 min, temp. 90°C, pH 6)
Mulberry moisture DNJ ABTS DPPH TP quercetin kaempferol
pH [%] [mg/g DM] [mg TxE/g DM] [mg TxE/g DM] [mg GAE/g DM] [mg/g DM] [mg/g DM]
Dry leaves 8.40+0.01 1.03+0.01 18.1+0.7 24.5%2.3 10.9+1.2 2.12+0.20 0.72+0.04
Powder extract  2.40+0.01 3.45+0.08 97.9+3.8 124.3+8.1 42.6+0.3 1.87+0.06 0.83+0.06

DNJ -1-deoxynojirmicine; DM - dry mass; ABTS - 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH -
2,2-diphenyl-1-picrylhydrazyl; TXE - Trolox equivalents — 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxilic acid; GAE -
gallic acid equivalents
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Figure 1

HPLC chromatogram of (a): standard 1-deoxynojirimycin (DNJ) (20 ug/ml) (b) DNJ extracted from mulberry leaves

comparison to Zou [21] could be due the drying
process. As reported Wanyo [22] thermal pro-
cessing have both adverse and favourable effects
on TP. Losses in TP by thermal processing have
been also reported by Tan [22] who showed that
drying process above 50°C effects on degradation
of phenolic compounds in mulberry leaves. Also
Jeszka [7] received two times higher concentration
of TP in extract from M. alba from Polish variety
which was 9.26 g GAE/100 g DM using acetone-
water (65:35 v/v) extraction at 54°C. In the current
study extraction was done with water which was
found to be much safer, but less effective solvent
for the extraction of TP from mulberry leaves in
comparison with acetone and methanol [23] what
may influence on lower results. However, it should
be noted that aqueous extraction is much safer in
application to food products as compared to the
acetone-water extraction.

There were two flavonoids (quercetin, and
kaempferol) in the mulberry leaves and leaves
powder extract analysed (tab. 1-4). The querce-
tin concentration varied from 2.12 mg/g DM in
leaves to 1.87 mg/g DM in powdered extract. The

kaempferol concentration varied from 0.72 mg/g
DM in leaves to 0.83 mg/g DM in powdered ex-
tract. Decrease of flavonoids content in obtained
extracts in comparison with raw material may be
due their low solubility in water. Research Katsube
et al. [2, 3] in ethanol extracts showed the presence
of quercetin and kaempferol glycosides, the con-
tent of main glycosides quercetin 3-(6-malonylglu-
coside) and kaempferol 3-(6-malonylglycoside)
was respectively 900 mg/100g and 192 mg/100 g.
Research Thabti et al. [4] of methanol extract from
mulberry leaves confirmed the significant con-
tent of glycosides of quercetin and kaempferol in
this plant product. Dry mulberry leaves exhibited
DPPH radical scavenging activity as 18.1 mg TE/g
DM. This agrees with a recent study of Sanchez-
Salcedo et al. [25] showing slightly lower radi-
cal scavenging activity amounting till 12.64 mg
TxE/g DW. The water extraction process caused
more than fivefold increase of antioxidant activity.
These results are in line with other studies report-
ing a similar DPPH radical scavenging activity in
acetone-water and ethanol-water extracts, which
amounted respectively 35.28 mmol TxE/100 g of
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DM and 38.81 mmol TxE/100 g [7]. Dry mulberry
extract had also the highest capacity to reduce the
ABTS radical cation than dry mulberry leaves. It
amounted 124.3 mg TxE/g DM. The capacity to re-
duce the ABTS radical cation in mulberry powder
extract received by water extraction was sevenfold
higher than in M. alba ethanol-water extract pre-
sented by Jeszka-Skowron et al. [7] who reported
7.23 mM TxE/100g of DM.

CONCLUSION

The extraction process, in optimized extraction pa-
rameters, caused about fivefold increase, in compar-
ison to raw material, antioxidant activity measured
using ABTS and DPPH tests despite the flavonols
such as quercetin was slightly reduced. DN]J content
in the powder extract was four times higher than in
dry mulberry leaves. The optimized process of wa-
ter extraction of the white mulberry leaves allows
to keep valuable bioactive components and achieve
their high concentration.

Conflict of interest: Authors declare no conflict of
interest.
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