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Summary
Introduction: The white mulberry cultivar “Zétwiniska wielkolistna” is a rich source of bioactive substances.

Objective: The aim of the research was to determine the potential of the Polish white mulberry cultivar
“Z6twinska wielkolistna” by determining the content of nutrients, micro- and macroelements and selected
flavonoids in the dried leaves of the plant. Moreover, a SWOT analysis was carried out in the scope of the
possibility of using the cultivar “Zétwiniska wielkolistna” for herbal purposes.

Methods: Mulberry leaves were collected in September 2021 from an ecological plantation located at the
Experimental Station, Institute of Natural Fibers and Medicinal Plants in Poznan National Research Institute
in Petkowo. Leaves were dried at 60°C for 12 h and then laboratory analyses were performed. The research
objective was to determine the content of selected bioactive substances in dried mulberry leaves. Moreover,
the content of nutrients and selected macro- and microelements were determined. Finally, based on the
obtained research results, an attempt was made to evaluate the possibility of using the Polish variety in
herbal medicine.

Results: The dried leaves of white mulberry are a source of nutrients: proteins, fat, sugars and fibre.
Moreover, it contains macro- and microelements: calcium, potassium, magnesium, phosphorus, sodium,
sulphur, zinc, chromium and iron. The white mulberry is also a rich source of flavonoids: quercetin, rutin,
vitexin, isovitexin, luteolin, and apigenin. In addition, white mulberry leaves are a source of vitamins. The
bioactive substances contained in white mulberry leaves can be used to support the treatment of many
diseases, including diabetes or atherosclerosis.

Conclusions: White mulberry (Morus alba L.) is a plant rich in bioactive substances. A native variety of white
mulberry “Zétwiriska wielkolistna” is adapted to the soil and climatic conditions of Poland. The obtained
research results indicate the possibility of using dried white mulberry leaves in herbalism. Developing herbal
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market in Poland and growing interest in white mulberry are excellent opportunities for the promotion of

Polish white mulberry variety.
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INTRODUCTION

White mulberry (Morus alba L.) is a well-known
and valued herbal raw material. Mainly preparations
based on plant leaves - teas, dried fruits, as well
as dietary supplements in the form of tablets, ca-
psules and extracts are present in the market [1].
Preparations of white mulberry are known and
recommended mainly due to their supportive
effect in maintaining a balanced carbohydrate me-
tabolism in the body. These unique properties of
mulberry extracts result from the presence of DNJ
(1-deoxynoijrimycin) - an alkaloid which is an
alpha-glucosidase inhibitor, which translates into a
decrease in blood glucose levels [2]. White mulberry
leaves, in addition to DNJ, contain a number of
other substances with bioactive properties, such
as rutin and quercetin. Moreover, the leaves are
a source of nutrients, vitamins, fibre, micro- and
macroelements [3]. Both the content of nutrients
and bioactive substances in leaves depends on many
factors, including variety, fertilization, duration
of the vegetation period, harvest date, extraction
method [4]. The most popular variety grown in
Poland is the “Zoétwinska wielkolistna”, selected in
the 1950s, which is characterized by large leaf blades
and intensive annual growth. The native variety is
adapted to the climatic and soil conditions in Poland,
which allows it to be cultivated throughout the
country [5]. The tradition of mulberry cultivation is
closely related to silkworm farming, popular in the
last century, for which the leaves are a source of food.
Nowadays, due to the negligible interest in silkworm
cultivation in Poland, mulberry can be planted as a
herbal or energy plant. This paper aims to present
the results of research showing the content of
selected bioactive and nutritional substances as well
as micro- and macroelements in white mulberry
leaves of the cultivar “Zotwinska wielkolistna”
Moreover, the study attempts to assess the potential
of native white mulberry variety in herbalism and
phytotherapy, which may transform into increased
interest in mulberry cultivation among potential
breeders.

MATERIAL AND METHODS

Plant material

Mulberry leaves were collected in September 2021
from an ecological plantation located at the Experi-
mental Station of the Institute of Natural Fibers and
Medicinal Plants, National Research Institute (in
Petkowo). Leaves were collected by hand into plastic
baskets with holes to prevent the raw material from
brewing. Harvest was made from healthy, clean and
undamaged plants, and young leaves were selected.
After harvesting, the leaves were dried at 60°C for 12
hours. After drying, the raw material was stored in
paper bags in a dry and well-ventilated room until
laboratory analyses were performed. Directly before
analysis, the dried mulberry leaves were ground,
using laboratory grinder.

Laboratory analysis

Protein content was determined by the Kjeldahl
titration method [6]. The UV method was used to
determine the content of D-glucose, D-fructose
and sucrose using the enzymatic test Sucrose/D-
Glucose/D-Fructose by R-Biopharm AG [7]. The
lactose concentration was also determined by the
enzymatic method [8]. The content of maltose was
determined in accordance with the method for
determination of maltose in foodstuffs [9]. The
total fat content was determined by the gravimetric
method according to Weibull-Stoldt [10]. The total
fibre was determined by enzymatic-gravimetric
method [11]. The content of ash was determined
by weight method [12]. The carbohydrates was
determined calculated method [13]. The energy
value was determined by a calculation method
using the conversion factors listed in annex XIV,
Regulation (EU) No 1169/2011 of the European
Parliament and of the Council of 25 October 2011
on the provision of food information to consumers
[14]. The content of water and dry weight were
determined by weight method [15]. The fatty acid
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profile was determined by gas chromatography
with flame ionization detection [16]. The content
of sodium and salt content were determined with
method of atomic emission spectrometry with
inductively excited plasma [17]. Atomic emission
spectrometry with inductively coupled plasma
was used to determine the content of chromium,
iron, magnesium and potassium [17]. Vitamin C
concentration was determined by acid extraction of
ascorbic acid in the presence of the reducing agent
Tris (2-carboxyethylphosphine - TCEP) [18]. The
content of rutin was determined by UPLC (Ultra-

Performance Liquid Chromatography) method.
Rutin was analysed with UPLC equipped with PDA
detector and gradient capability with a reverse
phase column [19]. The content of quercetin was
determined by UPLC (Ultra-Performance Liquid
Chromatography) method. Samples were extracted
in methanol, then quercetin was quantified using
an UPLC system equipped with PDA-detector and
gradient capacity with a reverse phase column [20].
The scope of the laboratory analyses carried out
along with the methods used are summarized in
table 1.

Table 1.

Parameters determined in dried white mulberry leaves along with the method used

Marked parameter

Standard

Protein (N x 6,25)

ASU L 06.00-7 (2014-08)*[6]

Appl. R-Biopharm Nr. 10 716 260 035 (2014-04)* [7]
Appl. R-Biopharm Nr. 10 716 260 035 (2014-04)*[7]
Appl. R-Biopharm Nr. 10 716 260 035 (2014-04)* [7]

D-glucose

D-fructose

Saccharose

Lactose ASU L 01.00-17 (2016-10)* [8]
Maltose ASU L 48.02.07-2 (1985-05)* [9]

Fat ASU L 06.00-6 (2014-08)4[10]
Total fiber ASU L 00.00-18 (2017-10)*[11]
Ash ASU L 06.00-4 mod. (2017-10)A[12]
Carbohydrates PN-A-82350 pkt.3.6.8.3 [13]
Energy value Ordinance (UE) NR 1169/2011 [14]

Water content

Dry weight

Saturated fatty acids
Monounsaturated fatty acids
Polyunsaturated fatty acids
Sodium

NaCl salt content

Total sugar content

PN-A-79011-3:1998[15]
PN-A-79011-3:19984[15]

WES 285 (2019-11)A[16]

WES 285 (2019-11)*[16]

WES 285 (2019-11)A[16]

PN-EN ISO 11885:2009 [17]

PN-EN ISO 11885:2009*[17]

Ordinance (UE) NR 1169/2011 [14]

Food Chemistry,94 (2006) 626 -631, LC-DAD [18]

EN ISO 11885 (2009-09) Analysis of liquid samples using an emission plasma

Vitamin C
Quercetin Internal Method 4 LC-DAD [20]
Calcium

spectrometer (ICP-OES) [24]
Chrome EN ISO 11885 (2009-09) mod ICP -OES [17]
Iron EN ISO 11885(2009-09) mod ICP-OES [17]
Potassium EN ISO 11885 (2009-09) mod ICP -OES [17]
Magnesium EN ISO 11885(2009-09) ,mod ICP-OES [17]
Rutin Internal Method 4 LC-DAD [19]
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SWOT analysis

In order to present the possibility of using the variety
“Zotwinska wielkolistna” for herbal purposes, a
SWOT analysis was carried out, taking into account
both the strengths and weaknesses as well as the
opportunities and threats related to the use of the
Polish white mulberry variety in herbal medicine.

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

RESULTS AND DISCUSSION

Nutrient content

Mulberry leaves are a source of nutrients. The
research shows that in 100 g of dried white mulberry
leaves proteins constitute 17.9+0.9 g, carbohydrates
25.1 g,and fat 1.5+0.1 g. The content of simple sugars
is as follows: glucose: 2.13+0.533 g/100 g, fructose:
2.03+0.102 g/100 g. In turn, complex sugars are
sucrose: 7.86+1.18 g, maltose: <0.819 g/100 g, lactose:
<716 mg/100 g. Among fats, unsaturated fatty acids
dominate, with the content of 1.39 g+0.17/100 g,
of which monounsaturated fatty acids constituted
0.98+0.07 g/100 g and polyunsaturated fatty acids
0.41+0.10 g/100 g. Research has shown that dried
mulberry leaves are a rich source of fibre, the con-
centration of which was 33.4+11.7 g/100 g (fig. 1). The
content of salt (NaCl) was also determined, which
was 0.0069 g/100 g and sodium 27.6+8.56 mg/kg. The
literature data show that the content of nutrients in
mulberry leaves depends both on the variety and the
placeof cultivation [21,22]. The percentage of protein
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in mulberry leaves ranges from 14 to 30.90% and fat
from 1.9 to 8.1% [21]. In turn, in the varieties grown
in China, the protein concentration ranges from
27.63£0.06 to 37.36+0.59 g/100 g [22]. The research
carried out by Przeor et al. [23] showed the protein
content of the white mulberry variety “Zoétwiniska
wielkolistna” at a level of 12.78+0.33 g/100 g and fat
1.79+0.16 g/100 g. Compared to the cited research
results, higher protein content and lower fat were
found. Perhaps the observed differences are the
result of the storage time of the raw material. The
nutritional value of dried mulberry leaves has been
established at 1054 kJ/100 g.

The content of selected micro- and macroelements

Dried white mulberry leaves are also a source of
micro- and macroelements. Among the macro-
nutrients, calcium, potassium, magnesium, pho-
sphorus and sodium, as well as micronutrients:
sulphur, zinc, chromium and iron were determined.
Among macronutrients, the highest concentra-
tion of calcium was 25.000 mg/kg, of potassium:
21.000 mg/kg, and the lowest of sodium 27.6 mg/kg.
The content of phosphorus and magnesium re-
mained at similar levels and amounted to 1900 and
2200 mg/kg, respectively (fig. 2).

Sulphur dominated among the micronutrients,
with the concentration of 1800 mg/kg, while
the lowest content was achieved by chromium:
0.3 mg/kg. The content of iron and zinc were 120
and 15 mg/kg, respectively (fig. 3).

As in the case of nutrients, the content of micro-
and macroelements depends on many factors and
varies between different varieties of white mulberry.
The calcium content ranges from 11.2 to 27.6 mg/g,
and of potassium from 12.4 to 18.6 mg/g. The

10 ‘
. | l
0 || !
Protein Fat Total fber Ash Carbohydrates Water
179 15 B4 121 251 10
Figure 1.

The content of nutrients in dried white mulberry leaves, cultivar “Zétwinska wielkolistna” [g/100 g]
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Figure 2.

Content of selected macronutrients in dried white mulberry leaves, cultivar “Zétwiniska wielkolistna” [mg/kg]

smallest differences are observed for magnesium
and phosphorus, with concentrations from 2.2 to
5.3 and from 3.7 to 7.02 mg/g, respectively [21]. The
results of the research on the cultivar “Zétwinska
wielkolistna” carried out by Przeor et al. [23]
showed the dominance of sodium and potassium
macronutrients, the contents of which were
88.73+0.34 and 67.79+3.25 mg/g, respectively, while
among the microelements the highest concentrations
were found for iron, manganese and zinc: 79.87+1.11,
27.01£1.33 and 24.09+0.74 ug/g, respectively.

Content of selected flavonoids

Literature data indicate the presence of numerous
compounds from the group of flavonoids in mulberry

Fe
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leaves, including quercetin, rutin, vitexin, isovitexin,
luteolin, and apigenin [3, 24, 25]. In the conducted
research, an attempt was made to determine the
content of rutin and quercetin. The rutin content was
444 ug/g. For comparison, in the aqueous extracts of
dried mulberry leaves, the rutin content was found to
be 0.003%, while in hydroalcoholic extracts the rutin
concentration ranged from >0.1 to >0.2% depending
on the harvest date [26, 27]. Unfortunately, it was
not possible to determine the exact concentration
of quercetin due to the content lower than the
accepted level of quantification (<5 pg/g). A similar
problem was encountered in 2016, when an attempt
was made to identify the content of quercetin in
white mulberry variety “Zdtwinska wielkolistna”
[26]. Wawro et al. [27] determined the content of

800 1000 1200 1400 1600 1800 2000

Cr Fe
0,3 120

Figure 3.

Content of selected microelements in dried white mulberry leaves, cultivar “Zétwinska wielkolistna” [mg/kg]
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quercetin in the “Zétwiniska wielkolistna” cultivar
for samples collected in 2010 and 2011, finding
significant differences in content depending on the
harvest year. In turn, Przeor et al. [8] indicate the
quercetin content in the tested variety at the level of
0.032+0.005 mg/g.

The content of vitamins

Literature sources indicate the presence of many
vitamins in mulberry leaves [2, 5]. As a result of the
research, the content of vitamin C in dried white
mulberry leaves of cultivar “Zotwinska wielkolistna”
was determined as 93.7 mg/100 g.

Evaluation of the herbal potential of the white
mulberry variety “Zélwinska wielkolistna”

White mulberry is currently a niche source of herbal
raw materials in Poland. Herbal preparations based
on raw material obtained from white mulberry,
mainly leaves, are very popular due to their nu-
merous, proven and confirmed therapeutic effects.
However, due to the limited resources of domestic

raw material, producers are forced to import it from
abroad. In the era of the coronavirus pandemic and
its consequences in the supply chain of raw materials,
semi-finished products and finished products, it is
extremely important to have own raw material base.
The Polish variety of white mulberry “Zétwinska
wielkolistna” is fully adapted to the climatic and soil
conditions prevailing in Poland. What is more, due
to the moderate soil requirements with simultaneous
aesthetic values, it can be successfully planted on
weaker soils or wastelands not used for crops and
as a hedge plant [5]. Moreover, the high content of
bioactive compounds makes it interesting for the
herbal industry and fully competitive for foreign
raw materials [2, 3, 23]. Due to the growing interest
among consumers in ecological products that
have been produced on the basis of ecological raw
materials while respecting the natural environment,
this trend can be successfully used in the case of
sourced raw materials from white mulberry. After
meeting certain requirements, the plantation can
obtain an organic farming certificate and sell a fully
organic raw material which additionally increases its
value in the sales markets. It is extremely important

Table 2.

SWOT analysis on the possibility of using the white mulberry variety “Zétwiniska wielkolistna” for herbal purposes

SWOT analysis on the possibility of using the white mulberry variety “Zétwinska wielkolistna”
for herbal purposes

Strengths

o Variety adapted to Polish soil and climatic conditions

o Low soil requirements enabling cultivation in areas
not used for agricultural crops

« Content of nutrients, bioactive compounds, micro-
and macroelements, vitamins

o Large leaf plates facilitate harvest

o Large annual shoot increments

o Niche direction among herbal plants grown in Poland

opportunities

o Growing interest in the herbal products market

o Fully ecological mulberry cultivation methods,

o Harvesting the raw material

o Presence of DNJ, which is used to support the
treatment of diabetes

o Developing market of herbal products in Poland

o Source of domestic raw material for mulberry
products;

Weaknesses

o DPossibility of use of mulberry (raw material harvest)
in several years after planting

o The need for annual pruning for the formation of
shrubs

o Variable content of bioactive substances during the
growing season

+ Short growing season

o Air temperature >12°C necessary to start vegetation

« Manual raw material collection threats

o Frosts in the bud phase, often occurring in Poland in
May

o Higher production costs of raw material compared to
foreign raw material

o Long period from establishment of the plantation to
harvest

o The need to establish a large plantation in order to
meet the needs of the market

o Long payback period
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that mulberry can be successfully used in various
sectors of the economy, constituting an additional
source of income for growers, apart from the
measurable effects derived from the sale of mulberry
leaves as herbal raw material. Table 2 presents the
strengths and weaknesses as well as the analysis of
opportunities and threats for the possibility of using
the white mulberry variety “Zotwiriska wielkolistna”
for herbal purposes in SWOT analysis.

CONCLUSIONS

1. White mulberry variety “Zétwiniska wielko-
listna” is fully adapted to the soil and climatic
conditions of Poland and can be successfully grown
in the country. Due to low soil requirements, it can
be an effective way of managing soils not used for
agricultural crops.

2. The content of nutrients, valuable bioactive
substances, including rutin, DNJ and microelements,
macroelements and vitamins in the leaves of
“Zotwinska wielkolistna” variety makes it a valuable
herbal raw material.

3. The developing herbal market in Poland and
the growing interest in white mulberry are excellent
chances for the development of plantings of the
Polish white mulberry variety.

Conflict of interest: The authors declare that they
have no conflict of interests.
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