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Abstract The black mulberry (Morus nigra L.), a
member of the Moraceae family, is a resilient plant
known for thriving in diverse climates. It is valued for
its rich composition of both primary and secondary
metabolites, which contribute to a wide range of health
benefits. Among the most significant of these are
anthocyanins, which are responsible for the plant’s
antioxidant, anti-inflammatory, and antibacterial
properties. Traditionally, Morus nigra has been widely
used in Chinese and Indian medicine to treat a variety
of conditions, including diabetes, hypertension, and
neurodegenerative diseases. Recent scientific studies
have supported these traditional uses, highlighting the
plant’s potential in modern medicine. Specifically,
Morus nigra has demonstrated positive effects on
cardiovascular health, blood sugar regulation, and
tissue protection. The fruit of the mulberry is rich in
primary metabolites such as carbohydrates, proteins,
and essential fatty acids, enhancing its nutritional
value. Secondary metabolites, including flavonoids
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and phenolic compounds, are particularly important
for their role in reducing oxidative stress and inflam-
mation. Additionally, Morus nigra has shown promis-
ing antidiabetic and antihyperlipidemic effects,
influencing metabolic pathways related to insulin
resistance and lipid regulation. Despite its many
health benefits, caution is needed when using Morus
nigra in supplement form, particularly in high doses.
While the fruit is generally safe for consumption,
studies on leaf extracts have revealed potential toxicity
at elevated doses, emphasizing the need for careful
dosage. Further research is essential to determine
optimal intake levels and fully explore the plant’s
pharmacological potential.

Keywords Morus nigra - Phytochemistry -
Pharmacology - Toxicology - Traditional use

Introduction

From seed to mature product, a variety of chemicals
are generated to provide, protect, and preserve the
vitality of plants. Primary metabolites include lipids,
proteins, carbohydrates, and nucleic acids (Lazar
2003). Primary metabolites, which are present in high
quantities, primarily influence the reproductive and
nutritional processes of plant development (Alvarez
2014). The elements Carbon (C), Hydrogen (H),
Oxygen (O), and Nitrogen (N), which together form
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the code of vitality through photosynthesis and
nitrogen cycle processes, combine to form primary
metabolites, which are primarily synthesized from
Krebs cycle intermediates in the energy production
mechanism (Mann 2021). Metabolites synthesized
using substrates or end products resulting from the
metabolism of primary metabolites are called sec-
ondary metabolites. Secondary metabolites are com-
pounds found in low concentrations that are not
directly related to the basic vital activities of the plant
but are at least as important as primary metabolites
(Twaij and Hasan 2022). Secondary metabolites are
evaluated under 4 main groups as phenolic compounds
produced by shikimate or malonate, terpenoids syn-
thesized from isopentenyl diphosphate, nitrogen or
sulfur/sulfur containing and minor structure metabo-
lites. The main function of secondary metabolites in
plants is to maintain the highly complex mechanisms
developed for defense, protection, adaptation to the
environment, survival and continuation of their gen-
erations (Saxena et al. 2013). In addition to these
functions, they provide the tissues with their unique
color, such as anthocyanins, carotenoids and betalains
(Malabadi et al. 2022). In addition, secondary metabo-
lites are used in industrial areas such as paint, fiber,
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Plantae Tracheobionta

Kingdom ISllbkillgdom Superdivision

Spermatophyta Magnoliophyta

’ t ;
Morus Alba

Fig. 1 Scientific classification of Morus L. (Jan et al. 2021)
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Morus Rubra

glue, oil, flavor, perfume and medicine (Chiocchio
et al. 2021). Different plant species have varying
amounts of secondary metabolites, which vary based
on both internal and external variables such soil type,
climate, and genetic variants. Safe intake levels,
various health benefits, and toxicological conse-
quences have been the subject of increased research
in recent years due to the growing interest in the
pharmacological and toxicological effects of sec-
ondary metabolites. A review of the research is
included along with information on the chemical
composition of black mulberry (Morus nigra), a
member of the mulberry family that has therapeutic
effects on endocrine systems due to its secondary
metabolites, as well as the health benefits of these
metabolites, the use of nutraceuticals, and safe intake
levels.

Because of its exceptional adaptability to various
temperature and soil circumstances, the mulberry
(Morus spp.), which is a fruit species that belongs to
the Morus genus of the Moraceae family of the
Urticales order, can thrive in temperate, tropical, and
subtropical climate zones, topography, and soil con-
ditions (Ercisli and Orhan 2007; Yilmaz et al. 2012).
Originating from temperate regions of Asia, mulberry

Class Subclass Order Family

Moraceae

Magnoliopsida Hamamelididae Urticales

Morus Nigra
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is a perennial plant with a high structure that is widely
dispersed. This plant can thrive in a wide range of
climates, from the tropics to the sub-arctic and up to
4000 m above sea level. It normally prefers calcare-
ous-clayey and southern soils, and it is not greatly
impacted by drought (Vijayan et al. 2011). 10-12 of
the roughly 100 species of the Morus genus, 68 species
and one subspecies, that have been described are
regularly farmed in the world’s mild climate zones

Records removed before
screening:
Records marked as ineligible
by automation tools (n = 39)
Records removed for other
reasons (n = 0)

Records excluded**
(n = 665)

Reports not retrieved
(n=0)

Reason 1(n=0)
Reason 2 (n=0)
Reason3(n=0)
etc.

(Rodrigues et al. 2019). Recently, variations having
both male and female flowers can be found alongside
pistillate, staminate, and even hermaphrodite species
(Memete et al. 2022). Among these, Morus nigra L.
(black mulberry), Morus rubra L. (red mulberry), and
Morus alba L. (white mulberry) are the three main
species and grow all over the world (Fig. 1) (Branddo
et al. 2021; Jan et al. 2021). Although they are named
by their colors, it is not possible to understand the type
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Table 1 Nutritional composition of Morus nigra

Chemical References
composition . > A
Ercisli and  Imran Paunovi¢  Islamova Babazadeh Darjazi Sakar Saeed et al. Othman
Orhan et al. et al. (2022) and Jaimand et al. (2023) et al.
(2007) (2010) (2020) (2023) (2023) (2024)
Carbohydrates — 13.83 - - 8.98-13.2 - - 8.18
(%)
Glucose (g/ - - 7.9-8.5 8.07 4.85-7.11 6.98-8.03 - -
100 g)
Fructose (g/ - - 11.5-12.5 4.91 4.1-6.15 6.72-1.76 - -
100 g)
Protein (%) 8.9-10.9 0.96 1.37-1.45 - - - - -
Lipid (%) 0.95 0.55 - - - - - -
Linoleic acid 61.9 - - - - - - -
(%)
Palmitic acid 12.1 - - - - - - -
(%)
Oleic acid (%) 14.8 - - - - - - -
Vitamins
Tiamine - - 0.095 0.04 - - - -
Riboflavin - 0.04 0.097 0.03 - - - 0.086
(mg/100 g
FW)
Niacin (mg/ - 1.60 3.94 0.1 - - - 2.93
100 g FW)
Ascorbic acid  21.8 15.37 19.78 29.0 - 20.4-27.6 - -
(mg/100 mL)
Minerals
Ca (mg/100 g) 132 470 27.04 28.7 - - 185 £03 126.67
P (mg/100 g) 232 231.05 - - - 103.48 £ 0.03  276.0
Mg (mg/ 106 240 234 54.6 - - 27.7 £0.2 -
100 g)
Na (mg/100 g) 59 272 255 14.0 - - 742 £ 0.2 53.67
K (mg/100 g) 922 1270 207.7 309.8 - - 2319 £ 0.2 1412.67
Fe (mg/100 g) 4.2 77.6 1.4 24 - - 1.7 £ 0.0 4.58
Cu (mg/100 g) 0.4 0.58 0.03 - - 0.81 £ 0.04 -
Zn (mg/100 g) 3.2 59.20 0.3 0.38 - - 0.5 £ 0.07 6.18
Mn (mg/ 4.2 - - 0.03 - - - 247
100 g)
Ni (mg/100 g) - 1.60 - 0.02 - - - 2.09

of mulberry from the color of the fruit. For example,
Morus alba fruit can be white, purple or black. Morus
rubra is dark red-black. Morus nigra is dark purple,
almost black, and is the most preferred among
mulberries because it is generally large, juicy and
has a balanced sugar-acid ratio (Ercisli and Orhan
2007). The first reports of Morus alba were from

@ Springer

China, Europe, and North America. Because Morus
nigra is native to Iran and the Caucasus, it is also
known as Persian black mulberry. North America is
the native home of Morus rubra (Barbour et al. 2008)).
The largest mulberry growing countries are India and
China and there are potential gene reserves for
mulberry conservation in Uttarakhand, Nandadevi,
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Fig. 3 Chemical composition of Morus nigra L

Namdapha, Kaziranga, Manas, Nokrek, Andaman and
Nicobar Islands National Parks in India (Ananda et al.
2003). In these countries, mulberry is grown for its
leaves, which are the most important food source for
silkworms (Bombyx mori L.) (Ercisli and Orhan 2007).
Despite this, in European countries such as Tiirkiye
and Greece, mulberry is grown for its fruit rather than
its leaves (Bugrut et al. 2023; Can et al. 2021; Wang
et al. 2023).

Mulberry root, leaf, stem and fruit can be used in
different areas (Kirac et al. 2024; Radojkovic et al.
2014). With the growth of the functional food
industry, mulberry leaves, which were formerly used
to feed silkworms, are now frequently employed for
pharmacological purposes and have a substantial
economic impact in Tiirkiye (Gundogdu et al. 2017).
In addition, it is known that mulberry trees are used in
the paper industry, furniture, and the production of
some musical instruments (Lochyniska and Oleszak
2013; Rahman and Islam 2021). Some mulberry
species are used as hedge plants in addition to being
significant attractive plants in landscape design
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(Abdelnaby et al. 2021; Blitek et al. 2022). Fresh or
dried mulberry fruit is consumed, and mulberries are
also used to make tea, jam, molasses, marmalade, ice
cream, noodles, and other foods (Askin et al. 2022;
Ghanem et al. 2022; Vijayan et al. 2014; R. Zhang
et al. 2022). Historically, mulberry fruits, roots and
bark have been used in functional medicine to treat
sore throat, anemia, iron deficiency anemia, hyper-
tension, diabetes and arthritis; as an antipyretic,
antibiotic and diuretic to protect the liver, treat vision
problems, reduce blood pressure and prevent cardio-
vascular diseases (Dadhwal and Banerjee 2023).
Especially in traditional Chinese medicine, Morus
nigra is used in different ways in the treatment of
dizziness, tinnitus, blurred vision, coronary heart
disease, anemia, cancer, dysentery, hypertension,
diabetes, diarrhea, constipation, asthma, Parkinson’s
etc., in the removal of intestinal worms, as an
expectorant and antipyretic (Luo et al. 2019; Yadav
et al. 2022).

The Morus genus within the Moraceae family
contains more than 100 subspecies. The most widely
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Table 5 Antibacterial and antifungal activity of Morus nigra

Microorganism References

Escherichia coli Kumar et al. (2015)
Staphylococcus aureus
Pseudomonas aeruginosa
Klebsiella pneumoniae
Salmonella typhimurium
Bacillus subtilis Ahmad and Ahmed (2016)
Escherichia coli
Pseudomonas aeruginosa
Escherichia coli Bahi et al. (2016)
Staphylococcus aureus
Klebsiella pneumonia
Bacillus cereus

Candida albicans
Acinetobacter sp.
Aspergillus niger

Fusarium oxysporum
Aspergillus fumigates
Aspergillus flavus
Staphylococcus epidermidis ~ Aulifa et al. (2017)
Propionibacterium Acnes
Bacillus cereus Souza et al. (2017)
Enterococcus faecalis
Escherichia coli
Klebsiella pneumoniae
Salmonella choleraesuis
Serratia marcescens
Shigella flexneri
Staphylococcus aureus
Staphylococcus aureus Miljkovi¢ et al. (2018)
Staphylococcus epidermidis
Streptococcus pyogenes
Enterococcus faecalis
Propionibacterium acnes
Escherichia coli
Pseudomonas aeruginosa
Acinetobacter baumannii
Proteus mirabilis
Klebsiella pneumoniae
Bacillus subtilis Zhou et al. (2019)
Staphylococcus aureus

Escherichia coli

Proteus vulgaris

Candida albicans

Candida glaborata

Table 5 continued

Microorganism References

Budiman and Aulifa (2020)
Aulifa et al. (2021)
Trak and Arslan (2021)

Streptococcus mutans
Streptococcus mutans
Enterococcus faecalis
Listeria monocytogenes
Bacillus cereus
Staphylococcus aureus
Salmonella Typhimurium
Enterobacter aerogenes
Klebsiella pneumoniae
Escherichia coli 0157:H7
Salmonella enterica
Staphylococcus aureus Melo et al. (2022)
Escherichia coli

Pseudomonas aeruginosa

Klebsiella pneumoniae

Shigella flexneri

Serratia marcescens

Staphylococcus aureus
MRSA

Salmonella choleraesuis
Staphylococcus epidermidis ~ Sharifee et al. (2022)
Staphylococcus aureus

Streptococcus mutans

Streptococcus pyogenes

Pseudomonas aeruginosa

Dheeb and Al-Samarraie
(2023)

Candida albicans
Candida tropicalis
Candida kruzei

Candida parasilosis
Cryptococcus neoformans
Trichophyton rubrum
Aspergillus fumigatus

used species in the food, pharmaceutical, and silk-
worm industries are Morus nigra, Morus alba, and
Morus rubra; other frequently used species include
Morus latifolia, Morus cathayana, Morus atrop-
upurea, Morus bombycis, Morus wittiorum, and
Morus multicaulis (Vijayan et al. 2011; Zhao et al.
2005). Mulberry species Morus alba, Morus nigra,
and Morus rubra, whose fruits are used and widely
cultivated, have come to the fore because they have
more bioactive components and therapeutic potential
than other mulberry species (Can et al. 2021). It is
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stated that 95% of the mulberry tree potential in
Tiirkiye belongs to Morus alba, 3% to Morus rubra
and 2% to Morus nigra (Ercisli 2004). It is estimated
that the reason for the lower rates of the Morus nigra
species is that the products are offered for direct sale in
local markets or have lower yields (Ciice 2024).

Material and methods

The aim of the present study was to conduct a review
of the pharmacological and toxicological profile of the
Morus nigra. The study was based on a systematic
approach.

Criteria for inclusion and exclusion

The systematic review included all pharmacological
and toxicological profile of the Morus nigra and was
not limited to a specific period of time. Both research
and review articles were included in the present study.
However, studies in languages other than English were
excluded.

Procedure

Two researchers searched the databases independently
in 2024. As the subject of the study comprises a
medical nature, the search of the relevant literature
was primarily concentrated on the Scopus, Google
Scholar, PubMed and Web of Science databases. The
search procedure included a combination of the terms
Morus nigra, black mulberry, pharmacology, toxicol-
ogy, phytochemistry. In the search, a total of 858
studies were reviewed. As a result, 193 of the reviewed
articles were classified as appropriate and included in
the study, as shown in the PRISMA flowchart (Fig. 2).

Chemical composition of Morus nigra

Morus nigra, whose homeland is Iran, is a tree with
28-308 chromosomes, typically monoecious, can
grow up to 10-13 m tall, grows in warm and humid
climate regions and sheds its leaves in winter
(Kruthika et al. 2023). Its fruit is dark purple, almost
black; It is an edible fruit with a fruiting period of
8-10 weeks, consisting of several small seed clusters
that are 2-3 cm long when ripe. Morus nigra, which is

@ Springer

quite delicious with its balanced sugar-acid ratio; it is
similar to Morus rubra in taste and is known to be
more delicious than Morus alba (Gundogdu et al.
2017).

Because primary and secondary metabolites in
plants are influenced by several geographical ele-
ments, including soil, climate, altitude, temperature,
harvest time, and post-harvest storage conditions, they
differ in their chemical composition (Gundogdu et al.
2018). The primary metabolites that provide sweet-
ness in fruits are saccharides, most commonly fruc-
tose/glucose, and generally occur during the ripening
process of the fruit (Muir et al. 2007; Okatan et al.
2022). The overall carbohydrate content of Morus
nigra fruits is 5-10 g/100 g of fruit weight. Glutamate
is the most common amino acid in Morus species,
making up about 20% of the total. Glycine and
aspartate are the next most abundant amino acids.
Additionally, Morus nigra has larger levels of his-
tidine, proline, and lysine than Morus alba (Hao et al.
2022). Despite its low protein and lipid levels, it’s also
contains essential fatty acids that the human body
cannot synthesize (essential) for the formation of
healthy cell membranes, proper functioning of the
brain and nervous system, and the production of
eicosanoids (Ali Redha et al. 2023). Morus nigra,
which is also rich in micronutrients, contains vitamins,
mostly ascorbic acid (Vitamin C), and minerals,
mostly potassium (K) (Table 1). Although toxic heavy
metal levels are low, harmful effects of fruits
consumed through irrigation water or soil contamina-
tion can also be seen (Ercisli and Orhan 2007,
Radojkovic et al. 2014).

Secondary metabolites of Morus nigra

Plants produce secondary metabolites to defend
themselves against threats, but they are not necessary
for them to live. These substances include sulfur
compounds, alkaloids, phenolic compounds, and ter-
penoids. Consuming fruits and vegetables high in
phenolic compounds lower the risk of heart disease,
cancer, neurological disorders, and chronic diseases
(Boranbayeva et al. 2014). Secondary metabolites
with anti-oxidant, anti-mutagenic, and anti-carcino-
genic qualities, such as flavonoids, alkaloids, gamma
amino butyric acid (GABA), and carotenoids, are also
abundant in Morus nigra fruit (Can et al. 2021; Ercisli
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and Orhan 2007). Of these metabolites, flavonoids,
such as routine and chlorogenic acid, have the largest
concentrations. Fruits that are blue-purple in color are
also attributed to flavonoids called anthocyanins,
which are present in high concentrations in Morus
nigra fruits (Ozgen et al. 2009). It does not exhibit any
dominating color characteristics while containing
carotenoids such as lutein, zeaxanthin, and o/f-
carotenes (Thabti et al. 2011). Morus nigra is rich in
non-anthocyanins such as quercetin-3-rutinoside,
kaempferol-3-rutinoside, and quercetin-3-glucoside,
and anthocyanins such as cyanidin-3-glucoside, cyani-
din-3-rutinoside, cyanidin-3-sophoroside, pelargoni-
din-3-glucoside, and  pelargonidin-3-rutinoside
(Table 2.) (Huo et al. 2023). In plant metabolism,
organic acids function as osmotic anions and interme-
diate products during the conversion of various
chemicals. In plants, organic acids including malate,
citrate, fumarate, o-ketoglutarate, and oxalo-succinate
are part of the Krebs cycle and generate the C skeleton
that is needed to convert amino acids into protein
molecules (Panchal et al. 2021). It is also rich in
organic acids such as malic acid, citric acid, fumaric
acid, tartaric acid and succinic acid, which help
improve taste (Table 3.) (Can et al. 2021; Eyduran
et al. 2015). Furthermore, 40 different volatile aroma
compounds are identified in Morus nigra, including
ethyl acetate, heptanal, methional, hexanal, trans-2-
hexanal, 2-octenone, limonene, terpinonen, decanoic
acid, ethyl decanoate, acetic acid, and 3-hydroxyl-2-
butanone (Calin-Sanchez et al. 2013) (Fig. 3).

Pharmaceutical effects of Morus nigra

Since ancient times, traditional medicine has
employed plants to cure many illnesses. It is well
known that certain chemicals included in fruits and
vegetables may assist treat specific diseases (Halber-
stein 2005). Morus nigra has also been used in
traditional medicine for many years, especially in
China and India. (Feng et al. 2015; Manzoor and
Qayoom 2023). In recent years, a great deal of
research has been done on the various secondary
metabolites that are present in the leaves, seeds,
branches, and fruits of Morus species. These metabo-
lites have been shown to have antioxidant, antinoci-
ceptive, antibacterial, anti-melanogenic, anti-
inflammatory, antidiabetic, and antihyperlipidemic

effects, as well as organ protective properties that
reduce damage at the cellular and tissue level (Aulifa
et al. 2017; Chen et al. 2016, 2017; Wang et al.
2022a, b, ¢). At the same time, it has been shown that it
is effective in the treatment of neurological diseases
such as Parkinson and Alzheimer (Giiger Oz et al.
2024; Siddique et al. 2023; Talo Yildirim et al. 2019).
There are hundreds of different secondary metabolites
identified in Morus nigra species and all of them are
used in both traditional and modern medicine in the
treatment of diseases indicated by different
mechanisms.

Antioxidant activity

Oxidizing chemicals, which include reactive oxygen,
nitrogen, sulfur, and carbonyl derivatives, are pro-
duced by metabolic processes within cells and stres-
sors in the environment (Sies et al. 2017). These
compounds change the pH concentrations on the cell,
disrupt the cell membrane integrity, degenerate the
cell and cause vital activities to stop (Shinde et al.
2012). Another way to describe oxidative stress is as
the state that results from the body’s antioxidant
defense system being over extended. Ageing, cancer,
diabetes, atherosclerosis, chronic inflammation, neu-
rological diseases, and ischemia reperfusion disorders
are all significantly impacted by oxidative stress (Sies
et al. 2017). Substances that prevent oxidation caused
by free radicals and have the ability to capture and
stabilize free radicals are called antioxidants. Antiox-
idants are molecules responsible for limiting radical
formation, terminating radical reactions, neutralizing
formed radicals and eliminating damaged molecules,
and they minimize possible damage to the body by
binding free radicals to themselves or neutralizing
them (Gulcin 2020).

Antioxidants are examined in two groups as natural
and artificial antioxidants. Superoxide dismutase
(SOD), catalase, peroxidase, glutathione reductase,
glutathione-S-transferase are known as enzymatic
natural antioxidants. Minerals such as copper, zinc,
selenium, which are cofactors of these enzymes, are
also expressed as antioxidant effective minerals.
Components found in the blood such as glutathione,
ceruloplasmin, bilirubin, albumin, and ferritin are
endogenous antioxidants. In addition, vitamins A, C,
and E found in vegetables and fruits are important
exogenous antioxidant sources. Ethoxyquin, butylated
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hydroxy anisole, butylated hydroxy toluene, propyl
gallate, and tertiary butyl hydroquinone, which have
been synthesized synthetically since the mid-twentieth
century, are artificial antioxidants that have survived
to the present day due to their preservative purposes in
foods and their prevention of fat oxidation (Flieger
et al. 2021; Girish et al. 2023). However, there are
studies showing that the use of high amounts of
artificial antioxidants causes toxicity on the cell
(Esazadeh et al. 2024; Xu et al. 2021).

Certain secondary metabolites included in fruits
and vegetables are known to have potent antioxidant
properties. Fruits with a high anthocyanin content in
particular have a strong antioxidant activity. Blue-
purple fruits including blackberries, strawberries,
raspberries, cranberries, elderberries, and black mul-
berries are a few examples of these fruits (Bezerra
et al. 2024). The species of Morus L. with the highest
anthocyanin content is Morus nigra. Tables 1 and 2
demonstrate the abundance of vitamins C and E,
carotenoids, phenolic compounds, and antioxidant-
producing chemicals called anthocyanins found in
Morus nigra. Furthermore, it is regarded as a signif-
icant source of antioxidants because to its copper and
zinc content.

Proximetric and colorimetric techniques can be
used to identify antioxidant chemicals in food in vitro.
The antioxidant capacity of Morus nigra was assessed
using a variety of methods in the fruit, including
hydroxyl radical (OH-) scavenging, trolox equivalent
antioxidant capacity (TEAC), ferric reducing antiox-
idant power (FRAP), copper (II) reducing antioxidant
capacity (CUPRAC), oxygen radical absorption
capacity (ORAC), folin-ciocalteu (FC), 2,2'-azino-
bis (3-ethylbenzothiazoline)-6-sulfonic acid (ABTS),
and lipid peroxidation (Lim and Choi 2019). Table 4
summarizes the results of some recent studies.

Anti-inflammatory effect

When physical, chemical, or infectious agents cause
damage, harm, or destruction to tissues, the body
responds by producing inflammation. Tissue damage
or injury is caused by stimulatory, inhibitory, sup-
pressive, or blocking reactions that are coordinated by
intricate cellular connections between cells (Meizlish
et al. 2021). These responses are mediated by low
molecular weight cytokines, chemokines, and eicosa-
noids released from immune cells. While some of
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these mediators cause anti-inflammatory reactions,
others cause pro-inflammatory ones. TNF-o, inter-
leukin (IL) 1 family, IL-6, and interferons are the most
significant and researched proinflammatory cytokines,
and they have a role in the development of numerous
chronic diseases (Mohammed Bakheet et al. 2024,
Zhang and Dhalla 2024; Zhang et al. 2024). Some
studies have shown that some compounds obtained
from Morus nigra leaves and seeds inhibit edema
development and granulation, which are stages of
inflammation. (Padilha et al. 2010; Wang et al. 2010).
It is well recognized that anthocyanins, particularly
those in food, have this function. Research has
demonstrated that cyanidin-3-O-glucoside inhibits
the formation of prostaglandin E2 (PGE2), IL-8,
nitrite oxide (NO), and cyclooxygenase-2 (COX-2) as
well as the expression of iNOS and iNOS-related
proteins, hence reducing cytokine-induced inflamma-
tion in intestinal cells (Khoo et al. 2017; Liu et al.
2021; Serra et al. 2013).

Wang et al. (2010) reported that Mornigrol D and
norartocarpetin obtained from Morus nigra roots
inhibited the release of B-glucuronidase from poly-
morphonuclear leukocytes in rats. Chen et al. (2016)
reported that proinflammatory cytokines such IL-1J,
TNF-a, and IFN-y were reduced by cyanidin-3-O-
glucoside (8.3 mg/g) and cyanidin-3-O-rutinoside
(2.9 mg/g). In another study, rats with sepsis in Morus
nigra showed a large increase in the anti-inflammatory
cytokine IL-10 and a significant drop in the levels of
hepatic IL-1B and IL-6 (de Padua Lucio et al. 2018).
Morus nigra was found to have an anti-inflammatory
impact because of its anthocyanin concentration in
another study assessing the plant’s ability to heal
wounds and reduce inflammation (Zhou et al. 2019).
The anti-inflammatory properties of Morus nigra
leaves on human red blood cells were demonstrated
by Thakur et al. (2020). According to Elmasry and
Moawad (2021), Morus nigra was found to have a
considerable protective effect against liver damage
generated by carbon tetrachloride by lowering the
levels of pro-inflammatory cytokines such as TNF-o
and interferon-y. Another study reported that Morus
nigra leaves suppressed inflammation by activating
peroxisome proliferator-activating receptor (PPAR) in
lipopolysaccharide-induced murine macrophage cells
(Carneiro et al. 2022). In contrast to these studies,
Padilha et al. (2010) claimed that the compounds such
as betulinic acid, B-sitosterol, and germanicol present
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in Morus nigra leaves are responsible for the anti-
inflammatory activity. Chronic degenerative diseases
like cancer, diabetes, and cardiovascular disease can
be effectively prevented by inhibiting pro-inflamma-
tory cytokines. Consequently, a list of Morus nigra’s
effects on these illnesses is also provided below.

Antidiabetic effect

Diabetes mellitus (DM) is a metabolic disorder
marked by dysregulation of blood glucose levels. It
is a pathological condition associated to the generation
of insulin from the pancreatic beta cells, its release via
exocytosis, and its usage by attaching to its receptor in
numerous cells (American Diabetes Association
(ADA), 2020). Insulin resistance, also known as the
inability of insulin to connect to its receptor, is another
factor contributing to its symptoms, although it can
also arise from insufficient or absent insulin output as a
result of beta cell injury (Lawrence 2021). These two
disorders have a variety of causes, but oxidative
damage and increased release of proinflammatory
cytokines are most likely to be involved (Amir-
shahrokhi and Zohouri 2021). Oxidative stress and
proinflammatory cytokine levels rise concurrently
with noncompliance with clinical diet and medication
therapy in individuals with diabetes. Nowadays, the
rise in obesity brought on by altered eating patterns
and environmental factors also raises the prevalence of
DM (Ruze et al. 2023). In the presence of obesity, high
secretion of adipokines such as resistin, chemerin,
visfatin, and TNF-o and IL-6 from adipose tissue and
low levels of adipokines such as adiponectin and
omentin have been associated with DM (Kwon and
Pessin 2013). Because of their antioxidant and anti-
inflammatory properties, secondary metabolites dis-
covered in the seeds, branches, leaves, and fruits of
Morus nigra may provide protection against the onset
of obesity and diabetes mellitus.

The effects of Morus nigra on blood glucose
regulation have been studied for years. In the past ten
years, research has concentrated on extracts made
using various methods from Morus nigra leaves. A
study found that an extract of Morus nigra leaves at a
dose of 500 mg/kg improved DM by inhibiting
oxidative stress (Araujo et al. 2015). Y. Liu and Yang
(2015) investigated the effects of several leaf portions
of Morus nigra on mice given a high-fat, high-glucose
diet caused by streptozotocin. It was observed that the

aqueous extract groups of Morus nigra had suppres-
sive actions on the insulin resistance index, lipids, and
fasting blood sugar of mice with type 2 DM. 200 mg/
kg and 400 mg/kg Morus nigra leaf extract were found
to improve pro-oxidant status and hyperglycemia in
similar study (Junior et al. 2017). Serum insulin levels
were found to be significantly higher in the total
phenolic and total flavonoid extracts from Morus nigra
leaves administered to male albino rats by Hago et al.
(2021) at two different doses (250 mg/kg and 500 mg/
kg) for four weeks. Hexane fractions of Morus nigra
leaves (400 mg/kg) have been shown to be useful in
avoiding postprandial hyperglycemia and fasting
blood glucose levels for 21 days (Silva et al. 2021).
Tang et al. (2022) administered streptozotocin-in-
duced diabetic rats 100 mg/kg and 200 mg/kg of
extracted Morus nigra branches for a period of four
weeks. By inducing the release of p-AMPK, p-PKC,
and GLUT-4, both dosages were found to have
antihyperglycemic effects at the conclusion of the
study. Even so, 1-Deoxynojirimycin was the primary
factor in blood sugar management in a trial on diabetic
patients where the antidiabetic benefits of Morus nigra
were documented (Momeni et al. 2022). Similarly,
nigranol A and B isolated from Morus nigra branches,
as well as sanggenone, nigrasin C and A have been
reported to have a blood sugar lowering effect by
inhibiting the a-glucosidase enzyme (Xu et al. 2020).
Nigragenon isolated from Morus nigra branches also
has insulin sensitizing effects (Wang et al. 2022a, b, ¢).
Additionally, Ren et al. (2022) shown that by lowering
levels of proinflammatory cytokines TNF-o and IL-6,
Morus nigra enhances insulin sensitivity.

It is obvious that the secondary metabolites that are
isolated from the branches, leaves, and fruits of Morus
nigra are primarily responsible for the plant’s antidi-
abetic properties. Despite the fact that diabetes
mellitus mostly results from insufficient or insufficient
insulin secretion, research have demonstrated that
Morus nigra has antidiabetic benefits through a variety
of metabolic pathways because of the many processes
involved in the disease’s pathogenesis. Because fruit
contains fructose and glucose, it is not a very effective
means of regulating blood sugar. Furthermore, the
levels at which antidiabetic benefits are demonstrated
are higher than the daily allowance for fruit consump-
tion. Furthermore, a study has demonstrated that leaf
extracts from Morus nigra can raise blood sugar levels
(Hemati et al. 2010).
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Antihyperlipidemic effect and cardiovascular
diseases

The most significant risk factor for cardiovascular
diseases, which rank among the world’s top chronic
disease-related causes of mortality, is hyperlipidemia
(Nelson 2013). Atherosclerosis is the initial phase in
the process that leads to cardiovascular diseases.
Endothelial dysfunction is brought on by low-density
lipoprotein (LDL) oxidation and its accumulation in
the vessel wall during endogenous lipid transport. The
atherosclerotic process is initiated by the migration of
oxidized LDL to the intima, the release of proinflam-
matory cytokines, and the development of foam cells
(Jebari-Benslaiman et al. 2022). Therefore, avoiding
the development of atherosclerosis requires inhibiting
de novo cholesterol synthesis, reducing dietary choles-
terol consumption, and raising overall antioxidant
capacity. Because Morus nigra has a high capacity for
antioxidants, it protects against LDL oxidation.
Sukandar et al. (2016) found a significant reduction
in triglyceride, LDL cholesterol, and total cholesterol
levels throughout the study after giving ethanolic
extracts of Morus nigra leaves (200 mg/kg) to rats
induced with 10 mg/kg and propylthiouracil and
200 mg/kg cholesterol in addition to a high-fat diet
for 30 days for 21 days. In streptozotocin-induced
rats, the hexane fraction of Morus nigra leaves
(400 mg/kg) was also shown to lower total cholesterol
levels; this effect was linked to an increase in insulin
sensitivity (Silva et al. 2021). In a different study, rats
given 300 mg/kg of an extract from Morus nigra
leaves were given Triton-X-100, and the results
showed a significant reduction in the levels of
triglycerides, LDL cholesterol, and total cholesterol
(Singh et al. 2023). In another study, the antihyper-
lipidemic effects of Morus nigra leaves were reported
to be related to the regulation of PPAR-7y target genes
and the inhibition of endogenous cholesterol synthesis
by flavonoids (Khawani et al. 2023). Morus nigra
leave extracts suppressed the development of
atherosclerosis in atherosclerotic rats by regulating
abnormal lipid metabolism, enhancing anti-oxidative
activities, and reducing arterial atherosclerotic lesions
which could be attributed to anthocyanins or the
cooperative action of anthocyanins, polyphenols, and
flavonoids (Jiang et al. 2017). According to Chaudhry
et al. (2021), Morus nigra shows that possesses
antihypertensive  activity ~ with  concentration-
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dependent vaso-relaxant effect predominantly medi-
ated through endothelial-independent calcium channel
blocking pathways accompanied by partial involve-
ment of endothelium-dependent Nitric Oxide Syn-
thase (NOS) mediated relaxation. Also, Morus nigra
fruit polyphenols have been shown to modulate gut
microbiota and their metabolites and reduce the
incidence of cardiovascular disease (Igbal et al.
2022). In addition, it has been documented that in
C57BL/6 J mice given a high-fat diet, dried Morus
alba fruits at doses of 100 mg/kg and 300 mg/kg
lower the risk factors linked to dyslipidemia, avoid
weight gain, hepatic and visceral fat accumulation,
and shield against myocardial infarction by enhancing
cardiac hypertrophy and vascular fibrosis (Chaiwong
et al. 2021). The fact that anthocyanins were linked to
this impact raises the possibility that Morus nigra has a
comparable effect.

Organ protective effect

DNA damage is caused by various factors such as
elevated caspase activity from drugs, toxins, and
inflammatory cytokines, high concentration of free
fatty acids in the cell, endoplasmic reticulum stress
from alcohol consumption, and oxidative stress from
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) released from cell metabolism. Fibro-
genesis and tissue-organ damage are brought on by the
induction of necroptosis and apoptosis following DNA
degradation (Ghorbani and Hooshmand 2021). By
lowering the amount of free fatty acids, blocking
intracellular signaling pathways, and suppressing
oxidative stress, the body’s antioxidant enzyme
capacity, such as SOD, catalase, and peroxidase, as
well as the presence of dietary antioxidant flavonols,
phenolic compounds, and anthocyanins have a pro-
tective effect against DNA damage in the cell (Gulcin
2020; Khoo et al. 2017). Morus nigra seeds, branches,
leaves and fruits rich in phenolic compounds and
anthocyanins show high antioxidant activity and are
effective in reducing the level of plasma free fatty
acids. Therefore, Morus nigra has hepatoprotective,
cardioprotective, nephroprotective, neuroprotective,
renal-protective and gastro-protective effects (Lim
and Choi 2019).

In a study conducted on Wistar rats, it was said that
Morus nigra fruits extracted with 80% methanol had a
protective effect against liver lipid peroxidation
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thanks to their antioxidant molecules (Aydin et al.
2015). After CCl4-induced hepatotoxicity in rats for
eight weeks, Deniz et al. (2018) administered
150-300 mg/kg of Morus nigra extract and found
that the extract stopped oxidation of proteins brought
on by CCl4. Furthermore, the groups who received
Morus nigra showed a decrease in the levels of vy
glutamyl transferase (GGT) and aspartate amino
transferase (AST), as well as an increase in glutathione
peroxidase activity and SOD. In a similar study,
150-400 mg/kg Morus nigra leaf extract was applied
to male albino rats that developed toxicity with
Chlorpyrifos and it was stated that it was a safe
detoxification agent against organophosphorus intox-
ication (Seufi et al. 2019). Moreover, Majid et al. (2020)
employed 350 mg/kg Morus nigra extract for four
weeks to protect rats from Diazinon-induced hepato-
toxicity, and they observed normal liver morphology
along with a noteworthy drop in AST and ALT enzyme
levels. Diab et al. (2020) showed the protective effect of
Morus nigra extracts at doses of 150, 300 and 500 mg/
kg against paracetamol-induced testicular, liver and
kidney toxicity. According to another study, via regu-
lating inflammatory cytokines, Morus nigra extracts
given at doses of 500-1000 mg/kg for six weeks
prevented hemochromatosis caused by iron overload
(Figueredo et al. 2022). In a recent study, Fadil et al.
(2023) reported the palliative effect of Morus nigra leaf
ethanolic extracts (400 mg/kg) on hepatic CYP2EI and
caspase-3 immuno-expression and paracetamol-in-
duced oxidative damage in male rats.

Yigitaslan et al. (2020) reported that Morus nigra
extracts increased SOD and glutathione peroxidase
activity in rats with 5-Fluorouracil-induced gastroin-
testinal mucositis and were protective against mucosi-
tis. Magsood et al. (2022) applied 300 mg/kg Morus
nigra fruit extracts to Sprague Dawley rats that
developed hypertension due to verapamil and smoking
for 2 months and reported an increase in HDL
cholesterol levels, a decrease in serum lipid profile,
liver transaminase enzymes and lactate dehydroge-
nase enzyme levels at the end of the study. In
histopathological examination, mild normalization of
cardiac myocytes with central nuclei, branching and
cross-striations was detected. According to Chaudhry
et al. (2021), endothelium-independent calcium chan-
nel blockade pathways were primarily responsible for
the antihypertensive activity of the aqueous fraction of
Morus nigra (100-300 mg/kg), while endothelium-

independent NOS-mediated relaxation also played a
role. Akay et al. (2024) reported that fructose induced
advanced glycation end product development in
pBR322 DNA, causing oxidative damage, and that
Morus nigra extracts had a protective effect against
DNA damage by scavenging free radicals. According
to Yildiz-Giilay and Giilay (2023), male New Zealand
white rabbits’ spermatological parameters are pro-
tected by Morus nigra fruits. In a different study, the
protective effects of flavonoids from Morus nigra leaf
extract were observed for intestinal microbiota distur-
bance, inflammatory response, and liver oxidative
stress in Monopterus albus caused by excessive
carbohydrate intake (Shi et al. 2022). In addition, the
neuroprotective (Casedas et al. 2024; Dalmagro et al.
2017; Turgut et al. 2016), nephroprotective (Has-
sanalilou et al. 2017; Rahimi-Madiseh et al. 2016)
effects of Morus nigra and its positive effects on the
female reproductive system (Cavalcante et al. 2018;
de Queiroz et al. 2012) have been demonstrated in
recent studies.

Antibacterial and antifungal effect

Interest in antibacterial chemicals derived from nat-
ural sources has grown recently as a result of gram-
positive and gram-negative bacteria being resistant to
antibiotics. Antibacterial properties can be found in
secondary metabolites derived from the fruits,
branches, leaves, and seeds of Morus nigra. A
summary of research findings from the past ten years
is provided in Table 5.

In vitro fermentation features

The positive health effects of secondary metabolites
found in the seeds, branches, leaves and fruits of
Morus nigra have been shown in many studies (Liu
et al. 2021; Khawani et al. 2023; Khadivi et al. 2024).
Morus nigra extracts, especially those with antioxi-
dant, anti-inflammatory and antimicrobial effects, are
used in traditional and modern medicine. However,
these metabolites, which have unstable structures such
as anthocyanidins, lose their properties in the gut
(Vidana Gamage et al. 2022). Encapsulation tech-
niques and fermentation applications are frequently
preferred methods to give anthocyanins stability
(Cheng et al. 2023). Fermented foods have a high
consumer preference because they contain beneficial
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lactic acid bacteria and probiotics with health benefits.
There are studies showing that the bioavailability of
secondary metabolites increases as a result of fermen-
tation. For example; Chew et al. 2022) reported that
effect of Morus alba leaf extract fortification and
probiotic fermentation on the bioactivities of cottage
cheese, and recommended that Morus alba leaf extract
fortification with L. plantarum TAR4 fermentation
was the best approach to improve nutrition value. Ai
et al. (2022) investigated the structural characteriza-
tion and in vitro fermentation patterns of polysaccha-
rides found in Morus nigra fruit. The change dynamics
during in vitro fermentation showed that water
extracts of Morus nigra fruit could be degraded and
consumed by human fecal microbiota, and also
showed different degrees of fermentability. Water
extracts of Morus nigra fruit stimulated the growth of
Bacteroidetes and Firmicutes, inhibited the growth of
Fusobacteria and Proteobacteria, and induced the
production of short-chain fatty acids (SCFAs).
Another study, it was shown that Morus nigra fruit
juices fermented with different lactobacillus strains
and B. animalis positively affected the antioxidant
effects (Mingshan et al. 2022). In the similar study, it
was reported that lactic acid fermentation of Morus
nigra fruits significantly increased total phenolics,
total flavonoids and antioxidant capacities (Wang
et al. 2022a, b, c). Current study, the effects of
enzymatic treatments (pectinase, pectin lyase and
cellulase) on the in vitro digestive and fermentation
properties of juice obtained from Morus nigra were
investigated. The results revealed that enzymatic
treatments enhanced the solubilization of carbohy-
drates from Morus nigra fruits, with pectinase show-
ing the most significant effect. Throughout the process
of in vitro digestion, there was a gradual increase in the
percentage of solubilized carbohydrates from the
mulberry juice substrate (Luo et al. 2024).

Other health effects of Morus nigra

Morus nigra secondary metabolites come to the fore
with their antioxidant, anti-inflammatory, and antibac-
terial effects, as well as anticancer, antinociceptive (Ali
et al. 2023; Ribeiro et al. 2019), antidiarrheal (Akhlaq
et al. 2016), anti-melanogenic (de Freitas et al. 2016),
anti-Parkinson (Siddique et al. 2023), anti-depressant-
like (Merida et al. 2024), anticonvulsant (Zehra et al.
2021), discoloration in dental composites (Celik et al.
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2023) and protective effects against Alzheimer’s
disease (Casedas et al. 2024). According to Turan
etal. (2017), extracts of Morus nigra fruit with dimethyl
sulfoxide stopped PC-3 cells’ cell cycle in the G1 phase
and caused apoptosis by raising caspase activity and
lowering mitochondrial membrane potential. Zoofishan
et al. (2018) emphasized that morusin, the major
component found in Morus nigra roots, has strong
antitumor properties. Kul and Tiiziin (2023) reported
the protective effect of Benzothiazole and Ethyllinole-
nate found in Morus nigra extract against prostate
cancer proteins. Almutairi et al. (2023) showed anti-
cancer effects of dried Morus nigra leaf extract on
human breast adenocarcinoma cell lines, human hep-
atoma, human colorectal carcinoma and human umbil-
ical vein endothelial cells. Gao et al. (2024) reported
that Morus nigra leaf powders increased the levels of
lactobacillus and turicibacter, suppressed the levels of
bacteroides, maintained gastrointestinal stability, and
prevented the development of hepatocellular carcinoma
by suppressing oxidative damage in liver cells. In a
similar study, potential effects were shown on the
human colorectal adenocarcinoma cell line HT-29 and
the human breast cancer cell line (MCF-7) (Ahmed
et al. 2016; Cakiroglu et al. 2017).

Pharmacokinetics and drug interactions
of metabolites of Morus nigra

Pharmacokinetics refers to the entire process of a
secondary metabolite’s absorption, distribution, meta-
bolism, and excretion after entering the body (Donovan
etal. 2006). Secondary metabolites and drugs taken into
the body by enteral or parenteral routes may interact
due to similar chemical structures. This situation is
generally called herbal-drug interaction. This interac-
tion can be summarized in general terms as follows.
Some of the secondary metabolites and drugs taken into
the body by enteral routes undergo pre-systemic
elimination. Moreover, carrier proteins such as p-gly-
coprotein (P-Gp) and organic anion transporting
polypeptide (OATP) are involved in the uptake of
these compounds into cells and their clearance from
cells. While secondary metabolites and drugs taken
orally are taken into enterocytes with OATP in the
gastrointestinal system, they are metabolized by the
cytochrome P 450 (CYP450) enzyme family, which is
also found here. P-Gp plays a role in the removal of
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some of the secondary metabolites and drugs and the
waste products (drug metabolites) released as a result of
metabolism from the body. Drugs and secondary
metabolites that enter the body parenterally or after
pre-systemic elimination are transported to extrahepatic
tissues in the bloodstream either free or attached to
carrier proteins like albumin. CYP450 is involved in
Phase I reactions, which metabolize secondary metabo-
lites, while conjugation with conjugation agents is
involved in Phase II reactions, which metabolize
medications that are taken into the body. Drugs and
their metabolized secondary metabolites are eliminated
from the body through the kidney, skin, or lungs in the
case of volatile chemicals (Hedaya 2012). Due to the
formation of insoluble compounds between secondary
metabolites and drugs, their competitive competition
during the absorption and excretion stages, the activa-
tion or inactivation of CYP450 enzymes, their binding
affinity to carrier proteins, and changes in their free
concentrations in the blood, the therapeutic effects of
secondary metabolites and drugs may be lost, reduced,
or toxic effects may occur.

In pharmacokinetic investigations, flavonoids, the
primary secondary metabolites of Morus nigra, have
received the greatest attention. Once microorganisms in
the gastrointestinal lumen hydrolyze flavonoid glyco-
sides like rutin and isoquercitrin, glycone is produced
(Manach and Donovan 2004). After absorption, flavo-
noids are metabolized in the liver and small intestine’s
epithelial cells via first-pass phase II metabolism. In
plasma, methyl, glucuronate, and sulfate group conju-
gated types of metabolites are the most common forms
(He et al. 2013). Although the biotransformation of
anthocyanins is not fully understood, maximum plasma
concentrations have been reported to be 1-100 mmol/L
(Ghorbani and Hooshmand 2021). Kim et al. (2006)
reported that Morus nigra fruit juice inhibits the activity
of CYP450 3A, which is involved in the metabolism of
many drugs such as antibiotics, antiarrhythmics, ben-
zodiazepines in the liver. In a similar study, it was
reported that flavonoids such as quercetin and rutin
found in Morus alba leaves inhibit P-Gp and CYP 3A4
(Hsu et al. 2013).

Toxicity of Morus nigra

While secondary metabolites from Morus nigra’s
roots, branches, leaves, and fruits may be helpful to the

human body, there’s some risk that high dosages could
be toxic. When taken as fruit, risks are unlikely to
happen, but when taken as a nutraceutical in large
dosages, there is a greater chance of adverse effects.
Da et al. (2011) reported that 2000 mg/kg intraperi-
toneal and 5000 mg/kg oral Morus nigra leaf extracts
did not cause mortality and had no toxic effects. Souza
et al. (2017) reported that Morus nigra leaf extracts
(50 pg/mL) did not show cytotoxic effects on ovarian,
brain and colon tumor cells. Oral administration of
500-1000 mg/kg Morus nigra leaf extracts for
28 days did not result in any harmful consequences,
according to Figueredo et al. (2018). Yilmaz et al.
(2019) reported that Morus nigra fruit juice did not
cause genotoxicity in human lymphocytes and was
protective against genomic changes caused by mito-
mycin C. However, in one study, a significant increase
in serum AST and ALT levels was reported in normal
and diabetic mice given 100 mg/kg Morus nigra leaf
extract twice daily for 42 days (Hemati et al. 2010). A
90-day sub-chronic toxicity study of Morus alba
extracts reported a NOAEL value of 4200 mg/kg,
corresponding to 1058.5 mg/kg anthocyanin equiva-
lents. (Hong et al. 2021). However, Fauzi et al. (2024)
reported that there was moderate hepatocellular
necrosis and an increase in AST/ALT enzyme levels
at doses of 250-1000 mg/kg, and 125 mg/kg of Morus
nigra leaf extract was the dose that did not cause any
side effects. It is estimated that the toxic effects are due
to kaempferol and chlorogenic acid. Sood et al. (2024)
reported that 2000 mg/kg of orally taken Morus alba
fruit extracts is the maximum safe dose. Although
these studies were not conducted on Morus nigra, the
presence of secondary metabolites in Morus nigra
indicates the risk of toxic effects. Since the factors that
may cause toxicity originate from secondary metabo-
lites and secondary metabolites are found in different
proportions in Morus species collected from different
climatic regions, more studies on safe intake levels
and toxicity are needed.

Conclusions

One of the three most prevalent species in the Morus
genus of the Moraceae family is Morus nigra. Its
ability to withstand a variety of weather conditions
makes it easy to cultivate in many parts of the world.
Since ancient times, seeds, branches, leaves and fruits
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of Morus nigra has been utilized in traditional
medicine because of its abundant primary and sec-
ondary metabolites. Although Morus nigra is rich in
nutritional composition, only its fruit is included in the
diet. Extracts of its seeds, branches and leaves are
consumed as nutraceuticals. Because of its rich in
anthocyanins, which give Morus nigra its color, it
possesses potent antibacterial, anti-inflammatory, and
antioxidant properties. In addition, Morus nigra, rich
in other secondary metabolites such as phenolic
compounds and organic acids, stands out with its
health effects such as antioxidant, antimicrobial, anti-
inflammatory, organ-protective, and antidiabetic, anti-
hyperlipidemic. Owing to these benefits, it is utilized
as a nutraceutical in the management and avoidance of
numerous degenerative chronic illnesses. Studies
conducted in the last decade have shown that it also
has positive effects on neurological diseases. Since
Morus nigra fruit contains high levels of simple sugars
such as fructose, it is not possible to obtain the positive
health effects of Morus nigra by consuming its fruit.
Exceeding the daily fruit portions required in the
diet also causes the simple sugar intake recommended
in the diet to be exceeded. Therefore, in order to obtain
the positive health effects of Morus nigra, it should be
taken as a nutraceutical rather than consumed as a
fruit. At the same time, there aren’t enough research
demonstrating its harmful consequences in addition to
these possible health concerns. Research demonstrat-
ing the usefulness of secondary metabolites in the
management of novel and diverse diseases, as well as
indicating appropriate dosages for consumption, are
critical to maintaining long-term health conditions and
preserving the Morus nigra plant for next generations.
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