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Abstract Author

Mulberry (Morus spp.), a member of Ritwik Acharya
the Moraceae family, is identified as a special Department of Sericulture
plant because of its wide geographic Raiganj University
distribution across continents, its versatility North- Dinajpur, West Bengal, India.
in cultivation, many uses for its leafy foliage, rittik.acharya@gmail.com
and its benefits in safety measures of the
environment like eco-restoration of the
degraded soil, bioremediation of polluted
specific sites, water conservation, soil
erosion prevention, and improvement of air
quality through carbon sequestration. In order
to battle the issue of ongoing environmental
degradation and population expansion,
policymakers and scientists have begun to
pay attention to the further exploitation of
mulberry through the creation of diverse
products in the pharmaceutical, food, and
healthcare industries other than its use as the
feed of Bombyx mori larvae in sericulture. As
mulberry is used in the pharmaceutical and
food industries and in environmental safety
measures, it is appropriate to refer to it as the
plant ideal for sustainable development. All
the crucial mulberry traits were compiled in
this review article in order to evaluate it as
the perfect plant for ensuring a sustainable
future.
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I. INTRODUCTION

Immense population growth, degraded ecosystem, and food resource constraints are
the biggest challenges to deal with in this 21* century. The world was protected and home to
a huge diversity of species before people began to colonise it [1]. Since, the 19th century, as a
result of increasing urbanisation and growth in the human population, large quantities of
hazardous gases, liquid chemicals, and non-biodegradable solid waste have been released into
the environment from our own residences, cars, and businesses [2]. Wastes including plastic,
pesticides, and artificial fertilisers have gotten into the soil and water, reducing the fertility
and in turn, the number and variety of soil microorganisms and decomposers as well as
lowering agricultural production has resulted [3]. Population growth and environmental
degradation ultimately lead to lesser agricultural production and poor crop quality, resulting
in human dietary deficiencies. It is already a severe global concern, especially in regions
where the food is unvarying.

Mulberry is a common and cost-effective woody plant (Genus: Morus; Family:
Moraceae). Mulberry is the most important element of the sericulture industry, which
employs many people in India, Bangladesh, China, Pakistan, and many other nations of Asia
because the monophagous silkworm (Bombyx mori L.) only naturally consumes mulberry leaf
[4]. Its great economic significance outside of sericulture is a result of its many distinctive
and unusual characteristics.

The role of Mulberry in ecological sustainability is now a great point of interest for
scientists across the globe. Many of the tree species are effectively used for phytoremediation
of land contaminated with hazardous chemicals [5]; some are effective at removing
dangerous substances from air and water [6]; some are used for eco-restoration and soil
conservation [7] and some are as only economic crops. It is clear that no single plant or tree
species possesses all the qualities necessary for environmental protection, economic growth,
advancement of human health, or industrial exploitation. However, the mulberry (Morus spp.)
has all these qualities, making it the most advantageous plant in our plant collection for the
purpose of sustainability. Hence, it is referred to as "Kalpa Vriksha" in India due to its many
useful functions since ancient days [8].

Mulberry has massive potential as a food resource and a key component for the
pharmaceutical industry. The Mulberry is now used industrially since every component of it
is used to prepare a variety of items in the food and healthcare industries [9, 10]. Fresh
mulberry fruits are rich in carbohydrates, which can be found as simple sugars, starch,
soluble and insoluble fibres, or both. They contain a lot of water and a few calories. Fruits are
mostly discovered to include iron, vitamin C, a good amount of potassium, vitamin E, and
vitamin K. Alongside that, they contain a lot of plant substances like anthocyanins, which
give them their colour and have beneficial health effects. Fruits can also lower blood
cholesterol levels, enhance blood sugar levels, and help avoid fatty liver disease. Fruits have
been shown to be useful in lowering oxidative stress, which can lower the risk of developing
cancer. Mulberry leaves also possess the same qualities as the fruit. According to recent
research, mulberry leaves have a high concentration of bioactive substances, primarily
alkaloids, flavonoids, -aminobutyric acid (GABA), and phenolic acids [11]. These substances
have antioxidation properties that work well [12, 13], and they also lower blood sugar levels
[14, 15], reduce hypertension [16], stop atherosclerosis [17], and have anti-inflammatory
properties [18]. Mulberry contains bioactive substances such as 1-deoxynojirimycin (DNJ),
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which appears to be a potent -glycosidase inhibitor and has also demonstrated promising
therapeutic potential for reducing several illnesses, particularly type II diabetes [19, 20].
Recent studies also looked into the highly intriguing mulberry tyrosinase inhibitory activity.
The most widely recognised species of the genus Morus in this regard are the red mulberry
(Morus rubra), black mulberry (Morus nigra), and white mulberry (Morus alba) [21].

Mulberry is almost cosmopolitan in its global distribution and it is possible to
cultivate mulberry in different forms of land like mountains, valleys, and plains under rainfed
as well as in irrigated conditions [22] and also in harsh conditions like humid and semi-arid
lands; with varied modes (tree, dwarf, and bush). According to Huang and Wang (2012) [23]
and Qin et al. (2012) [24], it has the greatest impact on environmental protection through the
eco-restoration of degraded lands, bioremediation of polluted sites, air purification through
carbon sequestration, and soil and water conservation through its deeply rooted dense
network of root systems. By virtue of the physiologically active components found in the
leaf, stem, and root sections, mulberries are also recognised as a medicinal plant that can
improve and enhance human life [25, 26].

It is reasonable to refer mulberry as the ideal plant for eco-sociological sustainability

due to its aforementioned qualities. In this article, the significance of mulberries is discussed
in relation to environmental safety, human health promotion, and animal husbandry (Fig. 1).
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Figure 1: Multidimensional utilities of mulberry
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II. MULBERRY IN ENVIRONMENTAL SAFETY

Mulberry nowadays considered as an extremely important plant in eco-restoration and
environmental safety (Fig. 2). Mulberry plants can adapt to environments contaminated with
a variety of soil pollutants like cadmium, lead, and copper [27- 29]. This is due to their salient
features of perennial and woody nature, deep and wide spreading nature of root system, and
high biomass production [30]. Mulberry plants grown in the tree mode are more favourable
for soil and water conservation [31]. Due to its high rate of carbon sequestration, this plant
species is also well-suited for removing atmospheric gaseous carbon pollution [32].

Mulberry plants may flourish in fertile soil that is deep, sandy, or clayey and porous,
as well as in barren soil that is coarse in texture and deficient in nutrients [33]. Mulberry can
endure dry and harsh environmental conditions because of its strong, deep root system, which
creates a highly tangled, dense network of secondary and tertiary roots in any type of soil
[23]. These qualities also made the mulberry plants resistant to wind currents and sand
storms. This made it possible to grow mulberry trees even in waste areas that were heavily
polluted or in areas that were higher up and more exposed to strong wind currents.

Mulberry plant is fast-growing, highly heterozygous, and perennial. It is better suited
for growing in a variety of settings with varying elevations, soil, temperatures, and pH levels.
Because it can withstand floods, droughts, and wind currents, mulberry is thought to be the
best tree species for landscaping in cities. With an annual rainfall range of 600 to 2500 mm, it
can be grown both in irrigated and rain-fed environments. In different land types, including
plain, hilly, valleys, and sloppy places, mulberry can easily be farmed. It can be grown in
cities along highway medians, riverbanks, flood plains, public gardens, field crop edges,
street trees, and in recreation club areas. It can also be grown in public parks and public
gardens [24]. Mulberry plantations can be used for reforestation to achieve a number of
benefits, including the ability to restore soil carbon, maintain soil water holding capacity,
prevent soil erosion during floods and water logging conditions, improve soil nutrients,
nurture soil microflora, improve air quality, and withstand wind currents and sand storms [32,
34, 35]. The intercropping of grass, vegetables, or other cash crops with mulberry plantations
is also possible which results in better eco-restoration [24, 36]. For instance, mulberry
plantations have shown promise in a number of areas, including soil improvement [37], air
quality improvement [32], soil and water conservation [36] and sustaining unfavourable
environmental conditions [38- 39]. They also play a significant economic role (Datta, 2000).
Mulberry is thus recognized as a green afforestation tree species and is frequently chosen as a
plant for afforestation activities throughout the world [40].

Mulberry plants have huge potential to uptake carbon pollutants and heavy metal
pollutants from the soil due to a massive rhizosphere network [41], while mulberry leaves
have a strong ability to absorb air pollutants from the atmosphere like carbon dioxide, carbon
monoxide, hydrogen fluoride, sulfur dioxide, and chlorine [32, 42]. According to Lu and
Jiang (2003) [43], mulberry trees can absorb 5.7 g of sulfur dioxide per kilogram of dried
leaves, and they may also take in significant amounts of sulfur dioxide gas each day.
Mulberry is therefore categorized as a type of tree that is resistant to sulfur dioxide pollution
[24]. Mulberry roots have a specialised architecture with a larger diameter near the stem
followed by rapid shrinking in size; they have a long rope-like structure made up of
secondary and tertiary roots as well as root hairs that allow them to absorb large amounts of
carbon pollutants from the soil [37, 44].
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Mulberry plants grown as trees are said to be better suited for soil and water
conservation [31]. Until now up to 10-20% reduction in runoff during flooding in lands
maintained with mulberry plantations has been noticed [36]. In comparison to slope lands, the
yearly runoff in mulberry plantation sites on plain lands can be decreased by 38% for under-
S5-year-old plants and by 91% for under-10-year-old plants, respectively [31]. According to
studies, soils that have been planted with mulberry plants have a greater potential to retain
water than open ground [33, 42]. When compared to other plant species, the mulberry's deep
and wide-spreading root system has allowed soils to retain and keep water at higher rates.
Mulberry trees are said to have a deep, intricate root structure that increases soil shear
strength and, as a result, the mulberry-planted fields can resist soil- erosion.

The mulberry's deep and extensive root system has a heavy phyto-accumulation
capacity. In an experiment by Hashemi and Tabibian (2018) [38] after adding mercury nitrate
to the soil in three different concentrations (30, 50, and 70 mg/L), two-year-old Morus nigra
saplings were planted there and allowed to develop for eight months. After 8 months it was
noted that mulberry saplings have shown tremendous phytoaccumulation capacity, it was also
noted that the absorption of mercury metal was recorded lesser in leaf and stem portions
whereas, it was significantly higher in root parts.

Figure 2: Various role of mulberry in environmental aspects

III. MULBERRY AS FOOD AND VALUE-ADDED PRODUCTS

Exploration of novel natural food sources has been prompted by rising consumer
demand, but it is important to remember that the food item must fulfil health benefits and
dietary requirements. In this regard, it is clear that mulberry fruits are already well-known
worldwide for their delectable flavour, making them excellent for consumption either in their
natural state or as a component in products with additional value. They can also be used in
cooking. Its strong nutritional value and low-calorie content are helping it gain popularity
among customers in addition to its great taste. There is also a great deal of potential to use
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other mulberry components as a source for processed foods. This has caused mulberry to be
more in demand, even in the food manufacturing industry. The main functions of mulberry as
a food and value-added product are explained in Fig. 3.

The fruit of the mulberry tree can be utilised straight away to make soft drinks and
jam [42]. Because they are packed with vitamins, amino acids, and other minerals including
Zn, Ca, Mn, and Fe as well as pectin and fibrin, fresh mulberry fruits are widely regarded for
their beneficial effects on human health. Mulberry leaf is used to make dhokla, pakoda, tea
and a variety of other delectable delicacies [45]. Mulberries are an excellent resource for the
food business because they are well-liked vegetables with high sugar content. It can be used
to make fruit juice pulp, fruit wine, fruit sauce, fruit powder, bread, cakes, fruit drinks, and
even chocolate. Mulberry fruits can be used to make many kinds of tonics, syrups, wine and
amaretto in fresh, dried, or frozen forms. Oil can also be made from mulberry seed. Mulberry
fruits that are still immature and unripe can be utilised to make chutney [46]. Famous Turkish
dishes "Kome" and "Pestil" are made by combining mulberry, walnuts, honey, and flour [47,
48]. Mulberry juice has been shown to be useful for healthy skin and in the prevention of
throat infection when stored under cold storage for six months to a year [49].

Fruits of M alba used for the preparation of spiced squash and appetizer,

Buckwheat flour, hulls, inulin and chokeberry along with M alba extraction used for the
production of pastry which is rich in fiber and low in calorie.

From dried M migra fruit obtained anthocyanins can be used in chocolate preparation.

Extraction of M nigrahaving hypoglycaemic effect, it reduces the glycemic index is
vastly used to produce pasta

Shelf life of minced meat increased by methanolic extraction of mulberry leaves.

Anthocyanins of M. rudra acts as a coloring agent of strawberry flavored yogurt.

For the isolation and culture of lactic acid forming bacteria M. alba silage is very
important. These bacteria can stabilize the gastrointestinal tract microbial flora.

Mixed fruit jam prepared based on ratios of 70:30 rosella and mulberry fruit extract.

The concentrated amount of M. alba paste used to prepared cupcakes

For the preparation of syrup M. alba fruit used and it can be stored for 6 months under
refrigerated condition.

M alba is exploited to prepare vinegar.

Fruit of M. alba used to produce alecholic beverage and also used as a raw material to
brew fruit wine

Figure 3: Mulberry as food and related value-added products

In China, mulberry paste, also known as "sangshengao," is used to brew tea and has
been found to be useful in enhancing liver and kidney function, vision, and hearing. The
Iranian people love adding dried mulberry fruit as a sweetener to their black tea. Young
mulberry leaves are consumed as vegetables in a few specific places in China [21]. Because it
shields cells from the effects of ageing, fruit powder of mulberry is consumable as an anti-
ageing supplement. Additionally, it lowers cholesterol levels and improves the digestive
system's ability to absorb carbohydrates. Mulberry wine, often known as a "lady's drink" in
Europe, is made from overripe mulberry fruit. The anthocyanin from M. rubra used to colour
yoghurt has no differences from strawberry-flavoured yoghurt [S0]. In pastry M. alba extract
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can be used in addition to chokeberry, buckwheat hulls, buckwheat flour, and inulin [51].
Using mulberry plant methanolic extraction, minced meat's shelf life can be extended [52].
Fruits from M. alba can also be used to make spiced squash and savoury appetisers [53].

IV.MEDICINAL IMPORTANCE OF MULBERRY

Mulberry leaves include amino acids, volatile oils, sugars, rutin, quercetin, vitamins,
and microelements, all of which have a variety of pharmacological effects, including
lowering blood sugar, acting as an antihypertensive, antihyperlipidemic, and bacteriostatic
agent. [54] Different types of mulberry have bioactive substances that can lengthen life.[25].
Scientists have explored the various medicinal utilities of mulberry plants, and they have
reported that many biochemical substances, including hydroxymoricin, albafuran, albanol,
morusin, and kuwanol, which are isolated from mulberry plants, play a significant role in the
pharmaceutical industry.[55-57] The pharmaceutical research and industry have become
interested in the medicinal characteristics of mulberry plants due to their valuable medical
properties. A summary of the medicinal importance of mulberry is explained in Fig. 4.

Every single portion of the mulberry plant including the leaves, fruits, flowers, stems,
bark and roots are utilised in herbal therapy to treat a variety of diseases. There are numerous
names for mulberry herbal supplements, including noni, nhau, mengkudu, hog's apple, wild
pine, caribe, and nono. Each of these titles relates to mulberry tree-derived goods with
comparable advantages and dangers. Mulberries are a great supplier of potassium, which the
body needs to produce the energy required to run cells. Mulberry components may also have
the ability to repair cell damage and boost the immune system [58]. Mulberry plants have
powerful chemical elements that can be used as at-home remedies for a variety of human
illnesses. As scavengers for oxidants present in the body, secondary metabolites such as
phenols, flavonoids, and anthocyanins play a crucial function [59]. A variety of mulberry
products are used to treat a variety of conditions, including oxidative stress, vaginal discharge
or menstrual issues, depression, migraines, sinusitis, throat soreness, urinary tract infections,
cancer, cataracts, hyperglycemia, inflammation, and kidney disorders [60]. Because of its
anti-oxidant properties, mulberry is also used to prevent heart disease, strokes, and to lessen
the effects of ageing. Mulberry can hydrate and encourage the creation of bodily fluid. One
ounce of ripe mulberry fruits can be consumed daily for multiple health benefits. This
product is appropriate for all ages and has a light aroma and sweet flavour.

Drinking mulberry juice helps hydrate the body's fluids and improve eyesight in
someone who suffers from dry eyes and frequently uses their eyes for work. Mulberry plants
are rich in healthy nutrients like vitamins and minerals that can treat chronic digestive tract
disorders, increase gastric juice secretion, enhance assimilation and digestion, increase
appetite, and stop abdominal distention and constipation. Mulberry is especially well suited
for chronic hepatitis, Alzheimer's disease, and gastroenteritis [61, 62].
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Mulberry In Source of Pharmaceuticals
Promotion Of
Human Health

Source of Minerals

Nutritive Values of Mulberry

Ayurvedic System of Medicine

Figure 4. Multipurpose utilities of mulberry related to human health and medicine
V. USE OF MULBERRY IN ANIMAL HUSBANDRY

In modern agriculture concept, an integrated farming system has the potential to
quadruple the income of the farming community. Governmental organizations also advocated
this system. There are numerous models of integrated farming. Most models combine crop
production with the raising of livestock. But as the world's population and industrialisation
grow, so does the requirement of available land for growing green forage to feed cattle is also
increasing. Because they don't require as much maintenance as fodder crops do, such as
regular irrigation and a lot of fertilizer, some tree species are used as an alternative to feed
domestic animals. They can be grown as a border plantation or on any wasteland, hilly
terrain, or river/canal bund. Amongst many of the tree species, mulberry species has proven
as a good source of nutrition as forage to cattle, especially for ruminant animals. Mulberry
plants can be grown as a shrub or a tree and are found in a variety of agroclimatic zones, from
tropical to temperate ones. Since they are the only food supply for silkworms, they are mostly
farmed for silkworm production. In India, China, and Korea, domestic animals were given its
residual leaves and branches in addition to using it to raise silkworms [63] (Fig. 5). In
general, mulberry leaves have high digestibility and are a good source of protein, carbs, and
minerals. Young mulberry leaves have biochemical contents of 20-23% crude protein, 8—10%
total sugar, and 12—-18% minerals [64, 65]. The age and season of the mulberry leaf may
affect this. In addition to its nutritional value, its availability in the majority of nations makes
it a popular choice for dairy cattle as green fodder. In poorer nations, grasses and cereal
straws are frequently utilized as animal feed. However, these animal feeds do not provide
well-balanced dietary supplements. For a healthy diet, these meals occasionally include green
grasses as a supplement. The production of green grasses is nevertheless constrained by a
lack of available land resources. Mulberry leaves in particular, as well as other cereal straws,
provide a sufficient supplement as a result. Mulberry leaves are an excellent animal feed,
especially for dairy cattle and monogastric animals due to their high digestibility and
palatability [65]. Lamb development rate was increased when mulberry leaves were
supplemented with ammoniated rice straw [66]. Similarly, adding mulberry leaves to the meal
improved the body weight of sheep by up to 3.44% [67]. Mulberry leaves have been used as
animal feed in numerous nations, including France, Italy, and Latin America]. Many
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researches revealed the use of mulberry leaves as animal feed in many nations, including
France, Italy, and Latin America [68, 69]. Highly digestible and palatable mulberry leaves
can also increase milk production in dairy animals. After 60 days of feeding mulberry leaves,
the protein content of both cow and goat milk increased to 36.75%, while the carbohydrate
content was 56.46% and 59.26%, respectively. After feeding mulberry leaves for 60 days, the
lipid content of cow milk increased by 4.5%, and that of goat milk by 4.9% [65]. Similar
findings were made by Datta et al. (2002) [70], who discovered that mulberry feeding
increased milk output and milk fat content in cows. When the mulberry leaf was partially
substituted for commercial concentrate when feeding growing pigs and rabbits, the economic
benefits, including a decrease in the cost of commercial feeding, were also noted [64, 71].
When mulberry leaves were given to poultry birds as feed, numerous studies reported
improved yolk colour, an increase in beta-carotene, and an increase in vitamin K [72, 73].
When mulberry leaf and Trichantera gigantea leaves were used as a protein source in a diet
along with other energy sources like rice bran, molasses, and cassava root meal,
improvements in growth and reproductive performance were noted in animals. This was in
contrast to a diet consisting of commercial concentrates and grasses [74].

Fodder

Feed Supplement

Poultry Feed

Meat Producction

Immune Booster

Enhanced and Quality Milk Production

Figure 5: Utility of mulberry in animal husbandry
VI. CONCLUSION

Mulberry plays a significant role in environmental cleanup through bioremediation
and carbon sequestration. The results, should provoke the appropriate authorities to
recommend this plant species for plantation drives across cities and urban areas (as it can be
grown all over the world) along the roadsides and in social forestry for increasing the green
cover and reducing pollution. Mulberry trees should potentially be used to address ecological
challenges because ecological safety and sustainable development are currently significant
elements of global security. Mulberry is a versatile plant with many uses in the food and
medicinal industries. Due to its low-calorie content, this plant can be used to create hypo-
caloric dishes as well as be added to other foods as a new component to improve their useful
qualities. Mulberry is successfully used to create a variety of products, including jelly, jam,
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vinegar, wine, tea, squash, syrup, and many other products. This helps businesspeople use the
plant's fruits, leaves, and other parts more effectively. Mulberry is one of the main
components of numerous conventional formulas that are offered all over the world. Recent
studies have shown that Morus spp and its bioactive phytochemicals have significant
biomedical activities, including antioxidants, anti-diabetic, hypolipidemic, anti-obesity,
antihypertensive, and anti-atherosclerosis. An in-depth investigation is still needed for a few
biologically new chemicals found in mulberry plants that have not yet been identified.
History could be written if mulberry were properly studied, explored, and used in the food
and pharmaceutical industries. Simultaneously, more attention should be placed by academics
and businesspeople on the mulberry's potential for widespread use in industries like animal
husbandry, which might result in increased economic opportunity for people.
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