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Abstract

Mulberry is a fast-growing deciduous tree that belongs to the Moraceae family. Mulberry fruits are used
in traditional medicine for several years and are known for their ability to improve human health.
Mulberry fruits are well-known around the world for their strong flavor, which makes them appropriate
for consumption either fresh or as an ingredient in value-added goods and for culinary purposes Mulberry
fruit, in addition to having a high nutritional value, has several bioactive phytochemicals that may be
related with some potential pharmacological effects including anti-cholesterol, anti-diabetic,
antioxidative, and anti-obesity effects. Mulberry fruits are difficult to preserve due to their high water
content. To improve mulberry fruit consumption and availability, effective processing processes to keep
mulberry fruit fresh must be selected. The most extensively utilized physical methods of fruit
preservation are based on temperature-related processes. Methods based on temperature reduction, such
as chilling and freezing, as well as those based on a significant increase in temperatures, such as
sterilization and pasteurization, are widely used. This review highlights the effect of different
preservation methods on the phytochemical profile and pharmacological potential of the mulberry fruit.

Keywords: Morus spp., pharmacological, anti-oxidant, anti-hyperlipidemia, vacuum drying, vacuum
freeze drying

Introduction

Mulberry is a traditional herb that has been used in medicine for decades due to its chemical
composition and pharmacological properties (Sharma et al., 2020) [“8l. Mulberry (Morus spp.)
belongs to the genus Morus of the Moraceae family and can be found in a wide range of
climatic and environmental conditions, from tropical to temperate (Zhang et al., 2018) %], The
genus is widely dispersed in Asia, Europe, South, and North America, as well as in hilly areas
of the Himalayas. There are 24 species of Morus with 100 known varieties (Zhang and Ma,
2018) 4, Morus alba (white mulberry), Morus nigra (black mulberry), and Morus rubra (red
mulberry) are the three most commonly found species of genus Morus. One of the most
common applications for the plant is to raise silkworms, which eat the leaves as their primary
source of food (Sarkhel et al., 2020) 1. Mulberry is known in India as “KalpaVruksha”
because all parts of the plant are utilized for different purposes, and its fruit is known as toot
and shahtoot (King’s or “superior” mulberry) (Jan et al., 2021) 71, The fruit can be used
directly or in processed product forms, such as juices, syrups, liquors, molasses, jams, wines,
and soft beverages (Rohela et al., 2020) 61, Mulberry fruits are known for their ability to
improve human health. The Indian ayurveda system of medicine has long used extracts from
this plant to treat a variety of illnesses and promote human health (Ghosh et al., 2017) [*5],
Mulberry fruits are appetizing with a sweet flavor to a tangy-sweet flavor and low in calories
(Ma et al., 2020) 21, Mulberry fruits are highly perishable, containing 75-80% water, which
causes them to undergo progressive changes and spoilage caused by microbes, moulds, insects,
or naturally occurring enzymes. Dried fruits are a good substitute for fresh fruits since they last
a long time and make seasonal fruits available all year long (Teng and Lee, 2014) 54,
Drying/dehydration have proven to be a cost effective technique to reduce nutrient losses and
microbiological development, extending the shelf life of fruits. However, bioactive compounds
like anthocyanin and its antioxidant properties in fruits and vegetables can be altered and often
damage during processing (Anonymous, 2018). Drying has become more sophiscated and
complex in recent years due to the extensive use of technology and thorough examination and
optimization of drying parameters at each stage of the process (Kozlowska et al., 2021).
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Botanical Description

Mulberry is a fast-growing deciduous or medium-sized
woody perennial plant that grows up to 10-15 meters tall
(Wani et al., 2017) B°, The plant has a deep root system.
Generally, the plants are dioecious. The fruits have an
elliptical cylindrical shape with a length of 1-3 cm. There are
several tiny achenes on the surfaces. Flowering lasts
approximately 4-5 months, while the fruiting lasts about 6-7
months. Generally, the harvesting season lasts from April till
June and the best growing temperature is between 24 and 28
°C (Ma et al., 2020) °. The color of the fruit change from
green to red and purple while maturation (Li et al., 2020) [2°1,
The leaves come in a variety of shapes, and sizes, but are
usually lobed and are 5 to 7.5 cm long and 6 to 10 cm wide.
The leaves have a glossy texture. The color of the flower is
yellowish-green. The inflorescence is always auxiliary.
Female spikes are ovoid and stalked, whereas male spikes are
cylindrical and broad (Acharya et al., 2022) [, Male flowers
are loosely grouped, and the inflorescence dries and falls off
after spilling pollen. The female inflorescence is usually short,
with compactly placed flowers. Spikes on males are often
longer than those on females (Jan et al., 2021) [*7],

Fig 1: Morus alba, Morus nigra, Morus rubra

Production and consumption scenario at the global level
and national level

Mulberry is widely grown in eastern, western, and
southeastern Asia, southern Europe, southern North America,
and parts of Africa. Mulberry tree commercialization for fruit
has just been considered in the last two decades (Ukav, 2018)
1571, The fruit of East Asian white mulberry- a species that has
become widely naturalized in eastern North American urban
area has a distinct flavor that is sometimes described as
refreshing and acidic, with a hint of gumminess (Anonymous,
2017). Mulberry is also commonly seen in China as a paste
known as sangshengao. This paste is dissolved in warm water
to make a tea that boosts kidney and liver function while also
improving vision and hearing (Memete et al., 2022) [32,
Mulberries are used to make jellies, sweets, and sauces in
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Persian culture. Iranians use dehydrated mulberries to sweeten
black tea (Rahman and Islam, 2021) 3. Mulberry syrup and
processed mulberry products are commonly consumed in
Vietnam (Trung et al., 2018) 5%, Mulberry wine is a popular
women beverage in Europe (Nazim et al., 2017) 34,

Mulberry cultivation is practiced in almost every state in
India. Mulberry cultivation is primarily found in the tropical
(Karnataka, Andhra Pradesh, and Tamil Nadu) and sub-
tropical (West Bengal, Himachal Pradesh, and the North-
Eastern) zones of India, as well as some temperate regions
(Sarkhel et al., 2020) 71, Morus indica is probably the most
widely cultivated Morus species. Morus alba, popularly
known as white mulberry, is a second popular mulberry
species. In Himachal Pradesh, Punjab, and Kashmir, this
species grows abundantly. Maharashtra and Rajasthan have
white mulberries as well (Anonymous, 2014). Mulberries are
rarely found in markets, despite their seasonal availability,
due to their extreme perishability. However, because of
industrial applications that increase the flavor and odor of the
fruit, it is consumed in processed forms such as jam, jelly,
wine, and juice (Yuan and Zhao, 2017) [621. Fruits are used to
make juice and jam making in central India. The fruits of
Morus alba are made into juice, liquor, and stews. In
Mabharashtra, the fruits of the Morus indica are used to make
jam, jelly, and juice.

Nutritional composition of mulberry fruits

Mulberry fruits are known for their high nutritional value,
which makes them beneficial for human health. For a fruit,
mulberries are rich in fiber, protein and have a significant
amount of potassium, calcium, iron, magnesium, and several
other trace minerals (Mandal, 2020) B%. Mulberry fruit
contains nearly all of the essential amino acids required by
humans such as valine, tyrosine, phenylalanine, tryptophan,
methionine, isoleucine, leucine, lysine, cysteine, histidine, and
threonine (Jiang and Nie, 2015) [*81. Linoleic acid, an essential
polyunsaturated fatty acid present in mulberry fruits, is the
main fatty acid and plays a vital function in human
development, health promotion, and illness prevention (Lee et
al., 2014) 4. Mulberries are high in vitamin C, vitamin A,
and B vitamins (Paunovi¢ et al., 2020) 71, The major sugar
present in the fruit is glucose, and the major organic acid is
malic acid (Eyduran et al., 2015) 41,

Polysaccharides, the main active components of mulberry
resources, have been shown to have bioactivities such as
antioxidant activity, hypoglycemic activity,
immunomodulation, and anti-obesity (Rohela et al., 2020) (6],
The major active compounds of the mulberry plant are
phenols, which are abundant micronutrients in the human diet
(Wen et al., 2019) €0, These phenols include resveratrol,
oxyresveratrol, chlorogenic acid, mulberroside, moracin, and
maclurin (Ramappa et al., 2020) [l Flavonoids are
chemically polyphenolic secondary metabolic chemicals that
are found across the green plant kingdom. Kaempferol, rutin,
quercetin, and catechins are the typical flavonoid chemicals
found in mulberry (Rodrigues et al., 2019) [, Anthocyanins,
type of flavonoid polyphenols that occur naturally and are
responsible for the color of mulberry fruit. Mulberry fruit
contains the main anthocyanins cyanidin-3-O-glucoside
(C3G), cyanidin-3-O-rutinoside (CsR), and pelargonidin-3-
glucoside (P3G) (Mandal et al., 2020; Hao et al., 2022) [30. 161,
Anthocyanins have been shown to have antioxidant, anti-
inflammatory, and anti-cancer activity, as well as the ability
to improve chronic disorders (Natic et al., 2015) 331,
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Table 1: Major functional compounds and their functional activities

Functional ingredients Functionality References
Polysaccharides Antioxidant, anti-_diabetic, a}nti-inflammatory, anti-apoptotic, | Liuand Lin, 2014; Chen et al.,
immunostimulatory effect 2018 [28.8]
Phenols (resveratrol, oxyresveratrol, and Antibacterial, antioxidant, anti-browning, anti-inflammatory, |Turanetal., 2017; Zhang et al.,
chlorogenic acid) neuroprotective, anti-hyperlipidemic 2017 [56.65]
Anthocyanins (cyanidin-3-O-glucoside and Antioxidant, anticancer, anti-inflammatory, anti-diabetic, Chen et al., 2016; de Rosas et
cyanidin-3-O-rutinoside) neuroprotective activity al., 2019 [6.12
Flavonoids (Kaempferol, rutin, quercetin, and Anti-allergic, antithrombotic, anti-immobility, antiviral, Ramesh et al., 2014; Manzoor et
catechins) hepatoprotective activity al., 2022 [44.31]

Pharmacological properties of mulberry fruits
Antioxidative potential

Oxidative stress is defined as an imbalance between free
radicals and antioxidants that favors radicals. A high quantity
of free radicals causes many metabolic changes in organisms,
and is a major contributor to a wide range of diseases such as
diabetes, atherosclerosis, cardiovascular and neurological
diseases, and cancer (Memete et al., 2022) 2, The presence
of a diverse range of phytochemicals accounts for the
antioxidative capability of the mulberry plant. Mulberries are
also high in anthocyanin constituents, which have remarkable
antioxidant properties (Eyduran et al., 2015) 1 as well as
anti-inflammatory, antimicrobial, anti-obesity, anti-diabetic,
anti-hyperlipidemic, antihypertensive, cardio protective
(reduced risk of coronary heart disease and stroke), and
anticancer properties (Lee et al., 2017) 1. Another study
found that both mulberry extract and mulberry anthocyanin
extract scavenge free radicals, prevent the oxidation of low-
density lipoprotein, and lower the atherosclerosis caused on
by macrophages (Hao et al., 2022) [16],

Resveratrol lowers reactive oxygen species (ROS) levels by
inhibiting lipid peroxidation. Mulberry fruits have the highest
resveratrol concentration and antioxidant activity when
compared to Jamun (Syzygium cumini), and Jackfruit
(Artocarpus heterophyllus) (Shrikanta et al. 2015) [,
Mulberry fruits contain several flavonoids and polyphenols
which are associated with antioxidative potential with higher
scavenging activity against free radicals such as 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2-azino-bis (3-
ethylbenzothiazoline-6-sulfonic  acid), hydroxyls, and
superoxide anion radicals (Mandal, 2020; Lim and Choi,
2019) B30 271,

Anti-hyperglycemic property

Diabetes mellitus (DM) is a chronic metabolic condition
characterized by hyperglycemia and abnormalities in
carbohydrate, protein, and lipid metabolism (Rodrigues et al.,
2019) 151, Morus species are known for the treatment and
prevention of diabetes due to their hypoglycemic activity,
which raises AMPK (adenosine monophosphate-activated
protein kinase) and GLUT 4 (glucose transporter protein 4)
levels in the plasma membrane (Choi et al., 2016) [,
Mulberry fruit polysaccharides (MFPs) have been shown in
studies to dramatically reduce glycosylated serum protein
(GSP) and fasting blood glucose (FBG) levels in
hyperglycemic rats. It was discovered that MEPSs can increase
the level of insulin, which enhances the cells’ insulin
sensitivity (Chen et al., 2017) [,

Treatment with an ethanolic extract of Morus nigra resulted in
lower levels of fasting and postprandial glycaemia, as well as
enhanced oral glucose tolerance and decreased lipolysis and
proteolysis in diabetic rats induced by aloxane (Junior et al.,

2017) 29, Another study showed that diabetic rats fed with
two different fractions of mulberry fruit polysaccharides
(MFP50 and MFP90) for seven weeks had a significant
decrease in fasting glucose, fasting serum insulin, triglyceride,
and oral glucose tolerance test-area under the curve (Jiao et
al. 2017) B9 The anti-diabetic activity of mulberry
anthocyanins was studied in rats. The findings of the study
revealed a drop in fasting blood glucose, cholesterol, and
triglyceride levels, as well as an increase in adiponectin
levels. This suggests that mulberry fruits have
antihyperglycemic and anti-hyperlipidemic properties (Yan et
al., 2016) (64,

Anti-hyperlipidemic activity

Obesity is described as an excessive fat accumulation that
poses health risks (Manzoor et al., 2022) %, Obesity has been
associated to diabetes, hypercholesterolemia, hyperlipidemia,
hepatic steatosis, and atherosclerosis, and a decrease in the
quantity of sugar absorbed has an effect on body weight
(Rahman and Islam, 2021) [, The effect of mulberry fruit
intake on lipid profiles in hypercholesterolemic patients (aged
30- 60 years) was investigated. The levels of TC and LDL
cholesterol were significantly lower compared to the control
group, demonstrating that mulberry fruits could improve lipid
profiles in hypercholesterolemic patients (Sirikanchanarod et
al. 2016) 51,

Anthocyanin extracts from mulberries inhibited fat buildup
caused by oleic acid. Triglyceride synthesis-related proteins
and cholesterol biosynthesis-related proteins were decreased,
whereas free fatty acid-related proteins were increased,
showing that mulberry fruit anthocyanin extracts regulated
lipid biosynthesis and lipolysis to produce hypolipidemic
effects (Li et al., 2020) 281, There was additional evidence that
moracin C in mulberry fruit inhibits proprotein convertase
subtilisin-kexin type 9 (PCSK9) mRNA transcription and
hence decreases LDL receptor degradation, thereby lowering
cholesterol levels (Pel et al., 2017) (9,

Anti-inflammatory activity

Mulberry plants have a long history of being used as anti-
inflammatory medicines in traditional medicine. Numerous
researches have shown that black mulberry is high in
polyphenols, flavonoids, and anthocyanins, which are
responsible for anti-inflammatory activity (Chen et al. 2016)
(61, Anthocyanin found in the fruits of Morus nigra, has been
shown to have anti-inflammatory properties by reducing pro-
inflammatory cytokine production in mice (Acharya et al.,
2022) M, Cyanidin-3-glucoside (C3 G) is an anthocyanin
found in mulberry fruits that is responsible for altering many
hematological parameters in animal systems, including
reducing inflammatory response blood triglycerides, and
high-density lipoprotein cholesterol (Ramappa et al., 2020)
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Extracts of Morus nigra pulps and leaves improved survival
rates and reduced the number of total leukocytes in
bronchoalveloar lavage fluid in lipopolysaccharide (LPS)-
induced septic mice, showing a reduction in inflammatory
infiltration in the lungs (de Péadua Lucio et al., 2018) 4,
Flavonoids and other similar chemicals extracted from Morus
alba had anti-inflammatory properties. Mulberry has been
shown to inhibit the secretion of nitric oxide (NO),
prostaglandin E2 (PGE2), other inflammatory factors, and the
expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) in a dose-dependent manner,
which may be related to the high resveratrol content in
mulberry (Zhu et al., 2017) [¢71,

Anti-cancer activity

Cancer is a major public health issue all over the world.
Clinically, the mulberry plant can inhibit cell proliferation,
most likely due to the presence of flavonoids, which are
particularly effective against some types of cancer (Jan et al.,
2021) 1. Many naturally occurring compounds have anti-
cancer effects through tumor cell apoptosis and cell cycle
arrest, which is regarded to be the best strategy to avoid
abnormal cell growth (Dewanjee et al., 2017) I%1. The
medicinal value of the mulberry plant has been known to
people from the beginning of time. Morus nigra fruits, leaves,
and bark antioxidant compounds have been demonstrated to
have anticancer effects in addition to other benefits (Memete
etal., 2022) ¥,

Anthocyanins contained in M. nigra fruits, such as cyanidin
and pelarginidine, have been shown to inhibit cancer cell
viability and suppress tumour development (Khalifa et al.,
2018) 211, Mulberry fruit hydroxynamic acid derivatives have
been demonstrated to promote reactive oxygen species
generation by acting as prooxidants, thereby damaging cancer
cells (Cho et al., 2017) 1. The phenolic component of MFE
ethyl acetate extract inhibited tumor growth by 70-80% with
S-phase cell cycle arrest (Alam et al., 2016) 21,

Effect of different preservation methods on phytochemical
profile of mulberry fruits

Drying

Drying is the process of removing water from solid and liquid
goods using heat, resulting in solid-dried products (Calin-
Sanchez et al., 2020) . Mulberry fruit has a high moisture
level, hence it is considered highly perishable. This fruit is
dried for consumption as dried fruit or further usage in
industrial products because to its strong potential uses in food
and pharmaceutical applications (Ali et al., 2016) El. Fresh
mulberry fruits are dried in the open air and consumed during
the extreme winter season in Asian nations such as Pakistan,
Turkey, Iran, and Uzbekistan. This approach is very ancient
and unhygienic, uncontrolled, and not resistant to bacteria and
pests (Khattak et al., 2019) 4. Drying has become more
sophiscated and complex in recent years due to the extensive
use of technology and thorough examination and optimization
of drying parameters at each stage of the process (Kozlowska
et al., 2021).

More antioxidants were retained in mulberries dried using a
solar air heater, followed by microwave drying, and the least
in open sun drying. Drying techniques have evolved from
traditional natural drying and hot air drying to modern
vacuum drying (VD) and vacuum freeze-drying (VFD) (Tan
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et al., 2021) B3, VD decreases oxidative damage due to the
scarcity of oxygen, although it is time-consuming. The VFD
technique involves sublimating water from a frozen matrix,
which efficiently preserves the majority of the phytochemical
features of fresh fruits (Papoutsis et al., 2017) B8, The best
approach for preserving phenolics, flavonoids, and
antioxidants is hot air drying mulberries at temperatures
below 50 °C. The amount of antioxidants retained in dried
mulberries was only affected by the drying process, with no
significant effects of preservatives or species on antioxidant
retention (Khattak et al., 2019) [?21,

Freeze-drying

It is generally accepted that the storage and processing
conditions have a significant impact on the amount of
biological phytochemicals; mainly carotenoids, phenolic
antioxidants, and vitamin C in fruits and vegetables (Sultana
et al., 2011) B, In terms of functional quality retention,
freeze-drying is one of the most recommended procedures.
Freeze drying involves freezing the water from the raw
material and heating the frozen solid to induce moisture
sublimation (Rahman, 2020; Szychowski et al., 2018) 4252,
Numerous studies also demonstrate that freeze-drying
effectively preserves natural color (i.e. black mulberry). It
inhibits  microbiological deterioration, oxidation, and
increases food shelf life. Freeze-drying improves the
antioxidant potential and total phenolic content of Morus
nigra when compared to fresh fruits (Calin-Séanchez et al.,
2020) . Another benefit of this technique is that there is no
noticeable loss of flavor or aroma. Black mulberry dried with
freeze drying followed by explosion puffing drying, an
intermediate drying method, was shown to have the best color
and hence maintain the highest anthocyanin content (Chen et
al., 2017) 6,

Freezing

Fresh fruit has a very limited shelf life, so either it is
processed right away or frozen (especially black mulberries)
for later use. Freezing is a popular long-term preservation
strategy for fruits, as it retains freshness properties far better
than other conventional preservation methods such as
sterilizing and drying (van der Sman, 2020) 8. Frozen fruits
preserve their physical structure, nutritional value, and
sensory attributes. Frozen fruit pulps are a valuable source of
raw material and bioactive components, and they are widely
used in the food industry to make various fruit-based products
(Orqueda et al., 2021) %1, The levels of antioxidants can be
efficiently stabilized by cool storage, which delays the
activation of the oxidases (Zhao et al., 2017) [661,

Frozen storage (-25 °C) had a substantial effect on the
concentration of phenolic acids in both black and white
mulberry fruits. The phenolic acid contents in frozen fruit
were lower as compared to fresh fruits. The content of
chlorogenic acid in both black and white mulberry fruit also
fell considerably during the first three months of frozen
storage (Pérez-Lamela et al., 2021) (1, The number of certain
flavonoids in black and white mulberry fruits at frozen
storage (25 °C) was determined. The levels of black mulberry
were dramatically reduced after frozen storage; however, no
significant changes were detected for white mulberry
(Pehluvan et al. 2015) 8, Regardless of storage duration,
frozen storage resulted in considerable decreases in rutin
content in black mulberries.
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Conclusion

Mulberry is one of the most studied plants in terms of
pharmacological potential. Over the years, research has
revealed the presence of a number of active components in it.
The current study focuses on antioxidants, polyphenols, and
other  phytochemicals that have anti-cancer, anti-
inflammatory, anti-obesity, hypolipidemic, anti-diabetic, anti-
microbial properties. The study also shows the effect of
preservation methods on anthocyanins, phenols, and other
phytochemicals. As mulberry fruits are only available in fresh
form for a short time, thus they are best stored at low
temperatures, occasionally dried, and processed into various
goods to keep optimum nutrient content. The most
extensively utilized physical methods of fruit preservation are
based on temperature-related processes. Drying, VD, VFD,
and freezing are some of the methods used to preserve
mulberry fruits. All techniques have advantages and
disadvantages, but the most important for a technique is to
reduce cost, be eco-friendly, and ensure high quality dried
products from a functional, physical, and sensory viewpoint.

References

1. Acharya R, Bagchi T, Gangopadhyay D. Mulberry as a
Valuable Resource for Food and Pharmaceutical
Industries: A Review. Medicinal Plants, 2022.

2. Alam AK, Hossain AS, Khan MA, Kabir SR, Reza MA,
Rahman MM, et al. The Antioxidative Fraction of White
Mulberry Induces Apoptosis through Regulation of p53
and  NFkB in EAC Cells. PloS one.
2016;11(12):e0167536.

3. Ali M, Durrani Y, Ayub M. Effect of drying techniques
and storage on mulberry (Morus alba) quality. Sarhad
Journal of Agriculture. 2016;32(2):80-88.

4. Calin-Sanchez A, Lipan L, Cano-Lamadrid M,
Kharaghani A, Masztalerz K, Carbonell-Barrachina AA,
et al. Comparison of traditional and novel drying
techniques and its effect on quality of fruits, vegetables
and aromatic herbs. Foods (Basel, Switzerland),
2020, 9(9).

5. Chen C, Huang Q, Li C, Fu X. Hypoglycemic effects of a
Fructus Mori polysaccharide in vitro and in vivo. Food
Funct. 2017;8:2523-35.

6. ChenH, PuJ, LiuD, YuW, Shao Y, Yang G, et al. Anti-
Inflammatory and  Antinociceptive  Properties  of
Flavonoids from the Fruits of Black Mulberry (Morus
nigra L.). PloS one, 2016, 11(4).

7. Chen Q, Li Z, Bi J, Zhou L, Yi J, Wu X. Effect of hybrid
drying methods on physicochemical, nutritional and
antioxidant properties of dried black mulberry. LWT -
Food Science and Technology. 2017;80:178-184.

8. Chen Z, Du X, Yang Y, Cui X, Zhang Z, Li Y.
Comparative study of chemical composition and active
components against a-glucosidase of various medicinal
parts of Morus alba L. Biomedical Chromatography:
BMC, 2018, 4328-4337.

9. Cho E, Chung EY, Jang HY, Hong OY, Chae HS, Jeong
YJ, et al. Anti-cancer Effect of Cyanidin-3-glucoside
from Mulberry via Caspase-3 Cleavage and DNA
Fragmentation in vitro and in vivo. Anti-cancer agents in
medicinal chemistry. 2017;17(11):1519-1525.

10. Choi KH, Lee HA, Park MH, Han JS. Mulberry (Morus
alba L.) Fruit Extract Containing Anthocyanins Improves

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

~3180 7™

https://www.thepharmajournal.com

Glycemic Control and Insulin Sensitivity via Activation
of AMP-Activated Protein Kinase in Diabetic
C57BL/Ksj-db/db Mice. Journal of medicinal food.
2016;19(8):737-745.

De Padua Lucio K, Rabelo A, Aratjo CM, Branddo GC,
de Souza G, da Silva RG, et al. Anti-Inflammatory and
Antioxidant Properties of Black Mulberry (Morus
nigraL.) in a Model of LPS-Induced Sepsis. Oxidative
medicine and cellular longevity, 2018, 5048031.

De Rosas I, Deis L, Martinez L, Duran M, Malovini E,
Cavagnaro JB. Anthocyanins in nutrition: biochemistry
and health benefits. Psychiatry and Neuroscience. 2019,
143-152.

Dewanjee S, Joardar S, Bhattacharjee N, Dua TK, Das S,
Kalita J, et al. Edible leaf extract of Ipomoea aquatica
Forssk. (Convolvulaceae) attenuates doxorubicin-induced
liver injury via inhibiting oxidative impairment, MAPK
activation and intrinsic pathway of apoptosis. Food and
chemical toxicology: an international journal published
for the British Industrial Biological Research
Association. 2017;105:322-336.

Eyduran SP, Ercisli S, Akin M, Beyhan O, Gecer MK,
Eyduran E, et al. Organic acids, sugars, vitamin C,
antioxidant capacity and phenolic compounds in fruits of
white (Morus alba L.) and black (Morus nigra L.)
mulberry genotypes. Journal of Applied Botany and Food
Quality. 2015;88:134-138.

Ghosh A, Gangopadhyay D, Chowdhury T. Economical
and environmental importance of mulberry: A Review.
International journal of plant and environment.
2017;3(02):067-072.

Hao J, Gao Y, Xue J, Yang Y, Yin J, Wu T, et al.
Phytochemicals, Pharmacological Effects and Molecular
Mechanisms of Mulberry. Foods (Basel, Switzerland).
2022;11(8):1170.

Jan B, Parveen R, Zahiruddin S, Khan MU, Mohapatra S,
Ahmad S. Nutritional constituents of mulberry and their
potential applications in food and pharmaceuticals: A
review. Saudi  journal of  biological  sciences.
2021;28(7):3909-3921.

Jiang Y, Nie WJ. Chemical properties in fruits of
mulberry species from the Xinjiang province of
China. Food chemistry. 2015;174:460-466.

Jiao Y, Wang X, Jiang X, Kong F, Wang S, Yan C.
Antidiabetic effects of Morus alba fruit polysaccharides
on high-fat diet- and streptozotocin-induced type 2

diabetes in rats. Journal of Ethnopharmacology.
2017;199:119-127.
Janior |, Barbosa HM, Carvalho D, Barros RA,

Albuquerque FP, da Silva D, et al. Brazilian Morus
nigra Attenuated Hyperglycemia, Dyslipidemia, and
Prooxidant Status in Alloxan-Induced Diabetic Rats. The
Scientific World Journal, 2017, 5275813.

Khalifa I, Zzhu W, Li K. Polyphenols of Mulberry Fruits
as Multifaceted Compounds: Compositions, Metabolism,
Health Benefits, and Stability-A Structural Review. J
Funct. Foods. 2018;40:28-43

Khattak MK, Hanif M, Khan M, Ramzan M, Abdurab.
Comparison of the drying process and preservatives on
drying kinetics, texture, and antioxidants retention in
mulberry fruits. The Journal of Animal & Plant Sciences.
2019;29(3):803-808.

Koztowska M, Scibisz 1, Przybyt JL, Ziarno M,


https://www.thepharmajournal.com/

The Pharma Innovation Journal

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Zbikowska A, Majewska E. Phenolic Contents and
Antioxidant Activity of Extracts of Selected Fresh and
Dried Herbal Materials. Polish Journal of Food and
Nutrition Sciences, 2021.

Lee JS, Kim YR, Park JM, Ha SJ, Kim YE, Baek NI, et
al. Mulberry fruit extract protects pancreatic [-cells
against hydrogen peroxide-induced apoptosis via
antioxidative activity. Molecules (Basel, Switzerland).
2014;19(7):8904-8915.

Lee YM, Yoon Y, Yoon H, Park HM, Song S, Yeum KJ.
Dietary Anthocyanins against Obesity and Inflammation.
Nutrients, 2017, 9(10).

Li L, Xu Y, Yu Y, Cheng L, Zou B, Li J. Bioactive
components in mulberry fruits and pharmacological
effects. Asian Berries: Health benefits, 2020.

Lim SH, Choi CI. Pharmacological Properties of Morus
nigra L. (Black Mulberry) as A Promising Nutraceutical
Resource. Nutrients. 2019;11(2):437.

Liu CJ, Lin JY. Protective effects of strawberry and
mulberry fruit polysaccharides on inflammation and
apoptosis in murine primary splenocytes. Journal of Food
and Drug Analysis. 2014;22(2):210-2109.

Ma L, Xiao G, Wu J, Wen J, Bu Z, Tang D. Nutritional
Value and Processing Technology of Mulberry Fruit
Products. Asian Berries: Health benefits, 2020.

Mandal AB. Nutraceutical and Medicinal Property of
Mulberry Fruits: A Review on Its Pharmacological
Potential, 2020.

Manzoor MF, Hussain A, Tazeddinova D, Abylgazinova
A, Xu B. Assessing the Nutritional-Value-Based
Therapeutic Potentials and Non-Destructive Approaches
for Mulberry Fruit Assessment: An  Overview.
Computational intelligence and neuroscience, 2022,
6531483.

Memete AR, Timar AV, Vuscan AN, Miere Groza F,
Venter AC, Vicas Sl. Phytochemical Composition of
Different Botanical Parts of Morus Species, Health
Benefits and Application in Food Industry. Plants (Basel,
Switzerland). 2022;11(2):152.

Nati¢ MM, Dabi¢ DC, Papetti A, Fotiric AkSi¢ MM,
Ognjanov V, Ljubojevic M, et al. Analysis and
characterisation of phytochemicals in mulberry (Morus
alba L.) fruits grown in Vojvodina, North Serbia. Food
chemistry. 2015;171:128-136.

Nazim N, Buhroo ZI, Mushtag N, Javid K, Rasool S, Mir
G. Medicinal values of products and by products of
sericulture. Journal of Pharmacognosy and
Phytochemistry. 2017;6:1388-1392.

Orqueda ME, Torres S, Verdn H, Pérez J, Rodriguez F,
Zampini C, et al. Physicochemical, microbiological,
functional and sensory properties of frozen pulp of
orange and orange-red chilto (Solanum betaceum Cav.)
fruits. Scientia Horticulturae. 2021;276:109736.
Papoutsis K, Pristijono P, Golding JB, Stathopoulos C,
Bowyer MC, Scarlett CJ, Vuong QV. Effect of vacuum-
drying, hot air-drying and freeze-drying on polyphenols
and antioxidant capacity of lemon (Citrus limon) pomace
aqueous extracts. International Journal of Food Science
& Technology. 2017;52:880-887.

Paunovi¢ SM, Maskovi¢ P, Milinkovi¢ M. Determination
of Primary Metabolites, Vitamins and Minerals in Black
Mulberry  (Morus nigra) Berries Depending on
Altitude. Erwerbs-Obstbau. 2020;62:355-360.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47,

48.

49.

50.

51.

52.

53.

~3181 7™

https://www.thepharmajournal.com

Pehluvan M, Kaya T, Dogru B, Lara 1. The effect of
frozen storage on the phenolic compounds of Morus
nigra L. (black mulberry) and Morus alba L. (white
mulberry) fruit. Fruits. 2015;70:117-122.

Pel P, Chae HS, Nhoek P, Kim YM, Chin YW. Chemical
Constituents with Proprotein Convertase Subtilisin/Kexin
Type 9 mRNA Expression Inhibitory Activity from Dried
Immature Morus alba Fruits. Journal of agricultural and
food chemistry. 2017;65(26):5316-5321.

Pérez-Lamela C, Franco |, Falqué E. Impact of High-
Pressure Processing on Antioxidant Activity during
Storage of Fruits and Fruit Products: A Review.
Molecules (Basel, Switzerland). 2021;26(17):5265.
Rahman M, Islam S. Studies on Food, Health and
Environmental Perspectives in Mulberry (Morus Spp.) —
A Review. Journal of Bio-Science. 2021;29:163-179.
Rahman MS. Handbook of Food Preservation; Informa
UK Limited: Colchester, UK, 2020.

Ramappa VK, Srivastava D, Singh PK, Kumar U, Kumar
D, Gosipatala SB, et al. Mulberries: A Promising Fruit
for Phytochemicals, Nutraceuticals, and Biological
Activities. International  Journal of Fruit Science.
2020;20:51254-51279.

Ramesh HL, Sivaram V, Murthy VNY. Antioxidant and
medicinal properties of mulberry (Morus sp.): a review.
World journal of pharmaceutical research. 2014;3(6):320-
343.

Rodrigues EL, Marcelino G, Silva GT, Figueiredo PS,
Garcez WS, Corsino J, et al. Nutraceutical and Medicinal
Potential of the Morus Species in Metabolic
Dysfunctions. International journal of molecular sciences.
2019;20(2):301.

Rohela GK, Shukla P, Muttanna Kumar R, Chowdhury
SR. Mulberry (Morus spp.): An ideal plant for
sustainable development, 2020.

Sarkhel S, Manvi D, Ramachandra CT. Nutrition
importance and health benefits of mulberry leaf extract:
A review. J Pharmacogn Phytochem. 2020;9(5):689-695.
Sharma P, Sharma A, Thakur JK, Murali S, Bali K.
Mulberry as a Life Savior - A Review. Journal of
Pharmacognosy and Phytochemistry. 2020;9:2445-2451.
Shrikanta A, Kumar A, Govindaswamy V. Resveratrol
content and antioxidant properties of underutilized
fruits. Journal of food science and technology.
2015;52(1):383-390.

Sirikanchanarod A, Bumrungpert A, Kaewruang W,
Senawong T, Pavadhgul P. The Effect of Mulberry Fruits
Consumption on Lipid Profiles in Hypercholesterolemic
Subjects: A Randomized Controlled Trial. Journal of
pharmacy and nutrition sciences. 2016;6;7-14.

Sultana B, Anwar F, Ashraf M, Saari N. Effect of drying
techniques on the total phenolic contents and antioxidant
activity of selected fruits. Journal of Medicinal Plants
Research. 2011;6:161-167.

Szychowski PJ, Lech K, Sendra-Nadal E, Hernandez F,
Figiel A, Wojdylo A, et al. Kinetics, biocompounds,
antioxidant activity, and sensory attributes of quinces as
affected by drying method. Food  chemistry.
2018;255:157-164.

Tan S, Wang W, Wang X, Li W, Zhao X. Effects of two
drying methods on the stability and antioxidant activity
of phenolic compounds in mulberry fruits. International
Food Research Journal. 2021;28(1):83-90.


https://www.thepharmajournal.com/

The Pharma Innovation Journal

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Teng H, Lee W. Optimization of Drying Conditions for
Quality Semi-dried Mulberry Fruit (Morus alba L.) using
Response Surface Methodology. Current Research on
Agriculture and Life Sciences, 2014.

Trung NQ, Luyen NT, Nam VD, Dat NT. Chemical
Composition and in Vitro Biological Activities of White
Mulberry Syrup during Processing and Storage. Journal
of Food and Nutrition Research. 2018;6(10):660-664.
Turan I, Demir S, Kilinc K, Burnaz NA, Yaman SO,
Akbulut K, et al. Antiproliferative and apoptotic effect
of Morus nigraextract on human prostate cancer
cells. Saudi pharmaceutical journal: SPJ: the official
publication of the Saudi Pharmaceutical Society.
2017;25(2);241-248.

Ukav 1. Mulberry production economy in the district of
Adiyaman. Asian journal of agricultural extension,
economics & sociology. 2018;23(1);1-10.

Van der Sman RG. Impact of Processing Factors on
Quality of Frozen Vegetables and Fruits. Food
Engineering Reviews. 2020;12:399-420.

Wani MY, Mir Baqual MF, Ganie N, Bhat ZS, Ganie
QA. Roles of mulberry tree. The Pharma Innovation
Journal. 2017;6:143-147.

Wen P, Hu T, Linhardt RJ, Liao S, Wu H, Zou Y.
Mulberry: A review of bioactive compounds and
advanced processing technology. Trends in Food Science
& Technology. 2019;83:138-158.

Yan F, Dai G, Zheng X. Mulberry anthocyanin extract
ameliorates insulin resistance by regulating PISK/AKT
pathway in HepG2 cells and db/db mice. The Journal of
nutritional biochemistry. 2016;36:68-80.

Yuan Q, Zhao L. The Mulberry (Morus alba L.) Fruit-A
Review of Characteristic Components and Health
Benefits. Journal of agricultural and food chemistry.
2017;65(48):10383-10394.

Zhang H, Ma ZF. Phytochemical and Pharmacological
Properties of Capparis spinosa as a Medicinal Plant.
Nutrients. 2018°10(2):116.

Zhang H, Ma ZF, Luo X, Li X. Effects of Mulberry Fruit
(Morus alba L.) Consumption on Health Outcomes: A
Mini-Review.  Antioxidants (Basel,  Switzerland).
2018;7(5):69.

Zhang Y, Du W, Zhang X, Zhao H, Wang Y. Antioxidant
activity and the potential for cholesterol-lowering of
phenolic extract of Morus alba, Morus multicaulis, and
Morus laevigata leaves from Yunnan (China). Journal of
Food Biochemistry, 2017, 41.

Zhao G, Zhang R, Zhang M. Effects of high hydrostatic
pressure processing and subsequent storage on phenolic
contents and antioxidant activity in fruit and vegetable
products. International Journal of Food Science and
Technology. 2017;52:3-12.

Zhu CL, Chen M, Wang MH, Shen T, Qiang Q, Wang
XF, et al. In vitro Characterization of the Anti-
inflammatory Effects of Mulberry Extract and the
Molecular Mechanisms. Mod. Food Sci. Technol.
2017;33:61-66.

~3182 7™

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

