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a b s t r a c t 

Mulberry ( Morus spp.) of Moraceae family is regarded as a unique plant on this earth due to its broader geological 

distribution across the continents; ability to be cultivated in different forms; multiple uses of leaf foliage and its 

positive impact in environmental safety approaches such as ecorestoration of degraded lands, bioremediation 

of polluted sites, conservation of water, prevention of soil erosion and improvement of air quality by carbon 

sequestering. Mulberry is also used as a medicinal plant in improving and enhancing the life of human beings by 

utilizing the biologically active pharmacokinetic compounds found in leaf, stem and root parts. Further industrial 

exploitation of mulberry through preparation of various products in pharmaceutical, food, cosmetic and health 

care industries has gained the attention of industrialists. As mulberry is being exploited by sericulture, pharma- 

ceutical, cosmetic, food and beverage industries along with its utilization in environmental safety approach; it is 

appropriate to call it as a most suitable plant for sustainable development. Through this review paper, all the im- 

portant characteristics of mulberry were put together for considering it as an ideal plant in providing sustainable 

future. 
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. Introduction 

Plants play an important role in keeping the mother nature under

onstant phase by reducing the global warming through uptake of car-

on dioxide from atmosphere and in return produce and release oxygen

nto the environment; which purifies the air and provide life to ani-

als and other organisms. Plants also contribute to soil health; retains

ater in soil sub-surface and cools overheated urban areas through its

vapotranspiration mechanism of water cycle ( Katul and Novick, 2009 ).

cological recycling of minerals from plants back to the nature enables

aintenance of fertility in soil and forests ( Barot et al., 2007 ). Beauty of

lants is that; several species of plants can co-exist together in a place

r unit of area ( Anten, 2005 ) within same environment and with same

esources (air, water, soil nutrients and predatory organisms); leading

o formation of a sustainable ecosystem. 

Before the spread of humans, the earth is protected and has vast

iodiversity with negligible disturbances ( Bowman et al., 2011 ). But,

ight from 19th century; due to rapid urbanization and increased hu-

an population; high amounts of non-degradable solid wastes, 1iquid

hemicals and harmful gases were being released in to nature from our

omestic homes, vehicles and industries ( Zhu et al., 2009 ). Wastes like

lastics, pesticides, chemical fertilizers has found its way into soil and

ater which resulted in reduction of soil fertility leading to decrease in

gricultural productivity and also reduction in number and diversity of

oil microbes and decomposers ( Hussein and Mona, 2018 ). 
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By the above mentioned activities in the name of economic growth,

uman beings have disturbed the balance of earth and nature leading

o natural calamities like rise in global temperatures, floods, loss of bio-

iversity, soil erosion, poor air quality with decreased oxygen density

 Perera, 2017 ). The consequence of human activities over last two cen-

uries has led to the raise of global issues of the present day such as:

limate change, greenhouse effect, protection and safety of environment, de-

letion of natural energy resources and sustainable environment for future

eneration ( Owusu and Samuel, 2016 ) . All these issues have raised the

oncern about the protection of ‘ Mother Nature’ and strategies needed

o overcome these ecological disturbances; in providing a sustainable

nvironment for the future generations. 

Mother nature can operate on its own to overcome these disturbance

r interventions caused by the mankind, provided the damage caused

s minimum or less than the threshold level ( Dai et al., 2009 ). Plants

lay a major role in keeping the environment in a balanced way and

mong the plants; tree species has most significant role as they can ab-

orb or utilize more quantity of environmental pollutants from air, wa-

er and soil ( Ghosh et al., 2017 ). Along with the role of environmental

afety, plants also contribute to economic generation, promotion of hu-

an health through the active biological compounds present in leaf,

ark, root and stem regions ( Chen et al., 2016 ). 

Among the tree species, some are efficiently used for phytomere-

iation of soil contaminated with pesticides, chemical fertilizers or

eavy metals ( Hashemi and Tabibian, 2018 ); some species are effi-

iently used in removal of hazardous substances from air and water
20 
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Fig. 1. Role of mulberry as a multipurpose 

plant. 
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 Raskin and Ensley, 2000 ); some are used for ecorestoration and soil

onservation ( Shi et al., 2005 ); some species are being used in economy

eneration and other species are exploited for the promotion of human

ealth ( Del et al., 2013 ). From the above mentioned points, it was evi-

ent that all the characteristics of environmental safety, economy gen-

ration, promotion of human health and industrial exploitation are not

resent in a single type of plant or tree species, but mulberry ( Morus

pp.), has all these characteristics to be considered it as the most ben-

ficial plant of our plant for the sustainable development, as discussed

elow. 

Mulberry ( Morus spp.) is a fast growing, deciduous woody tree

pecies of Moraceae family with perennial nature and origin in Hi-

alayan foot hills of India and China ( Soo-ho et al., 1990 ; Vijayan, 2010 ;

han et al., 2013 ; Yuan and Zhao, 2017 ; Rohela et al., 2020 ). Mul-

erry is widely recognized for its economic importance in producing

he mori silk through feeding of leaf to silkworm ( Bombyx mori ) lar-

ae ( Vijayan et al., 1998 , 2004 ). Mulberry leaf foliage is also used as

eeding material for domesticated animals ( Datta et al., 2002 ). From

enturies, mulberry was known as a plant used for silk production

nd feeding domesticated animals, but its ecological significance is ne-

lected. Now in recent years, this plant species is well regarded as

 multipurpose plant due to recognition of its role in environmen-

al safety approach, as a medicinal plant and its industrial exploita-

ion across various sectors ( Fig. 1 ). Further mulberry has been re-

arded as a unique plant on this earth due to its wider distribution

cross the globe with better adaptability under diversified climates,

oil conditions and in altitudes of sea level to 4000 m above mean sea

evel ( Ercisli and Orhan, 2007 ; Khan et al., 2013 ; Sarkar et al., 2017 ).

ide distribution of mulberry across the continents under diversified

onditions indicates its better adaptability to varied environmental
onditions. p
It can be cultivated in different forms of land i.e. mountains,

lains and valleys under rain fed as well as irrigated conditions

 Srivastava et al., 2003 ) and also in harsh conditions of humid and

emi-arid lands; with varied modes (bush, dwarf and tree) of cultiva-

ion ( Fig. 2 ). It has highest impact in protection of the environment

hrough ecorestoration of degraded lands, bioremediation of polluted

ites, air purification through carbon sequestration and conservation of

oil and water through its deeply rooted dense network of rooting system

 Huang and Wang, 2012 ; Qin et al., 2012 ). Mulberry is also recognized

s a medicinal plant in improving and enhancing the life of human be-

ngs by their biologically active ingredients present in leaf, stem and

oot parts ( Venkatesh and Chauhan, 2008 ; Bao et al., 2016 ). As every

art of mulberry is utilized in preparation of various products in phar-

aceutical, food, cosmetic and health care industries, now it is exploited

ndustrially ( Yang et al., 2010a ; Zhang et al., 2018 ). 

Due to all of the above mentioned characteristics, it is appropriate to

all mulberry as an ideal plant for sustainable future. This paper reviews

he importance of mulberry in environmental safety approach, promo-

ion of human health, animal husbandry, economic empowerment and

ts industrial exploitation. 

. Mulberry in environmental safety approach 

In the present era of human dominance, the synthetic or artificial

ompounds of polymeric, aromatic and highly complex nature in the

orm of harmful gaseous, liquid and solid compounds has find its way

o every environmental segment. The entry of harmful xenobiotic com-

ounds in to the environment is mainly due to over intense population

n urban areas which has led to rapid urbanization, industrialization, in-

reased transportation and increased usage of synthetic hazardous com-

ounds in daily life. 
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Fig. 2. Mulberry cultivation under diversified 

climates, soil conditions, land forms and at dif- 

ferent altitudes. 
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Mulberry plant with its salient feature of perennial and woody na-

ure with deep and wide spreading nature of root system ( Vijayan et al.,

000 ) and high biomass production is better suitable and adopted to be

lanted in environments contaminated with diversified soil pollutants

ncluding heavy metals like lead, cadmium and copper ( Peng et al.,

012 ; Jothimani et al., 2013 ; Zhou et al., 2015 ). Mulberry plants in

ree mode of cultivation are better suitable for conservation of water

nd soil ( Du et al., 2001 ). This plant species is also widely suitable for

emoval of gaseous carbon pollutants from the atmosphere through its

igh rate of carbon sequestration process ( Lu et al., 2004 ). Different

oles of mulberry in environmental safety approach is classified and de-

cribed here in separate headings as role of mulberry in ecorestoration,

fforestation, carbon sequestration, soil conservation and bioremediation of

ollutants ( Fig. 3 ). 

.1. Role of mulberry in ecorestoration 

Mulberry plants can grow well in fertile land with deep, sandy or

layey soil with porous nature, but can also grow in barren lands with

oil consisting of coarse type and poor in nutrients ( Han, 2007 ). Mul-

erry with strong and deep root system forms a greatly tangled and

ense network with secondary and tertiary roots in any type of soil,

hich enables it to withstand the dry and unfavorable spells of envi-

onment ( Huang and Wang, 2012 ). These characteristics also allowed

he mulberry plants to withstand the sand storming and wind currents.

his enabled mulberry plants to be cultivated even in barren lands with

ighly contaminated pollutants or in lands present at greater altitudes

r heights which were prone to high wind currents. 

Mulberry also grows well in disturbed lands of water logging condi-

ions, under drought stress, and in salinity conditions ( He et al., 2007 ;

ijayan et al., 2003 , 2011 ; Gao and Han, 2013 ); this is majorly due

o its deeper and wider rooting system and its wider adaptability un-

er arid, semi-arid areas with varied conditions of soil pH ( Dai et al.,
009 ; Su, 1998 ). Mulberry has the ability to grow even under barren

ands with lesser nutrients ( Han, 2007 ) and in adverse environmental

onditions of − 30 °C of chilling temperature to highest temperature of

bove 40 °C ( Zhao, 2009 ). Desert mulberry is an ecotype of mulberry

hich was successfully planted in desert areas of Xinjiang parts of china.

his ecotype enables the mulberry plants to be cultivated in deserted

onditions with minimum levels of irrigation, hence it is recommended

or natural restoration of empty deserted lands and desertificated grass-

ands ( Qin et al., 2012 ). Mulberry plants also utilized and successfully

emonstrated for ecorestoration of salinated lands and stony deserted

reas ( Qin et al., 2012 ). 

.2. Role of mulberry in afforestation 

Mulberry is a fast growing and highly heterozygous plant with peren-

ial nature which is better adapted to be grown in diversified conditions

f varied altitudes, soil, temperature and pH conditions. Mulberry is re-

arded as most suitable tree species for landscaping in urban areas, as

t is resistant against floods, drought and wind currents. It can be cul-

ivated under irrigated as well as rain fed conditions with a range of

00–2500 mm annual rainfall. It can be easily cultivated in different

and forms of plain, hilly, valleys and sloppy areas. In cities, it can be

ultivated along the road sides, along the banks of rivers, along the flood

lains, in public parks, gardens, edges of field crops, as street trees and

n recreation club areas ( Qin et al., 2012 ). 

Afforestation with mulberry plantation will enable the restoration of

oil carbon, maintenance of water holding capacity of soils, preventing

oil erosion during floods and water logging conditions; improvement in

oil nutrients, nurturing of soil micro flora, improvement of air quality

nd can sustain the wind currents and sand storms ( Zhang et al., 1997 ;

u et al., 2004 ; Lin et al., 2008 ). Further mulberry plantation can allow

he intercropping with grass, vegetables or other cash crops ( Shi et al.,
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Fig. 3. Role of mulberry in environmental safety approach. 
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005 ; Qin et al., 2012 ). For instance, mulberry plantation demonstrated

ncouraging results in improving soil conditions ( Farrar, 1995 ), improv-

ng air quality ( Lu et al., 2004 ), conserving soil and water ( Shi et al.,

005 ), sustaining the adverse environmental conditions ( Hashemi and

abibian, 2018 ; Dai et al., 2009 ) with a major role in economy gen-

ration ( Datta, 2000 ). Hence, mulberry is mostly opted as a plant for

fforestation drives across the countries and hence, it is regarded as a

reen afforestation tree species ( Wang et al., 2010 ). 

.3. Role of mulberry in carbon sequestration 

Leaves of mulberry plants has strong absorption ability to absorb

he air pollutants like carbon dioxide, carbon monoxide, hydrogen flu-

ride, sulfur dioxide and chlorine from atmosphere ( Lu et al., 2004 ;

hosh et al., 2017 ) and its roots have high ability to uptake the car-

on pollutants and heavy metal pollutants from the soil ( Olson and

letcher, 1999 ). Mulberry can absorb sulfur dioxide of 5.7 g per kg dry

eaves and mulberry forestry can absorb huge amounts of sulfur diox-

de gas on each day ( Lu and Jiang, 2003 ). Hence mulberry is classified

s a sulfur dioxide pollution resistant tree species ( Qin et al., 2012 ).

ulberry roots are larger in diameter near the stem portion and then

ecreases rapidly in size; a long rope like structure with secondary and

ertiary roots along with root hairs forms a fibrous mat like structure

hich enables them to uptake high concentrations of carbon pollutants

rom the soil ( Bunger and Thomson, 1938 ; Farrar, 1995 ). As aerial parts

an absorb air pollutants and roots can absorb soil pollutants, the mul-

erry plants are regarded as good carbon sink and heavy metal resis-

ance plants. 

According to Ghosh et al., 2017 , one mulberry tree is able to absorb

162 kg of carbon dioxide and release 3064 kg of oxygen each year.

ulberry plants were considered as natural resistance towards chlo-

ine, as their leaves were noticed as undamaged even at higher levels of

hlorine pollution ( Lu et al., 2004 ). These abilities have made mulberry

lant to be used efficiently in bioremediation of air pollutants in urban

reas and phytoremediation of carbon pollutants in contaminated soil

ites around the areas of industries and chemical factories ( Olson and

letcher, 1999 ). As mulberry has the abilities of controlling environ-

ental pollution by improving air quality and remediation of carbon

nd heavy metal pollutants, it was reported as a plant for sustainable

evelopment ( Jian et al., 2012 ). 
.4. Role of mulberry in water & soil conservation 

Availability of ground water, water holding and water retention ca-

acity of different soils has gained lot of importance during the last two

ecades for optimum agricultural productivity and maintenance of eco-

ogical balance under the soil subsurface. Maintenance of ecological bal-

nce under the soil subsurface is vital for the existence of soil microbes,

ecomposers and other beneficiary organisms which plays an important

ole in biogeochemical cycles where nutrients and minerals are recycled

umus and other sources by which soil fertility is maintained. Similarly

rime importance is also given for soil conservation; as soil erosion dur-

ng raining and floods will lead to unfertile soil with disturbance in its

cosystem. 

Mulberry plants in tree mode of cultivation are reported as better

uitable plants for conservation of water and soil ( Du et al., 2001 ). In

ands/soils maintained with mulberry plantation, the reduction in runoff

uring flooding can be up to 10–20% ( Shi et al., 2005 ). The annual

unoff in mulberry plantation sites of plain lands can be reduced by

8% under 5 years old and by 91% under 10 years old bush plantations

espectively in comparison with slope lands ( Du et al., 2001 ). 

The water retention capacity of soils planted with mulberry plants

s reported to be higher than that of the open land ( Han et al., 2007 ;

hosh et al., 2017 ). The deep and wide spreading rooting system of

ulberry has enabled the soils to retain and hold the water in increased

ates in comparison with other plant species. Deep and densely tan-

led network of root system of mulberry is reported to improve the

hear strength of soils and thereby increase the anti-erosion capacity

f lands planted with mulberry. According to the experiments the soil

hear strength was increased from 75.2 kPa to 138.4 kPa in mulberry

elds ( Shi et al., 2005 ). Mulberry was also reported for the production

f root exudates which nurtures and increases the soil micro flora and

auna ( Chen et al., 2006 ). 

.5. Role of mulberry in bioremediation of heavy metals 

Carbon based pollutants like insecticides, fungicides, fumigants, ro-

enticides and weedicides will get degraded slowly in the soil over the

ong durations of 10–50 years i.e. soil microbes utilize these pollutants

s a carbon source and mediate their degradation through the metabolic

ctivities ( Shimp et al., 1993 ), but the rate of remediation is slow and

ime consuming. On the other hand heavy metal pollutants were treated
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s highly toxic and undegradable in nature ( Xu et al., 2015 ). Because,

either soil microbes utilize heavy metals as their metabolites nor do

he plants utilize them as nutrients and minerals. If heavy metals make

heir entry through the water system or by other means into the human

ody it will lead to malfunctioning of organs with severe effects on hu-

an health system ( Nazarian et al., 2016 ) Thus it is highly essential to

revent the heavy metal pollution in soil and water and also there is an

rgent need to remediate these highly harmful and toxic pollutants. 

Among the different strategies adopted for remediation of heavy met-

ls, phytoremediation ( i.e. remediation of pollutants by plants) is con-

idered as the most effective method as it is eco-friendly, cost effective

nd exploiting possibilities in a broad level ( Cunningham et al., 1995 ;

askin and Ensley, 2000 ). Plants have the better ability to uptake the

ater soluble heavy metal pollutants from the soil and then accumulate

t in specialized structures like vacuoles ( Fletcher et al., 1990 ). Plant se-

ection and analysis of contaminated soil sites plays a major role in phy-

oremediation process ( Hegde and Fletcher, 1996 ; Lombi et al., 2001 )

f heavy metals, as climatic conditions should favor the growth of a

lant species being used and level of heavy metal contamination should

lso be pre-determined for effective remediation process ( Houben et al.,

013 ; Hashemi and Tabibian, 2018 ). 

Among the various plant species, tree species are better suited for

hytoremediation of heavy metals from the contaminated soil sites;

ue to its wide spreading nature of root system ( Mattina et al., 2003 ;

ulford and Watson, 2003 ). Among the different tree species, mulberry

ith wider, deeper and better rooting system has greater potential to

emediate heavy metals from the contaminated soils ( Jothimani et al.,

013 ; Zhou et al., 2015 ). Heavy metals like chromium, lead, copper,

ickel, cadmium, zinc, manganese and mercury are being remediated

y using different species of mulberry ( Chen et al., 1999 ; Tewari et al.,

008 ; Ashfaq et al., 2009 , 2012 ; Rafati et al., 2011 ; Shoukat et al., 2014 ;

u et al., 2015 ). 

Hashemi and Tabibian (2018) , studied about the accumulation of

ercury heavy metal in leaf, stem and root parts of Morus nigra. Mer-

ury nitrate in different concentrations (30, 50 and 70 mg/L) were ini-

ially added to the soil, 2 year old saplings of Morus nigra were planted in

reated soil and grown for eight months duration. After eight months the

lant parts were separated and dried in an oven at 70 °C and made it to

ne powder, followed by determination of mercury levels in samples of

very plant part by atomic absorption spectroscopy method. Highest and

owest concentrations (mg/kg) of 55.67 and 22.2 in leaf, 58.00 and 28.6

n stem and 65.00 and 35.3 in root parts were recorded at 70 mg/L and

0 mg/L densities respectively ( Hashemi and Tabibian, 2018 ). The re-

ults clearly indicate that the absorption of mercury metal was recorded

igher in root parts, compared to leaf and stem portions. 

The report of Hashemi and Tabibian (2018) suggests that, even

hough mercury may not be utilized as a nutrient but it gets easily

bsorbed by the roots of mulberry ( Morus nigra ). Hence mulberry can

e recommended for the phytoremediation of mercury contaminated

oils. Overall mulberry was successfully reported for phytoremediation

f soils contaminated with heavy metals like lead, mercury, cadmium,

hromium, nickel, manganese, zinc, copper and cobalt ( Jiang et al.,

017 ). 

. Mulberry in human health 

.1. Role of mulberry in ayurvedic system of medicine 

Plants are the natural sources of biologically active compounds

 Ji et al., 2009 ), which have received increased attention of medici-

al practitioners and pharmaceutical industries across the globe over

he years. Plant derived natural products were being used in prevent-

ng and curing the common diseases of human beings ( Cao et al.,

018 ). Among the different plants, mulberry has been known world-

ide for their biologically active biomolecules like phenols, alkaloids,

erpenoids, amino sugars, stilbenoids etc. ( Iqbal et al., 2012 ; Kiran et al.,
019 ). In India, mulberry is known as ‘Kalpa Vruksha’ as all the parts of

t used in traditional system of ayurvedic medicine ( Datta, 2000 ). It is

ighly recognized as a source of important phytopharmaceuticals, min-

ral ions ( Zhang et al., 2017 ) and other nutritive compounds ( Fig. 4 ).

ence extracts of this plant parts were being used traditionally in Indian

yurvedic system of medicine in curing several health ailments and for

mproving the human health ( Ghosh et al., 2017 ). 

Morus nigra , a wild species of mulberry is being used traditionally

y ayurvedic practitioners to cure rheumatis and arthritis ( Perez et al.,

011 ). In Japan and Korea, mulberry leaves were consumed as an

nti-diabetic medicine by diabetic patients as the leaves possess anti-

iabetic molecules like 1-deoxynojirmycin, isobavachalcone, morachal-

on, fagomine, quercetin etc. ( Wang et al., 2013 ; Kiran et al., 2019 ). In

hina, mulberry leaves have been in use since hundreds of years ago to

reat various diseases like hypertension, hyperglycemia, inflammation,

ever, cough and cancer ( Bown, 1995 ). Similarly, in China the young

hoot tips and young leaf tips were boiled along with tea to control the

lood pressure ( Datta, 2000 ; Qin et al., 2012 ). 

High anthocyanin content and antioxidant activities associated with

hytochemicals present in the berries (mulberry fruits) have made them

ery popular and hence included in the human diet ( Eyduran et al.,

015 ). Berries provide potential health benefits to human beings such as

elay in aging process, protection from cardiovascular diseases, antidi-

betic activity and reduced risk of cancer ( Mnaa et al., 2015 ). Mulberry

ruits were reported to possess high antioxidising nature ( Guo et al.,

003 ), can prevent liver and kidney damage ( Chen et al., 2016 ), improve

yesight ( Yang et al., 2010a ), strengthening the joints ( Shizhen, 2008 ),

reatment of sore throat, reduce blood pressure ( Zhou et al., 2017 ),

reatment of anemia, hypertension ( Ma, 2002 ; Gong and Zhu, 2008 ),

nti-helminthic ( Gungor and Sengul 2008 ), anti-thrombotic ( Yamamoto

t al., 2006 ); anti-inflammatory ( Kim and Park, 2006 ); can prevent for-

ation of premature white hair formation ( Liu et al., 2008 ) in human

eings. 

Dietary fiber of mulberry fruits was reported to decrease lipids in

iver and increases the activity of low density lipoprotein (LDL) recep-

or ( Venkatesan et al., 2003 ), hence consumption of mulberry fruits can

e prescribed for lipid lowering action of hypercholesterolemia patients

 Sirikanchanarod et al., 2016 ) and for reducing the risk of atheroscle-

osis ( Chen et al., 2005 ). In addition consumption of mulberry fruits is

roved beneficial in curing the brain damages like Alzheimer ( Shih et al.,

010 ; Choi et al., 2012 ), Parkinson ( Kim et al., 2010 ; Strathearn et al.,

014 ) and cerebral ischemia ( Kang et al., 2006 ) and this fruit is also

onsumed for anti-aging effects ( Shizhen, 2008 ; Zheng et al., 2014 ),

nti-epileptic and anti-stress activities on human beings ( Nade et al.,

010 ). 

Mulberry fruit is rich in polyphenols like flavones, flavonols, isofla-

anols, stilbenes, lignans, tannins, anthocyanins, catechins ( Liu, 2004 ).

ntake of berry fruits rich in polyphenols is associated with the re-

uced risk of cardiovascular diseases, cancers and neurodegeneration

 Han et al., 2007 ; Del et al., 2013 ). Mulberry fruit extracts was also re-

orted to prevent gastric cancer ( Huang et al., 2011 ). Combination of

eaf and fruit extracts of mulberry was reported for anti-diabetic and

nti-obesity activity ( Lim et al., 2013 ). Mulberry fruit extracts prevent

he olfactory dysfunction and degeneration of dopaminergic neurons

 Gu et al., 2017 ). Polysaccharide components of mulberry fruit were

eported to possess the better preventive effects of inflammation and

poptosis than the polysaccharides of straw berry ( Liu and Lin, 2014 ). 

The mulberry fruit and syrup are also used to treat urine incon-

istency, constipation, dizziness, throat infection, tinnitus, dyspepsia,

elancholia, fever, depression and endemic malaria ( Jain and De Fil-

pps, 1991 ; Shivakumar et al., 1995 ). It is used for balancing internal

ecretions of humans and for enhancing immunity against infections

 Venkatesh and Chauhan, 2008 ). Fruit syrups and recipes were used

gainst insomnia, constipation, premonitory, antiaging and apoplexy

 Singh, 1997 ). Decoctions made from mulberry fruits are well known

n treating severe and critical diseases like kidney asthenia, cerebral
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Fig. 4. Role of mulberry in promotion of 

human health. 
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rteriosclerosis, central retinitis, chronic nephritis and nasopharyngeal

ancer ( Singhal et al., 2010 ). 

In humans, a decreased level of melatonin over the age is associated

ith physiological changes and in turn making a person susceptible to

arious diseases ( Cardinali et al., 2008 ). Mulberry fruits and fruit wine

ith high levels of melatonin are recommended to boost the human

ealth ( Wang et al., 2016 ). Pyrrole alkaloids of mulberry fruits were

eported to possess macrophage activating activity ( Kim et al., 2013 ,

014 ). Kang et al., 2006 has reported about the free radical scavenging

nd inflammation suppression activity of anthocyanin’s present in the

ulberry fruit. 

.2. Nutritive values of mulberry 

Leaf and fruits of mulberry were being consumed from ancient days

y the human beings for its nutritive values such as proteins, carbohy-
rates, lipids, vitamins, minerals, amino acids and organic acids ( Fig. 4 ).

ulberry leaves were used as a source of antioxidant molecules like phe-

ols, flavonoids, flavonols and terpenoids ( Iqbal et al., 2012 ). Leaves

ossess essential polyunsaturated fatty acids linoleic acid & linolenic

cid and essential amino acids (branched side chain possessing amino

cids, aromatic amino acids) needed by the human beings for normal

etabolic activities and growth. Mulberry leaves were also reported to

ossess important minerals such as iron, sodium and calcium which are

equired for the normal growth of humans ( Datta, 2000 ; Sarkar et al.,

018 ). 

Fresh fruits of mulberry possess higher content of pro-

eins (1.44 g/100 g) ( Yuan and Zhao, 2017 ) than strawberries

 Giampieri et al., 2012 ), blue berries ( Kaume et al., 2012 ) and rasp-

erries ( Rao et al., 2010 ). Human beings has to depend on plant and

nimal origin of food for the essential amino acids and essential fatty

cids required by them and mostly plant based food products fulfill
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his requirement, but for this human beings as to consume several

lant products derived from different plant species located/available

t different places. Mulberry is a unique plant, where all the required

ssential nutrients were available in its leaf and fruits. Hence mulberry

as now recognized as a nutritional as well as a medicinal plant from

hich fresh or processed products were consumed on an increased rate

y the human beings for the normal metabolism, growth and promotion

f health ( Xiao et al., 2017 a, 2017 b). 

It was recently reported that mulberry fruit contains almost all the

ssential amino acids (valine, tyrosine, phenylalanine, tryptophan, me-

hionine, isoleucine, leucine, lysine, cysteine, histidine and threonine)

equired by the human beings ( Jiang and Nie, 2015 ). As all the nine es-

ential amino acids were found in fruits of mulberry, it can be consumed

s a high protein food at par with other protein foods such as milk and

sh ( Jiang and Nie, 2015 ). Kusano et al. (2002) has isolated and de-

ermined the structures of six new amino acids viz. morusimic acid A,

orusimic acid B, morusimic acid C, morusimic acid D, morusimic acid

 and morusimic acid F by using spectroscopic methods. 

Mulberry fruit was also reported to possess important minerals of

ron, copper, zinc, potassium, sodium, magnesium, calcium and man-

anese ( Jiang and Nie, 2015 ). Jiang and Nie (2015) also reported about

he presence of organic acids (malic acid, succinic acid, tartaric acid,

cetic acid and citric acid) and fattyacids (myristic acid, palmitic acid,

tearic acid and linoleic acid) in fruits of mulberry. Chinese mulberry

ruits were reported to possess 7.55% of total lipids with 87.5% of un-

aturated fatty acids with highest content of linoleic acid (79.4%) fol-

owed by palmitic acid (8.6%) and oleic acid (7.5%) ( Yang et al., 2010a ).

ruits of Turkish mulberry also reported to possess highest content of

inoleic acid (57.3%) and palmitic acid (22.4%) among the total lipids

 Ercisli and Orhan, 2007 ). The polyunsaturated fatty acids (PUFA) con-

ent is more than monounsaturated (MUFA) and saturated fatty acids

SA) in the mulberry fruit ( Yuan and Zhao, 2017 ). PUFA content is more

n fruits of mulberry (76%) than strawberry (72%) and Ziziphus jujuba

68–72%) ( Giampieri et al., 2012 ; San and Yildirim, 2010 ). It was evi-

ent that Linoleic acid, an essential polyunsaturated fatty acid is found

s predominant fatty acid in mulberry fruits and plays an important role

n development, promotion of health and disease prevention in humans

 Whelan, 2008 ; Le et al., 2013 ; Farvid et al., 2014 ). 

Mulberry fruit possess Vitamin-A ( 𝛽-carotene), Vitamin-B1 (thi-

mine), Vitamin-B2 (riboflavin), Vitamin-B3 (niacin), Vitamin-B6, Fo-

ate, Vitamin-C (ascorbic acid) Vitamin-E ( 𝛼-tocopherol) and Vitamin-K

phylloquinone) ( Yuan and Zhao, 2017 ). Freeze dried mulberry fruit

owder contains dietary fiber, Vitamin-C and Vitamin-E ( Yang et al.,

010a ). Among the different colored fruits of mulberry, red mulberry

as reported to possess higher content of ascorbic acid and 𝛽-carotene

han the purple and purple red mulberry ( Aramwit et al., 2010 ). Mul-

erry fruits also rich in anthocyanin pigments ( Jiang et al., 2013 ), which

an scavenge the free radicals and can inhibit the oxidation of low den-

ity lipoprotein ( Huang et al., 2013 ; Lee et al., 2017 ). 

Naturally occurring sugars and amino sugars of plant origin were

sed as therapeutic agents for the management of several diseases and

etabolic disorders ( Hu et al., 2019 ). Mulberry fruit also possess various

ypes of polysaccharides which play a significant role in physiological

ctivities of human beings ( Zhao et al., 2015 ; Xie et al., 2016 ). Polysac-

harides characterized from mulberry fruits were reported to possess

ioactivities such as antioxidant activity ( Chen et al., 2015 , 2016 ),

ypo glycemic activity ( Chen et al., 2015 , Chen 2016a , Chen 2016b ),

mmunomodulation, anti-obesity ( Lee et al., 2013 ; Choi et al., 2016 a,

016 b), anti-inflammatory and anti-apoptotic activity ( Tian, 2014 ;

iu and Lin, 2014 ). 

.3. As a source of phytopharmaceuticals 

There are several reports about the presence of pharmaceutically im-

ortant phytochemicals in the leaf, root and fruit parts of mulberry

 Kim et al., 1999 ; Phiny et al., 2003 ; Hansawasdi, 2006 ; Li et al.,
009 ; Kojima et al., 2010 ; Naowaratwattana et al., 2010 ; Yang et al.,

010a ; Madhumitha et al., 2012 ; Flaczyk et al., 2013 ). Nazaruk and

luczyk (2015) opined that extracts of mulberry are possessing promis-

ng biochemical compounds required for the development of multi

arget bioactive drugs. Mulberry leaf and fruits were being exploited

or their pharmaceutical compounds like 𝛾-aminobutyric acid, aryl-

enzofuran, carotenoids, coumarins, cyanidin-3-O-beta-D glucopyra-

oside, 1-deoxynojirimycin, ethyl acetate, flavonoids, moran, mora-

olin, polyphenols, pyrrole alkaloids, polyhydroxy alkaloids and vita-

ins ( Sheng-qin and Wu, 2003 ; Kang et al., 2005 ; Singab et al., 2005 ;

allon et al., 2008 ). 

The pharmacological activity of the already isolated compounds

rom leaf and fruit extracts of mulberry ( Table 1 ) has revealed their

ole in improving the human health through their anti-allergic ac-

ion ( Chai et al., 2005 ), anti-aging effects, anti-atherogenic, anti-

acterial, anti-cancer activity ( Zhang et al., 2009 a, b ), anti-hypertensive

 Kojima et al., 2010 ), anti-inflammatory action ( Chatterjee et al.,

983 ), anti-obesity action ( Oh et al., 2010 ), anti-oxidant activity

 Hong et al., 2004 ; Katsube et al., 2006 ), anti-schistosomal activity, anti-

iral activity; cardiovascular protectant, free radical scavenging activ-

ty, hepatoprotective activity, hypoglycaemic activity ( Andallu et al.,

001 ; Andallu and Varadacharyulu, 2002 ), inflammation suppression

 Kang et al., 2006 ), lipid-lowering action ( Li et al., 2005 ; Liu et al.,

009 ), macrophage activating activity ( Kim et al., 2013 ), neuropro-

ective action ( Naowaboot et al., 2009 ), reducing blood pressure, va-

oactive action ( Sakagami et al., 2006 ) and controls skin infections

 Fang et al., 2005 ). Pharmacological activities of already identified phy-

ochemicals of mulberry are summarized in Table 1 . 

. Mulberry in animal husbandry 

Integrated farming system has potential to double the income of

arming community in modern agriculture era. This system was also

romoted by Government agencies. There are many integrated farm-

ng models. Most of the models having raising of livestock along with

rop production. However, increase in global population and industri-

lization; limit the area for producing green fodder to feed the cattle.

herefore, certain tree species become the alternative to fodder crops

o feed the domestic animals as they don’t need much care like regular

rrigation and heavy dose of fertilizer. They can be planted in any waste

and, hilly areas, at river/ canal bund and as border plantation. Out of

any tree species, mulberry species displayed good source of nutrition

s forage to cattle especially for ruminant animals ( Sanchez, 2002 ). 

Mulberry plants are present in varied agro-climatic zone from tropi-

al to temperate conditions and it can be grown as shrub as well as tree.

hey mostly grown for silkworm rearing as they are the only source of

ood to silkworm. In addition to its usage in silkworm rearing, its leftover

eaf and braches were given to domestic animals in India, China and Ko-

ea ( Sujathamma et al., 2013 ) ( Fig. 5 ). In general, mulberry leaves are

ich in protein, carbohydrates, and minerals with high digestibility. The

iochemical compositions of young mulberry leaf are 20–23% of crude

rotein, 8–10% of total sugar and 12–18% of minerals ( Sanchez, 2001 ;

enkatesh et al., 2015 ). This may varies with the season and age of mul-

erry leaf. Besides its nutritional quality, its presence in most countries

akes it popular as green fodder for dairy cattle. 

Cereal straws and grasses are commonly used as animal feed in the

eveloping countries. But, these animal feed do not provide balanced

utritional supplements. Sometimes these feeds are supplemented with

reen grasses for balanced nutrition. However, limitation of land re-

ources restriction the cultivation of green grasses. Therefore, tree leaves

specially mulberry leaves provide sufficient supplement along with oth-

rs cereal straws ( Majumdar et al., 1967a ). The high digestibility and

igh palatability of mulberry leaves make it suitable for animal feed

specially for dairy cattle and monogastric animals ( Venkatesh et al.,

015 ) ( Fig. 5 ). Supplementation of mulberry leaves with ammoniated

ice straw improved the lamb growth rate ( Liu et al., 2000 ). Similarly,
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Table 1 

Pharmacological activities of biochemical compounds isolated from different parts of mulberry. 

# Pharmacological Activity Biochemical Compound Plant Part Species Reference 

1 Anti-Diabetic 2-Arylbenzofuran Root bark Morus alba Singab et al., 2005 

Volatile Glycoside Leaves Morus alba Hunyadi et al., 2014 

Inorganic anions Leaves Morus alba Bazylak et al., 2014 

1-Deoxynojirmycin Leaves, Stem 

bark, Root 

bark 

Morus alba Kiran et al., 2019 

Flavonoids Fruit Morus spp. Xiao et al., 2017 

Anthocyanins Fruits Morus alba . Choi et al., 2016 

Hydrophobic flavonoids Leaves Morus spp. Fallon et al., 2008 

Quercetin Fruits Morus alba . Wang et al., 2013 

Isobavachalcone, Morachalcone Fruits Morus alba . Wang et al., 2013 

Fagomine Leaves Morus alba Kiran et al., 2019 

2 Anti-Atherogenic Quercetin-3-(6- 

malonylglucoside) 

Leaves Morus alba Enkhmaa et al., 2005 

Anthocyanins Fruits Morus spp. Chen et al., 2005 

3 Anti-Hyperlipidemia 1-Deoxynojirmycin Leaves, Stem 

bark, Root 

bark 

Morus alba Chen and Li, 2007 

Moracin-C Leaves, Fruits Morus indica Andallu and 

Varadacharyulu 2002 

Moracin-M Root Bark Morus alba Singab et al., 2005 

Moracin-C Fruits Morus alba Pel et al., 2017 

Flavonoids Leaves Morus spp. Li et al., 2005 

Chlorogenic acid Leaves Morusindica Ana et al., 2017 

4 Anti-Oxidant 1-Deoxynojirmycin Leaves Morus alba Katsube et al., 2006 

Carotenoids and Vitamins A, C 

& E 

Leaves Morus indica Andallu et al., 2009 

Ascorbic Acid Leaves Morus alba Butt et al., 2008 

Kaempferol-3,7- 

glucopyranoside 

Leaves Morus nigra Eva et al., 2015 

Coumaric Acid Leaves Morus nigra Ionica et al., 2017 

Cyanidin-3-O-rutinoside Fruits Morus nigra Senem et al., 2013 

Anthocyanins Fruits Morus rubra Ozgen et al., 2009 

p -hydroxybenzoic acids Leaves & Fruits Morus laevigata Memon et al., 2010 

Anthocyanins Fruits Morus atropurpurea Shih et al., 2010 

2-Arylbenzofuran Leaves Morus alba Yang et al., 2010b 

Ascorbic Acid Fruits Morus nigra Eyduran et al., 2015 

Caffeic Acid Leaves Morus nigra Gundogdu et al., 2017 

Chlorogenic acid & Rutin Fruits Morus alba Natic et al., 2015 

4-O-Caffeoylquinic acid Leaves Morus spp. Ganzon et al., 2017 

Non-anthocyanin phenolics Leaves & Fruits Morus alba Zhang et al., 2009 

Pelargonidin 3- O -glucoside Fruit Juice Morus spp. Chen et al., 2015 

5 Anti-Fungal Albanin Shoots Morus spp. Shirata et al., 1983 

Kuwanon G Root Bark Morus alba Nomura and Fukai, 1980 

Morusin Shoots Morus spp. Takasugi et al., 1979 

Albafuran A & B Shoots Morus spp. Takasugi et al., 1982a 

Albafuran C Shoots Morus spp. Takasugi et al., 1982b 

6 Anti-Cancer 3,8-diprenyl-4,5,7- 

trihydroxyflavone 

Leaves Morus alba Dat et al., 2010 

Lectin Leaves Morus spp. Deepa et al., 2011 

Odisolane Fruits Morus alba Lee et al., 2016 

Anthocyanins Fruits Morus spp. Chen et al., 2016 

5-2 ′ -dihydroxiflavanone-7, 

4 ′ -di-OD-glucose 

Root bark Morus alba Zhang et al., 2009 

Cyanidin 3-rutinoside Fruits Morus spp. Chen et al., 2006 

Prenylated Flavonoid (7, 2 ′ , 

4 ′ ,6 ′ -tetrahydoroxy-6- 

geranylflavanone) 

Root Morus alba Kofujita et al., 2004 

7 Neuroprotective Cyanidin-3-Glucoside Fruits Morus spp. Kang et al., 2006 ; 

Du et al., 2008 

Cyanidin-3-O-beta-D 

glucopyranoside 

Leaves Morus alba Kang et al., 2005 

𝛾-amino butyric acid Leaves Morus alba Kang et al., 2005 

Prenylated arylbenzofuran Fruits Morus alba Seo et al., 2015 

Quercetin Leaves Morus spp. Ansari et al., 2009 

Oxyresveratrol Fruits Morus spp. Chao et al., 2008 

Oxyresveratrol Wood Morus alba Weber et al., 2012 

Anthocyanin’s Fruits Morus alba Kim et al., 2010 

Artoindonesianin O (AIO) Leaves Morus spp. Qiao et al., 2015 

Proanthocyanidins Fruits Morus alba Strathearn et al., 2014 

Mulberroside-A Root Morus alba Wang et al., 2014 

( continued on next page ) 
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Table 1 ( continued ) 

# Pharmacological Activity Biochemical Compound Plant Part Species Reference 

8 Anti-Bacterial Kuwanon G Root Bark Morus alba Park et al., 2003 

Mulberrofuran G Root Bark Morus mongolica Sohn et al., 2004 

Albanol B Root Bark Morus alba Sohn et al., 2004 

9 Anti-Inflammatory Melatonin (N-acetyl-5- 

methoxytryptamine) 

Fruit Morus spp. Wang et al., 2016 

1-Deoxynojirmycin Leaves Morus alba Park et al., 2013 

Mulberroside-A Root Morus alba Wang et al., 2014 

Oxyresveratrol Shoot Morus alba Chen et al., 2013 

10 Vasoactive Action Ethyl Acetate extract Leaves Morus alba Xia et al., 2008 

Morin Leaves Morus spp. Fang et al., 2005 

11 Macrophage Activating Activity Pyrrole Alkaloids Fruits Morus alba Kim et al., 2013 

12 Anti-Hypertensive 1-Deoxynojirmycin Leaves Morus spp. Kojima et al., 2010 

Moracenin A Root Bark Morus spp. Oshima et al., 1983a 

Moracenin B Root Bark Morus spp. Oshima et al., 1983b 

Moracenin C Root Bark Morus spp. Oshima et al., 1980 

Moracenin D Root Bark Morus spp. Oshima et al., 1981 

Mulberrofurans F& G Root Bark Morus lhou Koidz Fukai et al., 1985 

13 Anti-Aging Polyphenols Leaves Morus spp. Zheng et al., 2014 

14 Anti-Fatigue 𝛾-aminobutyric acid Leaves Morus alba Chen et al., 2016c 

15 Anti-Viral Leachianone G Root Bark Morus alba Du et al., 2003 

16 Anxiolytic moralbosteroid - Morus alba Gupta et al., 2013 

17 Promotesincreased synthesis of 

estrogen and progesterone 

Kaempferol-3-O-glucoside Fruits Morus alba Wei et al., 2016 

Fig. 5. Role of mulberry in animal husbandry. 

t  

m  

I  

i  

M

 

m  

w  

s  

t  

t  

a  

e  

d  

D  

i

 

c  

s  

r  

c  

D  

fi  

t  

c  

c  

r  

f

 

w  

t  

m  

c  

s  

p

5

 

f  

o  

(  

m  

u  

c

5

 

p  

w  

c  

i  

M  

o  

i  

p  

n  

a  

b  

e  

s  

c

here is an improvement in sheep body weight of up to 3.44%, when

ulberry leaves was supplemented with feed ( Jayal and Kehar, 1962 ).

n many countries like France, Italy and Latin America, many reports

ndicated the use of mulberry leave as animal feed ( Vezzani, 1938 ;

aymone et al., 1959 ; Armand and Meuret, 1995 ). 

In addition to high digestibility and palatability of mulberry leaf,

ilk production from dairy animal was increased when mulberry leaf

as provided as feed supplement ( Fig. 5 ). Venkatesh et al. (2015) ob-

erved that after 60 days of feeding of mulberry leaves the milk pro-

ein content was enhanced up to 36.75% in both cow and goat whereas

he carbohydrate content in the milk of cow and goat was 56.46%

nd 59.26% respectively. Further the lipid content in cow milk was

nhanced by 4.5% and in goat milk 4.9% were recorded after 60

ays of mulberry leaves feeding ( Venkatesh et al., 2015 ). Similarly,

atta et al. (2002) found that the mulberry feeding resulted in increase

n milk yield and fat content of cow milk. 

The economic benefits including reduction in commercial feeding

ost was also observed, when mulberry leaf to a certain extent was

ubstituted in place of commercial concentrate to the growing pig and

abbit ( Trigueros and Villalta, 1997 ; Sanchez, 2002 ). The reduction of

oncentrate was 17.5 g per day from 110 g per day in case of rabbit.

eshmukh et al. (1993) reported that mulberry leaves can provide suf-

cient nutrition to the growing rabbit. Supplementation of mulberry leaf
o the hen resulted in increase in egg size and improvement in its yolk

olor ( Narayana and Setty, 1977 ). Similar observations like better yolk

olor, increase in beta-carotene and vitamin K was reported by many

esearchers, when mulberry leaves was provided to the poultry birds as

eed ( Tateno et al., 1999a , b and Sudo et al., 2000 ). 

Improvement in growth and reproductive performance was reported

hen diet having mulberry leaf and Trichantera gigantea leaves as pro-

ein source in combination with other energy sources like rice bran,

olasses, and cassava root meal was provided compared to the diet of

ommercial concentrates and grasses ( Le et al., 1996 ). In conclusion, the

tudy clearly shows that mulberry improved the feed quality, growth

erformance, milk yield and better economic return. 

. Mulberry in economic empowerment 

Mulberry plantation generates direct or indirect employment to the

armers. Apart from sericultural practices mulberry is also utilized in

ther sectors for providing employment and in revenue generation

 Fig. 6 ). Other sectors such as animal husbandry, food industries, cos-

etic industries, dyeing industries and pharmaceutical industries are

tilizing the leaf, stem and root parts of mulberry for production of pro-

essed commercial products. 

.1. Livelihood security for small and marginal farmers through sericulture 

The farmers on increasing note are taking up agricultural enter-

rises like dairy, poultry, pigeon, fishery, sericulture, apiculture etc.,

hich are suited to agro-climatic and socioeconomic conditions of spe-

ific areas. Sericulture is an allied sector of agriculture where economy

s being generated among the women and poor people of rural areas.

ulberry leaves are primarily used in sericulture for feeding the larvae

f silkworm ( Bombyx mori L.) and there by producing mori silk. Ser-

cultural practices proved as a subsidiary occupation ideally suited to

oor, marginal and small farmers across the countries of Asian conti-

ent ( Datta, 2000 ). Other countries which are socio-economically and

gro-climatically suitable for sericulture have already planted the mul-

erry plants and started sericulture with the main aim of providing

mployment to rural people. As mulberry is easy to cultivate through

tem cuttings; now this plant species is widely cultivated across the

ontinents. 
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Fig. 6. Role of mulberry in economic empowerment of people. 

5

 

i  

t  

(  

t  

g  

d  

c  

i  

l  

t  

i  

a

 

e  

h  

m  

t  

t  

c  

c  

c  

n

 

g  

o  

S  

t  

t  

c  

2  

p

5

 

c  

Fig. 7. Industrial applications and processed products of mulberry. 
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.2. As a component of integrated farming system 

The integrated system links mulberry cultivation to sericulture, an-

mal husbandry, poultry and fish farming to increase food produc-

ion for human consumption and there by gaining commercial benefits

 Astudillo et al., 2014 ). Integrated farming system with mulberry cul-

ivation can be done, where grass can be cultivated as an intercrop for

enerating feed and fodder for domesticated animals and there by pro-

ucing meat and milk ( Doran et al., 2007 ) . Other routine agricultural

ash crops, vegetable crops and medicinal plants can also be taken as

ntercropping with mulberry for generating additional revenue. Dried

eaves of mulberry can be utilized for mushroom production during au-

umn seasons ( Hugar et al., 2016 ). Dried leaf powder of mulberry leaf

s also utilized as a protein supplement in poultry feedings. Mulberry is

lso utilized as a bioenergy crop in India ( Guha and Reddy, 2013 ). 

The integrated farming system with mulberry; provides meat, milk,

ggs, mushroom, fodder, vegetables etc. Thus, this integrated system

olds great promise and potential for increasing the production of food

aterials, enhancing the rural economy, improving household nutri-

ion and overall helps in employment generation across the rural sec-

ors ( Reddy et al., 2008 ). In India, integrated farming system has a spe-

ial significance, as it can play an important role in improving the so-

ioeconomic status of economically weaker sections of society and rural

ommunities, especially the tribal communities who depends mostly on

atural resources for their livelihood. 

Sericulture linked integrated fish farming systems utilizes the or-

anic waste of rearing in the form of silkworm feces as fish feed. The

rganic waste of 40–50 kg is converted into one kg of fish ( Zhong, 1982 ).

ilkworm pupae are also used as fish feed. Integration of mulberry cul-

ivation, silkworm rearing with fish farming system results into a terres-

ial aquatic ecosystem, where economy is generated at higher rate with

omplete utilization of waste output of silkworm rearing ( Baishya et al.,

004 ). Hence, in integrated sericulture with fish farming system a com-

lete recycling of waste can be achieved ( Astudillo et al., 2015 ). 

.3. By-product utilization in sericulture 

Mulberry leaf was recently recognized for its potential pharmaceuti-

al compounds for anti-diabetic (1-deoxynojirmycin, isobavachalcone,
orachalcone), anti-cancer (3,8-diprenyl-4,5,7-trihydroxyflavone,

yanidin 3-rutinoside), neuroprotective (cyanidin-3-O-beta-D glucopy-

anoside), anxiolytic (moralbosteroid), anti-hypertensive mulberrofu-

ans F & G), anti-inflammatory (n-acetyl-5-methoxytryptamine) etc.

 Kang et al., 2005 ; Gupta et al., 2013 ; Wang et al., 2016 ; Chen et al.,

016 ; Kiran et al., 2019 ). Thus additional revenue can be generated by

iverting the left over leaf of mulberry for pharmaceutical industries,

fter silkworm rearing practices. 

On the basis of research findings, following by-product utilization

rom silkworm is emphasized: (a) Silk worm pupa can be utilized as

rotein diet for humans, (b) Silkworm pupa cake left after extraction

f oil for commercial purpose to be used as fish meal ( Baishya et al.,

004 ), (c) Utilization of oil extracted from pupae by pharmaceutical

ndustries, (d) Silkworm litters to be used as compost in agricultural

elds ( Baishya et al., 2004 ), (e) Usage of sericin in cosmetic industries

 Astudillo et al., 2014 ). 

. Industrial applications of mulberry 

Mulberry leaf and fruit possess health promoting essential phytonu-

rient compounds like minerals, amino acids, fatty acids, sugars, pheno-

ics, flavonoids, vitamins etc. ( Wang et al., 2013 ). However, mulberry

eaf and fruits are available only in a particular season of every country

ased on country’s geographical location and also fresh leaf and fruits

annot be stored for long durations with intact and same biochemical

ontent. As the fresh leaves and fruits of mulberry cannot be stored

or long durations, alternatively man has processed the mulberry leaf

nd fruits at industry level to get yearlong health benefits of processed

ulberry products ( Fig. 7 ). Mulberry based products are already been

roduced by pharmaceutical, food, beverage, herbal and cosmetic in-

ustries across the world ( Doi et al., 2001 ). Majorly European coun-

ries are more advanced in exploitation of mulberry, especially its fruits

n food and beverage industries. Industrial utilization of leaf and fruits

as enabled additional income generation to mulberry farmers and also

vailability of processed mulberry products to the people throughout

he year. 

.1. Processed products of mulberry leaf 

Mulberry leaf powder with varied biochemical content and antiox-

dant molecules is being used to prevent heat stroke ( Ganzon et al.,

017 ). Beverage or decoction made up of mulberry leaf powder is used

s a remedy for sore throat ( Pieroni et al., 2004 ; Chau and Wu, 2006 ).
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(a) (b)
Fig. 8. (a). Processed products of mulberry leaf. 

(b): Processed products of mulberry fruits. 

L  

p  

p  

2  

w  

p  

g  

a

 

c  

o  

i  

p  

w  

d  

o  

i  

(  

c  

v  

D  

b

 

t  

t  

c  

l  

m  

d  

k  

𝛾  

2  

a  

d  

(

 

n  

2  

g  

2  

a  

d  

a  

p  

2  

a  

t  

f

 

e  

t  

T  

o  

a  

a  

l  

t  

I  

p  

s  

r  

b

6

 

i  

t  

s  

a  

t  

t  

t  

o  

f  

h  

a  

2

 

i  

c  
eaf powder is also used for the treatment of hypertension, cancers, hy-

erlipidaemia, arteriosclerosis, liver and kidney damage and as a neuro-

rotective agent ( Sugiyama et al., 2016 ; Rynko et al., 2016 ; Chen et al.,

016 ). Mulberry leaf with high content of protein and carbohydrates

ere processed into leaf fodder for feeding domesticated animals. Other

rocessed products of mulberry leaf viz. tea powder, leaf wine, leaf vine-

ar, noodles and bean curd has attracted the attention of nutritionists

cross the world (( Fig. 8 a). 

Mulberry tea made from young shoots and leaves contains proteins

omposed of 15 types of essential amino acids which are required for

ptimum metabolism of human body ( Qin et al., 2012 ). Mulberry tea

s rich in 𝛾-aminobutyric acid, a compound known to reduce the blood

ressure ( Suttie, 2005 ). Mulberry tea is considered as a health drink

hich is suitable to all age groups and it is consumed from ancient

ays to overcome the problems of liver, in improving eye sight and for

ther health benefits of humans ( Wang et al., 2011 ). Most of the biolog-

cal activities of mulberry leaf is confined to the presence of phenolics

rutin, quercetin, isoquercetin, scopolin etc.), flavonoids (astragalin, cy-

lomulberrin, cyclomurusin, kaempferol etc.), chlorophylls, fatty acids,

itamins, carbohydrates, chalcones and phenolic acids ( Jia et al., 1999 ;

oi et al., 2001 ; Yang et al., 2012 ), all of which can easily get absorbed

y human body and provide good health to humans ( Qin et al., 2012 ). 

Apart from these mulberry leaf based processed products, in last

wo decades several commercial pharmaceutical compounds were iden-

ified in mulberry leaf along with their pharmacological activities. These

ommercial bioactive compounds were extracted, purified and formu-

ated into mulberry based natural pharmaceutical drugs. Among the

ulberry leaf based pharmaceutical compounds, most important are 1-

eoxynojirimycin, 2-arylbenzofuran, quercetin-3-(6-malonylglucoside),

aempferol-3,7-glucopyranoside, cyanidin-3-O-beta-D glucopyranoside,

-amino butyric acid and fagomine ( Enkhmaa et al., 2005 ; Eva et al.,

015 ). Among these compounds, 1-deoxynojirimycin and fagomine

re mostly recognized biomolecules with good commercial value

ue to their antidiabetic activity by inhibiting 𝛼-glycosidase enzyme

 Kimura et al., 2007 ; Hu et al., 2013 ; Hao et al., 2018 ). 

Mulberry leaf was also utilized for the synthesis of nanoparticles like

ano silver, nano copper, aluminum silica nanoparticles ( Rohela et al.,

019a ). These nanoparticles were effectively used for combating the

rasserie disease of silkworm ( Bombyx mori . L) ( Govindaraju et al.,

011 ). The biogenic nano silver was reported as an antiBmNPV agent

gainst nuclear polyhedrosis virus (NPV), a causative agent of grasserie
 f  
isease in silkworms worms ( Tamilselvan et al., 2012 ). Bactericidal

nd viricidal effects of silver nanoparticles against bacterial and viral

athogens of silkworm and mulberry was also reported ( Wenchu et al.,

013 ). Nanosilica can be used to combat mulberry leaf webber’s ( Di-

phania pulverulentalis & Glyphodes pyloalis ) and nanocopper can be used

o combact muscardine disease of silkworm, whose causative agent is a

ungal pathogen ( Rohela et al., 2019a ). 

At industrial level, now researchers should focus on utilizing the leaf

xplant based callus and cells suspension cultures to produce above men-

ioned commercial pharmaceuticals at large scale through bioreactors.

his will enable the industrialists to produce phytopharmaceuticals and

ther secondary metabolites in continuous state throughout the year

nd more importantly without sacrificing the mulberry plants. There

re reports about the production of mulberry based secondary metabo-

ites like quercetin, rutin, morusin, mulberroside A, cyclomorusin etc.

hrough suspension cultures of leaf derived callus ( Lee et al., 2011 ;

nyai et al., 2015 ). As discussed above, high demanding and most im-

ortant commercial biomolecules of 1-deoxynojirimycin and fagomine

hould be produced at industrial level in large scale from leaf callus de-

ived suspension cultures for economy generation and also for health

enefits. 

.2. Processed products of mulberry fruit 

Mulberry fruits are syncarpous in nature, similar to other berries it

s an aggregate of several small sized fruits called drupes. After pollina-

ion the ovary base of each female flower in catkin inflorescence gets

wollen, converts to fruit and gets altered in biochemical content, color

nd texture during the ripening process. Fruits of mulberry are similar

o raspberries and blackberries but they have a stalk which distinguishes

hem from other type of berries. Fully ripened berries of different geno-

ypes have fleshy skin which is white, pink, deep red, black, violet black

r purplish black in color. Among the different species, Morus nigra is

amously known for its best flavoured black coloured berries which are

ighly juicy, softer in nature, sweeter in taste and found as most suit-

ble mulberry fruit in wine preparations across the world ( Singhal et al.,

010 ). 

In majority of the mulberry growing countries of Asia, Europe, Amer-

ca and Australia mulberry fruit is consumed in fresh forms or in pro-

essed forms (jam, jelly, wine and juice) through industrial applications

or making it more delicious with pleasing color and odor ( Yuan and
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hao, 2017 ). These processed products are consumed at large scale in

ll developed as well as developing countries, as they are best regarded

s low calorie foods with high nutrient content composed of essential

iochemical compounds (essential amino acids, essential fatty acids and

itamins) which are required for proper metabolism of foods and for hu-

an growth. Based on its importance in growth and metabolism, now

uman beings are highly exploiting these mulberry fruits at industrial

evel for making commercial products ( Fig. 8 b) like juice, jam, pies, jelly,

ulp, fruit drink, wine, tea, sauce, cake, liquor, vinegars, fruit powder,

atural dyes, food colorant, cosmetics etc. ( Singhal et al., 2010 ). 

Among the above listed processed products of mulberry fruits; jam

nd wine are having huge demand in the market of western and other

eveloped countries ( Yuan and Zhao, 2017 ). Jam is a daily based essen-

ial food stuff required for having early breakfasts across all the coun-

ries. Jam made out of mulberry fruits is highly attractive due to its

eep red color, characteristic mulberry flavor, sweeter taste and due to

onsistency in jam thickness. Moreover, in the last two decades, aware-

ess about the mulberry jam as a natural product and its health benefits

ver other jams has increased among the people. Taste and color of

ulberry fruit based jam is majorly based on species and cultivar type,

egree of fruit ripening, total amount of pigments, sugar content, ascor-

ic acid, pH of prepared jam and storage temperature ( Hermann, 1972 ;

rolstad, 1976 ; Francis, 1989 ; Withy et al., 1993 ; Sundfor, 2001 ).

hereas quality of jam depends on its recipe, procedure of preparation,

ype of jar used, packaging type and storage conditions with regard to

ight and temperature ( Ochoa et al., 1999 ; Garcia et al., 1998 ; Qin et al.,

010 ). 

Wine prepared by the fermentation of mulberry fruits is considered

s a popular alcoholic drink in Asian countries and consumed famously

ll over the world due to its active biological ingredients ( Tchabo et al.,

017 ). It is purple black in color and possesses abundant phenolic com-

ounds which serve as antioxidants and aging of wine adds pleasant

dor to it ( Hornedo Ortega et al., 2017 ). The bioactive contents of mul-

erry wine i.e. anthocyanins, phenolics, tannins and flavonoids proved

o impart potential health benefits to the consumers ( Xiao et al., 2017 a,

017 b). 

Across the countries mulberry fruit products were majorly consumed

or potential health benefits and for curing several health disorders.

rocessed mulberry fruit products like juice, jelly and jam is used as

 good appetizer and as a carminative. They are also used for the treat-

ent of loss of appetite, for controlling intestinal parasites like tape-

orm ( Singhal et al., 2010 ). Even though herbal medicinal plant prod-

cts and processed fruit products were reported as harmless and safe by

everal researchers ( Eddy, 2005 ; Jordan et al., 2010 ). However safety

f mulberry based leaf and fruit products as to be assessed for their

ide effects and safety. Mulberry fruit based products are examined for

ealth risks in humans and results haven’t shown any carcinogenic ef-

ects on humans ( Mehmood et al., 2016 ). Hence, compared to chemi-

als based processed drinks and other industrial products, mulberry fruit

ased products are considered to be much safer and free of health risks

 Mehmood et al., 2016 ). 

. Conclusion and future prospectives 

From hundreds of years, mulberry plant was mainly recognised

cross the world as a food plant for silkworms ( Bombyx mori. L). But as

iscussed above, this plant is now considered as a multipurpose plant by

tilizing in environmental safety approach, promotion of human health

nd in promoting animal husbandry through quality milk production

nd enhanced meat production. As mulberry has huge role in environ-

ental cleanup through bioremediation of polluted sites (land, air and

ater) and carbon sequestration; this plant species should be recom-

ended by the respective authorities for plantation drive across the

ities/urban areas (as it can be cultivated across the globe) along the

oad sides and in social forestry for increasing the green cover and re-

uction of pollution. At present, ecological safety and sustainable devel-
pment has become one of the important components of world’s safety

nd hence mulberry plants should be potentially exploited to address

he ecological issues. 

Similarly, more emphasis should be given by the researchers and

ndustrialists to exploit the mulberry at large scale for the health bene-

ts of humans, economic generation and for environmental protection.

y considering all the facts of mulberry i.e. role in sericulture indus-

ry, role in health promotion of humans, role in soil conservation, role

n ecorestoration of degraded lands, role in bioremediation of polluted

ites, role in carbon sequestration, role in animal husbandry, role in

anoparticle synthesis, role in industrial utilization and economic em-

owerment of people; it can be considered as a most suitable and bene-

cial plant for sustainable future. 

eclaration of Competing Interest 

The authors declare that there are no conflicts of interest in this re-

earch study. 

cknowledgement 

Authors gratefully acknowledge Central Silk Board, Ministry of Tex-

iles, Government of India for providing necessary facilities to carry out

his review work. 

eferences 

na, L.Z. , Tatianne , Ana, D.M. , Anderson, P.D. , Larissa, C. , Edesio, A.B. , Dilamara, L.S. ,

R.S. , 2017. Evaluation of phenolic compounds and lipid-lowering effect of Morus nigra

leaves extract. Ann. Braz. Acad. Sci. 89 (4), 2805–2815 . 

ndallu, B. , Varadacharyulu, N. , 2002. Control of hyperglycemia and retardation of

cataract by mulberry ( Morus indica L.) leaves in streptozotocin diabetic rats. Ind. J.

Exp. Biol. 40, 791–795 . 

ndallu, B. , Suryakantham, V. , Lakshmi, B. , Reddy, G.K. , 2001. Effect of mulberry ( Morus

indica L.) therapy on plasma and erythrocyte membrane lipids in patients with type

2 diabetes. Clin. Chim. Acta 314, 47–53 . 

ndallu, B. , Vinay Kumar, A.V. , Varadacharyulu, N. , 2009. Lipid abnormalities in strep-

tozotocin-diabetes: amelioration by Morus indica L. cv Suguna leaves. Int. J. Diabetes

Dev. Ctries. 29 (3), 123–128 . 

nsari, M.A. , Abdul, H.M. , Joshi, G. , Opii, W.O. , Butterfield, D.A. , 2009. Protective effect

of quercetin in primary neurons against A 𝛽(1–42): relevance to Alzheimer’s disease.

J. Nut. Biochem. 2009, 269–275 . 

nten, N.P., 2005. Optimal photosynthetic characteristics of individual plants in vege-

tation stands and implications for species coexistence. Ann. Bot. 95 (3), 495–506.

doi: 10.1093/aob/mci048 . 

ramwit, P. , Bang, N. , Srichana, T. , 2010. The properties and stability of anthocyanins in

mulberry fruits. Food Res. Int. 43, 1093–1097 . 

rmand, D. , Meuret, M. , 1995. Culture En Sec Et Utilization En Elevage De Morus Alba

Kokuso 21 En Provence. Institut National de la Recherche Agronomique, Avignon,

France Rapport final (1991-1994) Selection and utilization of cultivated fodder trees

and shrubs in Mediterranean extenstive livestock production systems.)1995 . 

shfaq, M. , Ahmad, S. , Sagheer, M. , Hanif, M. , Abbas, S. , Yasir, M. , 2012. Bioaccumula-

tion of chromium (iii) in silkworm ( Bombyx mori L.) in relation to mulberry, soil and

wastewater metal concentrations. J. Anim. Plant Sci. 22 (3), 627–634 . 

shfaq, M. , Ali, S. , Hanif, M.A. , 2009. Bioaccumulation of cobalt in silkworm ( Bombyx

mori L.) in relation to mulberry, soil and wastewater metal concentrations. Process

Biochem. 44 (10), 1179–1184 . 

studillo, M.F. , Thalwitz, G. , Vollrath, F. , 2014. Life cycle assessment of Indian silk. J.

Clean. Prod. 81, 158–167 . 

studillo, M.F., Thalwitz, G., Vollrath, F., 2015. Modern analysis of an ancient integrated

farming arrangement: life cycle assessment of a mulberry dyke and pond system. Int.

J. Life Cycle Assess. 20, 1387–1398. doi: 10.1007/s11367-015-0950-3 . 

aishya, A. , Pathak, A.K. , Bhowmick, B.C. , Ahmed, S. , 2004. Predominant farming system

and alternative in assam in alternative farming systems proceeding of a symposium

held at PDCSR. Modipuram 228–237 . 

ao, T., Xu, Y., Gowd, V., Zhao, J., Xie, J., Liang, W., Chen, W., 2016. Systematic study on

phytochemicals and antioxidant activity of some new and common mulberry cultivars

in China. J. Funct. Foods 25, 537–547. doi: 10.1016/j.jff.2016.07.001 . 

arot, S., Ugolini, A., Brikci, F.B., 2007. Nutrient cycling efficiency explains the long-

term effect of ecosystem engineers on primary production. Funct. Ecol. 21, 1–10.

doi: 10.1111/j.1365-2435.2006.01225.x . 

azylak, G.M. , Siepak, A. , Gryn , 2014. Content of some inorganic anions in aqueous brews

of white mulberry leaves used as components of dietary supplements for diabetic

subjects. Planta Med. 80, 1476 . 

owman, D.M., Balch, J., Artaxo, P., Bond, W.J., Cochrane, M.A., DAntonio, C.M.,

Defries, R., Johnston, F.H., Keeley, J.E., Krawchuk, M.A., Kull, C.A., Mack, M.,

Moritz, M.A., Pyne, S., Roos, C.I., Scott, A.C., Sodhi, N.S., Swetnam, T.W., Whit-

taker, R., 2011. The human dimension of fire regimes on Earth. J. Biogeogr. 38 (12),

2223–2236. doi: 10.1111/j.1365-2699.2011.02595.x . 

http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0001
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0002
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0002
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0002
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0003
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0003
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0003
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0003
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0003
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0004
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0004
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0004
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0004
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0005
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0005
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0005
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0005
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0005
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0005
https://doi.org/10.1093/aob/mci048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0007
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0007
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0007
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0007
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0008
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0008
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0008
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0009
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0010
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0010
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0010
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0010
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0011
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0011
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0011
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0011
https://doi.org/10.1007/s11367-015-0950-3
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0013
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0013
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0013
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0013
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0013
https://doi.org/10.1016/j.jff.2016.07.001
https://doi.org/10.1111/j.1365-2435.2006.01225.x
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0016
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0016
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0016
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0016
https://doi.org/10.1111/j.1365-2699.2011.02595.x


G.K. Rohela, P. Shukla and Muttanna et al. Trees, Forests and People 2 (2020) 100011 

B  

B  

B  

C  

 

C  

C  

 

C  

 

C  

C  

C  

 

C  

 

C  

 

C  

 

C  

 

C  

 

C  

 

C  

C  

C  

 

C  

 

C  

 

C  

 

C  

 

 

C  

D  

D  

D  

 

D  

 

D  

 

D  

 

 

D  

D  

D  

 

D  

D  

D  

E

E  

 

 

E  

 

E  

 

 

E  

 

 

F  

 

F  

F  

F  

 

F  

 

 

F  

F  

F  

 

 

G  

 

G  

G  

 

G  

G  

 

G  

G  

 

G  

 

 

G  

 

G  

 

G  

 

G  

 

G  

H  

 

own, D. , 1995. Encyclopedia of Herbs and Their Uses. Dorling Kindersley, London, UK,

pp. 313–314 . 

unger, M.T. , Thomson, H.J. , 1938. Root development as a factor in the success or failure

of windbreak trees in the southern high plains. J. For. 36, 790–803 . 

utt, M.S.A. , Nazir, M.T. , Sultan, K. , Schroen , 2008. Morus alba L., nature’s functional

tonic. Trends Food Sci. Technol. 19, 505–512 . 

ao, Y. , Ma, Z.F. , Zhang, H. , Jin, Y. , Zhang, Y. , Hayford, F. , 2018. Phytochemical properties

and nutrigenomic implications of yacon as a potential source of prebiotic: current

evidence and future directions. Foods 7, 59 . 

ardinali, D.P. , Esquifino, A.I. , Srinivasan, V. , Pandiperumal, S.R. , 2008. Melatonin and

the immune system in aging. Neuro Immuno Modul. 15, 272–278 . 

hai, O.H. , Lee, M.S. , Han, E.H. , Kim, H.T. , Song, C.H. , 2005. Inhibitory effects of

Morus alba on compound 48/80-induced anaphylactic reactions and anti-chicken

gamma globulin IgE- mediated mast cell activation. Biol. Pharm. Bull. 28 (10), 1852–

1858 . 

hao, J. , Yu, M.S. , Ho, Y.S. , Wang, M. , Chang, R.C. , 2008. Dietary oxyresveratrol prevents

parkinsonian mimetic hydroxyl dopamine neurotoxicity. Free. Radic. Biol. Med. 2008,

1019–1026 . 

hatterjee, G.K. , Burman, T.K. , Nagchaudhuri, A.K. , Pal, S.P. , 1983. Anti-inflammatory

and anti-pyretic activities of Morus indica . Planta Med. 48 (2), 116–119 . 

hau, C.F. , Wu, S.H. , 2006. The development of regulations of Chinese herbal medicines

for both medicinal and food uses. Trends Food Sci. Technol. 17 313e23 . 

hen, C. , Gong, H. , Wang, K. , Tang, J. , Wan, J. , 1999. The adsorption, accumulation and

migration of cadmium in the system of soil mulberry and silkworm. Acta Ecol. Sin.

19 (5), 664–669 . 

hen, C. , You, L.J. , Abbasi, A.M. , Fu, X. , Liu, R.H. , 2015. Optimization for ultrasound ex-

traction of polysaccharides from mulberry fruits with antioxidant and hyperglycemic

activity in vitro . Carbohydr. Polym. 130, 122–132 . 

hen, C. , You, L.J. , Abbasi, A.M. , Fu, X. , Liu, R.H. , Li, C. , 2016a. Characterization of

polysaccharide fractions in mulberry fruit and assessment of their antioxidant and

hypoglycemic activities in vitro . Food Funct. 7, 530–539 . 

hen, C. , Zhang, B. , Fu, X. , Liu, R.H. , 2016b. A novel polysaccharide isolated from mul-

berry fruits ( Murus alba L.) and its selenide derivative: structural characterization and

biological activities. Food Funct. 7, 2886–2897 . 

hen, C. , Zhang, B. , Fu, X. , You, L.J. , Abbasi, A.M. , Liu, R.H. , 2016c. The digestibility

of mulberry fruit polysaccharides and its impact on lipolysis under simulated saliva,

gastric and intestinal conditions. Food Hydrocoll. 58, 171–178 . 

hen, C.C. , Liu, L.K. , Hsu, J.D. , Huang, H.P. , Yang, M.Y. , Wang, C.J. , 2005. Mulberry

extract inhibits the development of atherosclerosis in cholesterol-fed rabbits. Food

Chem. 91, 601–607 . 

hen, H. , He, X. , Liu, Y. , Li, J. , He, Q. , Zhang, C. , Wei, B. , Zhang, Y. , Wang, J. , 2016a.

Extraction, purification and anti-fatigue activity of 𝛾-aminobutyric acid from mulberry

( Morus alba L.) leaves. Sci. Rep. 6, 18933 . 

hen, J.X. , Li, X. , 2007. Hypolipidemic effect of flavonoids from mulberry leaves in trition

WR-1339 induced hyperlipidemic mice. Asia Pac. J. Clin. Nutr. 16, 290–294 . 

hen, M.G. , Jin, P.H. , Huang, L.X. , 2006a. Energy analysis of mulberry-silkworm ecosys-

tem in China. Chin. J. Appl. Ecol. 17, 233–236 . 

hen, N.C. , Chyau, C.C. , Lee, Y.J. , Tseng, H.C. , Chou, F.P. , 2016. Promotion of mitotic

catastrophe via activation of PTEN by paclitaxel with supplement of mulberry water

extract in bladder cancer cells. Sci. Rep. 6, 20417 . 

hen, Y.C. , Tien, Y.J. , Chen, C.H. , 2013. Morus alba and active compound oxyresvera-

trol exert anti-inflammatory activity via inhibition of leukocyte migration involving

MEK/ERK signaling. BMC Complement Alternat. Med. 13, 45 . 

hoi, D.Y. , Lee, Y.J. , Hong, J.T. , Lee, H.J. , 2012. Antioxidant properties of natural polyphe-

nols and their therapeutic potentials for Alzheimer’s disease. Brain Res. Bull. 2012,

144–153 . 

hoi, J.W. , Synytsya, A. , Capek, P. , Bleha, R. , Pohl, R. , Park, Y.I. , 2016a. Structural analysis

and anti-obesity effect of a pectic polysaccharide isolated from Korean mulberry fruit

Oddi ( Morus alba L.). Carbohydr. Polym. 146, 187–196 . 

hoi, K.H. , Lee, H.A. , Park, M.H. , Han, J.S. , 2016b. Mulberry ( Morus alba L.) fruit extract

containing anthocyanins improves glycemic control and insulin sensitivity via activa-

tion of AMP-activated protein kinase in diabetic C57BL/Ksj-db/db mice. J. Med. Food

19, 737–745 . 

unningham, S.D. , Berti, W.R. , Huang, J.W. , 1995. Phytoremediation of contaminated

soils. Trends Biotechnol. 13 (9), 393–397 . 

ai, Y.W. , Zhu, H. , Du, H.Z. , 2009. An evaluation on economic value and ecological func-

tion of mulberry resources. Prot. Forest Sci. Technol. 1, 78–80 . 

at, N.T. , Binh, P.T. , Quynh le, T.P. , Van Minh, C. , Huong, H.Y. , Lee, J.J. , 2010. Cytotoxic

prenylated flavonoids from Morus alba . Fitoterapia 81, 1224–1227 . 

atta, R.K. , 2000. Mulberry cultivation and utilization in India. In: Proceedings of the FAO

Electronic Conference on Mulberry for Animal Production ( Morus 1-L), Rome, Italy,

pp. 45–62 . 

atta, R.K. , Sarkar, A. , RamaMohan Rao, P. , Singhvi, N.R. , 2002. Utilization of mulberry

as animal fodder in India. In: Sanchez, M.D. (Ed.), Mulberry For Animal Production.

FAO, Rome, Italy, pp. 183–187 Animal Health and Production Paper No. 147 . 

eepa, M. , Sureshkumar, T. , Satheeshkumar, P.K. , Priya, S. , 2011. Purified mulberry leaf

lectin (MLL) induces apoptosis and cycle arrest in human breast cancer and colon

cancer cells. Chem. Biol. Interact. 200, 38–44 . 

el Rio, D. , Rodriguez-Mateos, A. , Spencer, J.P.E. , Tognolini, M. , Borges, G. , Crozier, A. ,

2013. Dietary (poly)phenolics in human health: structures, bioavailability, and ev-

idence of protective effects against chronic diseases. Antioxid. Redox Signal. 18,

1818 − 1892 . 

eshmukh, S.V. , Pathak, N.V. , Takalikar, D.A. , 1993. Nutritional effect of mulberry ( Morus

alba ) leaves as sole ration of adult rabbits. World Rabbit Sci. 1 (2), 67–69 . 

oi, K. , Kojima, T. , Makino, M. , Kimura, Y. , Fujimoto, Y. , 2001. Studies on the constituents

of the leaves of Morus alba L. Chem. Pharm. Bull. 49 (2), 151–153 . 
oran, M.P., Laca, E.A., Sainz, R.D., 2007. Total tract and rumen digestibility of mulberry

foliage ( Morus alba ), alfalfa hay and oat hay in sheep. Anim. Feed Sci. Technol. 138.

doi: 10.1016/j.anifeedsci.2006.11.016 , 239e253. 

u, J. , He, Z.D. , Jiang, R.W. , Ye, W.C. , Xu, H.X. , But, P.P. , 2003. Antiviral flavonoids from

the root bark of Morus alba L. Phytochemistry 62, 1235–1238 . 

u, Q. , Zheng, J. , Xu, Y. , 2008. Composition of anthocyanins in mulberry and their an-

tioxidant activity. J. Food Compos. Anal. 21, 390–395 . 

u, Z.H. , Liu, J.F. , Liu, G. , 2001. Study on mulberry trees as both water and soil conser-

vation and economy trees. J. Guangxi Seric. 38, 10–12 . 

ddy, D.M. , 2005. Evidence-based medicine: a unified approach. Health Aff. 24, 9–17 . 

nkhmaa, B.K. , Shiwaku, T. , Katsube, K. , Kitajima, E. , Anuurad, M. , Yamasaki, Y. , Ya-

mane , 2005. Mulberry ( Morus alba L.) leaves and their major flavonol quercetin-3-

(6-malonylglucoside) attenuate atherosclerotic lesion development in LDL receptor-d-

eficient mice. J. Nutr. 135, 729–734 . 

rcisli, S., Orhan, E., 2007. Chemical composition of white (Morus alba), red (Morus

rubra) and black (Morus nigra) mulberry fruits. Food Chem. 103, 1380–1384.

doi: 10.1016/j.foodchem.2006.10.054 . 

va, M., Sanchez, S., Pedro, M., Cristina, G.V., Francisca, H., Juan, J.M., 2015. (Poly)

phenolic compounds and antioxidant activity of white ( Morus alba ) and black ( Morus

nigra ) mulberry leaves: their potential for new products rich in phytochemicals. J.

Funct. Foods 2015, 1–8. doi: 10.1016/j.jff.2015.03.053 . 

yduran, S.P. , Ercisli, S. , Akin, M. , Beyhan, O. , Gecer, M.K. , Eyduran, E. , Erturk, Y.E. ,

2015. Organic acids, sugars, vitamin C, antioxidant capacity, and phenolic compounds

in fruits of white ( Morus alba L.) and black ( Morus nigra L.) mulberry genotypes. J.

App. Bot. Food Qual. 88, 134–138 . 

allon, E. , Zhong, L. , Furne, J.K. , Levitt, M.D. , 2008. A mixture of extracts of black and

green teas and mulberry leaf did not reduce weight gain in rats fed a high-fat diet.

Altern. Med. Rev. 13 (1), 43–49 . 

ang, S.H. , Hou, Y.C. , Chao, P.D. , 2005. Pharmacokinetic and pharmacodynamic interac-

tions of morin and cyclospor. Toxicol. Appl. Pharmacol. 205, 65–70 . 

arrar, J.L. , 1995. Trees of the Northern United States and Canada. Blackwell Publishing,

Ames, IA, USA, p. 1995 . 

arvid, M.S. , Ding, M. , Pan, A. , Sun, Q. , Chiuve, S.E. , Steffen, L.M. , Willett, W.C. , Hu, F.B. ,

2014. Dietary linoleic acid and risk of coronary heart disease: a systematic review and

meta-analysis of prospective cohort studies. Circulation 130, 1568–1578 . 

laczyk, E. , Kobus-Cisowska, J. , Przeor, M. , Korczak, J. , Remiszewski, M. ,

Korbas, E. , Buchowski, M. , 2013. Chemical characterization and antiox-

idative properties of Polish variety of Morus alba L. leaf aqueous ex-

tracts from the laboratory and pilot-scale processes. Agric. Sci. 4, 141–

147 . 

letcher, J.S. , McFarlane, J.C. , Pfleeger, T. , Wickliff, C. , 1990. Influence of Root expo-

sure concentration on the fate of nitrobenzene in Soybean. Chemosphere 20, 513–

523 . 

rancis, F.J. , 1989. Food colorants: anthocyanins. Crit. Rev. Food Sci. Nutr. 28, 273–341 .

ukai, T. , Hano, Y. , Hirakura, K. , Nomura, T. , Uzawa, J. , Fukushima, K. , 1985. Con-

stituents of the cultivated mulberry Tree XXV. Structures of two natural hypotensive

Diels-Alder type adducts, Mulberrofurans F and G, from the cultivated mulberry tree

(Morus lhou Koidz.). Chern. Pharm. Bull. 33, 3195 . 

anzon, J.G., Lih-Geeng, C., Ching-Chiung, W., 2017. 4-O-Caffeoylquinic acid as an an-

tioxidant marker for mulberry leaves rich in phenolic compounds. J. Food Drug Anal.

26 (3), 1985–1993. doi: 10.1016/j.jfda.2017.11.011 . 

ao, Q. , Han, W. , 2013. The thinking of planting mulberry to develop and improve

saline-alkali land in Heilongjiang Province, China. Agric. Dev. Equip. 5 6–6 . 

arcia, V.C. , Zafrilla, P. , Artes, F. , Romero, F. , Abellan, P. , Tomas-Barberan, F.A. , 1998.

Colour and anthocyanin stability of red raspberry jam. J. Sci. Food Agric. 78, 565–573 .

hosh, A. , Debnirmalya, G. , Tanmay, C. , 2017. Economical and environmental importance

of Mulberry: a Review. Int. J. Plant Environ. 3 (2), 51–58 . 

iampieri, F. , Tulipani, S. , Alvarez-Suarez, J.M. , Quiles, J.L. , Mezzetti, B. , Battino, M. ,

2012. The strawberry: composition, nutritional quality, and impact on human health.

Nutrition 28, 9–19 2012 . 

ong, S.X. , Zhu, J.P. , 2008. Mulberry relieving nutritional anemi. J. Zhejiang Univ. Tradit.

Chin. Med. 32, 350–352 . 

ovindaraju, K. , Tamilselvan, S. , Kiruthiga, V. , Singaravelu, G. , 2011. Silver nanothera-

phy on the viral borne disease of silkworm Bombyxmori L.. J. Nanoparticles Res. 13,

6377–6388 . 

u, P.S. , Moon, M. , Choi, J.G. , Oh, M.S. , 2017. Mulberry fruit ameliorates Parkin-

son’s-disease-related pathology by reducing 𝛼-synuclein and ubiquitin levels in a

1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine/probenecid model. J. Nutr. Biochem.

39, 15–21 . 

uha, A., Reddy, A.R., 2013. Leaf functional traits and stem wood characteristics influenc-

ing biomass productivity of mulberry ( Morus spp. L) genotypes grown in short-rotation

coppice system. BioEnergy Res. 6. doi: 10.1007/s12155-012-9270-7 , 547e563. 

undogdu, M. , Canan, I. , Gecer, M.K. , Kan, T. , Ercisli, S. , 2017. Phenolic compounds,

bioactive content and antioxidant capacity of the fruits of mulberry ( Morus spp.)

germplasm in Turkey. Folia Hortic. 29 (2), 251–262 . 

ungor, N., Sengul, M., 2008. Antioxidant activity, total phenolic content and selected

physicochemical properties of white mulberry ( Morus alba L.) fruits. Int. J. Food Prop.

11, 44–52. doi: 10.1080/10942910701558652 . 

uo, C. , Yang, J. , Wei, J. , Li, Y. , Xu, J. , Jiang, Y. , 2003. Antioxidant activities of peel, pulp

and seed fractions of common fruits as determined by FRAP assay. J. Nat. Res. 23,

1719–1726 . 

upta, G. , Imran, K. , Firoz, A. , 2013. Anxiolytic activity of moralbosteroid, a steroidal

glycoside isolated from Morus alba . Phytopharmacology 4, 347–353 . 

an, S.Y. , 2007. The ecological value of mulberry and its ecological cultivation models

for planting mulberry from eastern to western areas in Guizhou. J. Guizou Agrical Sci.

35, 140–142 . 

http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0018
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0018
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0019
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0019
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0019
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0020
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0020
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0020
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0020
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0020
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0021
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0022
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0022
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0022
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0022
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0022
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0023
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0023
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0023
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0023
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0023
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0023
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0024
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0024
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0024
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0024
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0024
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0024
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0025
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0025
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0025
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0025
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0025
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0026
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0026
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0026
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0027
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0027
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0027
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0027
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0027
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0027
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0028
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0028
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0028
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0028
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0028
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0028
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0029
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0030
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0030
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0030
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0030
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0030
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0031
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0032
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0033
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0034
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0034
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0034
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0035
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0035
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0035
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0035
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0038
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0038
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0038
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0038
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0038
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0038
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0036
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0036
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0036
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0036
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0039
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0039
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0039
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0039
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0039
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0040
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0041
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0041
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0041
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0041
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0041
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0042
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0042
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0042
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0042
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0043
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0043
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0043
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0043
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0044
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0045
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0045
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0046
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0046
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0046
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0046
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0046
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0047
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0047
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0047
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0047
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0047
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0048
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0049
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0049
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0049
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0049
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0050
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0050
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0050
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0050
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0050
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0050
https://doi.org/10.1016/j.anifeedsci.2006.11.016
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0052
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0053
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0053
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0053
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0053
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0054
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0054
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0054
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0054
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0055
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0055
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0056
https://doi.org/10.1016/j.foodchem.2006.10.054
https://doi.org/10.1016/j.jff.2015.03.053
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0059
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0060
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0060
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0060
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0060
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0060
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0061
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0061
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0061
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0061
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0062
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0062
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0063
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0064
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0065
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0065
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0065
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0065
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0065
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0066
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0066
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0067
https://doi.org/10.1016/j.jfda.2017.11.011
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0069
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0069
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0069
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0070
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0071
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0071
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0071
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0071
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0072
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0073
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0073
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0073
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0074
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0074
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0074
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0074
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0074
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0075
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0075
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0075
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0075
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0075
https://doi.org/10.1007/s12155-012-9270-7
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0077
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0077
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0077
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0077
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0077
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0077
https://doi.org/10.1080/10942910701558652
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0079
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0080
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0080
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0080
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0080
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0081
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0081


G.K. Rohela, P. Shukla and Muttanna et al. Trees, Forests and People 2 (2020) 100011 

H  

H  

H  

 

 

H  

 

H  

 

H  

 

H

H  

 

H  

 

 

H  

 

H  

 

H  

 

H  

H  

 

H  

 

H  

 

H  

 

H  

 

I  

 

 

 

I  

I  

 

J  

J  

J  

 

J  

J  

J  

 

 

J  

J  

J  

 

J  

K  

 

K  

 

K  

 

K  

K  

 

K  

 

 

K  

 

K  

 

K  

 

K  

K  

 

K  

 

 

 

K  

 

K  

K  

 

K  

 

L  

 

L  

 

 

L  

 

 

L  

 

 

L  

 

 

L  

L  

L  

 

L  

 

L  

L  

 

L  

L  

 

 

an, X.Z. , Shen, T. , Lou, H.X. , 2007. Dietary polyphenols and their biological significance.

Int. J. Mol. Sci. 8, 950–988 2007 . 

ansawasdi, C. , 2006. Kawabata, a-Glucosidase inhibitory effect of mulberry ( Morus alba )

leaves on Caco-2. Fitoterapia 77, 568–573 . 

ao, J.Y., Wan, Y., Yao, X.H., Zhao, W.G., Hu, R.Z., Chen, C., Li, L., Zhang, D.Y., Wu, G.H.,

2018. Effect of different planting areas on the chemical compositions and hypo-

glycemic and antioxidant activities of mulberry leaf extracts in Southern China. PLoS

ONE 13 (6), e0198072. doi: 10.1371/journal.pone.0198072 . 

ashemi, S.A., Tabibian, S., 2018. Application of Mulberry nigra to absorb heavy metal,

mercury, from the environment of green space city. Toxicol. Rep. 5, 644–646.

doi: 10.1016/j.toxrep.2018.05.006 . 

e, X.B. , Xie, Z.Q. , Nan, H.W. , 2007. Developing ecological economy of sericulture and

vegetation restoration in the water-level-fluctuating zone of the three gorges reservoir.

Sci. Technol. Rev. 25 (23), 59–63 . 

egde, R.S. , Fletcher, J.S. , 1996. Influence of plant growth stage and season on the re-

lease of root phenolics by mulberry as related to development ofphytoremediation

technology. Chemosphere 32 (12), 2471–2479 . 

ermann, K. , 1972. Anthocyanins in Food. Z. Lebensm. Unters. Forsch. 148, 290–302 . 

ong, J.H. , Ahn, J.M. , Park, S.W. , Rhee, S.J. , 2004. The effects of mulberry fruit on the

antioxidative defense systems and oxidative stress in the erythrocytes of streptozo-

tocin-induced diabetic rats. Nutr. Sci. 7, 127–132 . 

ornedo Ortega, R. , Alvarez Fernandez, M.A. , Cerezo, A.B. , Garcia Garcia, I. , Tron-

coso, A.M. , Garcia Parilla, M.C. , 2017. Influence of fermentation process on the an-

thocyanin composition of wine and vinegar elaborated from strawberry. J. Food Sci.

82, 364–372 . 

ouben, D. , Evrard, L. , Sonnet, P. , 2013. Mobility, bioavailability and pH-dependent

leaching of cadmium, zinc and lead in a contaminated soil amended with biochar.

Chemosphere 92 (11), 1450–1457 . 

u, T.G. , Wen, P. , Lindart, R.J. , Liao, S.T. , Wu, H. , Zou, Y.X. , 2019. Mulberry: a review of

bioactive compounds and advanced processing technology. Trends Food Sci. Technol.

83, 138–158 . 

u, X.Q. , Jiang, L. , Zhang, J.G. , Deng, W. , Wang, H.L. , Wei, Z.J. , 2013. Quantitative de-

termination of 1-deoxynojirimycin in mulberry leaves from 132 varieties. Ind. Crop

Prod. 49 (8), 782–784 . 

uang, F. , Wang, D. , 2012. The introduction to mulberry to ecological restoration. North

Seric. 33 (4), 52–54 . 

uang, H.P. , Chang, Y.C. , Wu, C.H. , Hung, C.N. , Wang, C.J. , 2011. Anthocyanin-rich Mul-

berry extract inhibit the gastric cancer cell growth in vitro and xenograft mice by

inducing signals of p38/p53 and c-jun. Food Chem. 129, 1703–1709 . 

uang, H.P. , Ou, T.T. , Wang, C.J. , 2013. Mulberry (sang shen zi) and its bioactive com-

pounds, the chemoprevention effects and molecular mechanisms in vitro and in vivo .

J. Tradit. Complement. Med. 3, 7–15 . 

ugar, I.I. , Sathyanarayana, K. , Singh, K.K. , Sharma, U.C. , 2016. Promotion of integrated

sericulture and other allied activities for improving livelihoods of mahila kisan in

mandi district, himachal pradesh. Int. Edu. Res. J. 2 (5), 120–123 . 

unyadi, A.I. , Herke, K. , Veres, A. , Erdei, A. , Simon, G.T. , 2014. Volatile glycosides from

the leaves of Morus alba with a potential contribution to the complex anti-diabetic

activity. Nat. Prod. Commun. 9, 145–147 . 

ussein, I.A.S., Mona, S.M.M., 2018. Solid waste issue: sources, composition,

disposal, recycling, and valorization. Egypt. J. Petrol. 27 (4), 1275–1290.

doi: 10.1016/j.ejpe.2018.07.003 . 

nyai, C. , Udomsin, O. , Komaikul, J. , Tanaka, H. , Sritularak, B. , Putalun, W. , 2015. En-

hancement mulberroside A production in Morus alba L. cell cultures by calciumalgi-

nate immobilization and elicitation. In: Proceedings of the International Conference

on Herbal and Traditional Medicine (HTM-2015). Khonkaen, Thailand. Pullman Raja

Orchid . 

onica, M.E. , Violeta, N. , Ion, T. , 2017. Bioactive compounds and antioxidant capacity of

some Morus species. Southwest. J. Hortic. Biol. Environ. 8 (2), 79–88 . 

qbal, S. , Younas, U. , Sirajuddin, Chan, K.W. , Sarfraz, R.A. , Uddin, K. , 2012. Proximate

composition and antioxidant potential of leaves from three varieties of mulberry

( Morus spp.): a comparative study. Int. J. Mol. Sci. 13, 6651–6664 . 

ain, S.K. , De Filipps, A. , 1991. In: Medicinal Plants in India, II. Reference Publications

Inc., Algonac Michigan, p. 438 . 

ayal, M.M. , Kehar, N.D. , 1962. A study on the nutritive value of mulberry ( Morus indica )

tree leaves. Indian J. Dairy Sci. 15 (1), 21–27 . 

i, H.F. , Li, X.J. , Zhang, H.Y. , 2009. Natural products and drug discovery. Can thousands

of years of ancient medical knowledge lead us to new and powerful drug combinations

in the fight against cancer and dementia. EMBO Rep. 10, 194–200 . 

ia, Z. , Tang, M. , Wu, J. , 1999. The determination of flavonoid contents in mulberry and

their scavenging effects on superoxide radicals. Food Chem. 64, 555–559 . 

ian, Q. , Ningjia, H. , Yong, W. , Zhonghuai, X. , 2012. Ecological issues of mulberry and

sustainable development. J. Resour. Ecol. 3, 330–339 . 

iang, D.Q. , Guo, Y. , Xu, D.H. , Huang, Y.S. , Yuan, K. , Lv, Z.Q. , 2013. Antioxidant and

anti-fatigue effects of anthocyanins of mulberry juice purification (MJP) and mulberry

marc purification (MMP) from different varieties mulberry fruit in China. Food Chem.

Toxicol. 59, 1–7 . 

iang, Y. , Nie, W.J. , 2015. Chemical properties in fruits of mulberry species from the

Xinjiang province of China. Food Chem. 174, 460–466 . 

iang, Y. , Renzhi, H. , Xinpei, Y. , Chaohua, J. , Shimeng, J. , Tangzhong, L. , 2017. Mulberry

for environmental protection. Pak. J. Bot. 49 (2), 781–788 . 

ordan, S.A. , Cunningham, D.G. , Marles, R.J. , 2010. Assessment of herbal medicinal prod-

ucts: challenges, and opportunities to increase the knowledge base for safety assess-

ment. Toxicol. Appl. Pharmacol. 243, 198–216 . 

othimani, P. , Ponmani, S. , Sangeetha, R. , 2013. Phytoremediation of heavy metals - a

review. Int. J. Res. Stud. Biosci. 1, 17–23 . 

ang, T.H. , Hur, J.Y. , Kim, H.B. , Ryu, J.H. , Kim, S.Y. , 2006. Neuroprotective effects of the
cyanidin-3-O-beta- d -glucopyranoside isolated from mulberry fruit against cerebral is-

chemia. Neurosci. Lett. 391 (3), 122–126 . 

ang, T.H. , Oh, H.R. , Jung, S.M. , Ryu, J.H. , Park, M.W. , Park, Y.K. , Kim, S.Y. , 2005. En-

hancement of neuroprotection of mulberry leaves ( Morus alba L.) prepared by the

anaerobic treatment against ischemic damage. Biol. Pharm. Bull. 29 (2), 270–274 . 

atsube, T. , Imawaka, N. , Kawano, Y. , Yamazaki, Y. , Shiwaku, K. , Yamane, Y. , 2006.

Antioxidant flavonol glycosides in mulberry ( Morus alba L.) leaves isolated based on

LDL antioxidant activity. Food Chem. 97, 25–31 . 

atul, G. , Novick, K. , 2009. Evapotranspiration. Encyclopedia of Inland Waters. Elsevier

BV Page, pp. 661–667 . 

aume, L. , Howard, L.R. , Devareddy, L. , 2012. The blackberry fruit: a review on its com-

position and chemistry, metabolism and bioavailability and health benefits. J. Agric.

Food Chem. 60, 5716–5727 . 

han, M.A. , Rahman, A.A. , Islam, S. , Khandokhar, P. , Parvin, S. , Islam, M.B. , Hossain, M. ,

Rashid, M. , Sadik, G. , Nasrin, S. , Mollah, M.N. , Alam, A.H. , 2013. A comparative study

on the antioxidant activity of methanolic extracts from different parts of Morus alba

L. (Moraceae). BMC Res. Notes 6, 24 . 

im, A.J. , Park, S. , 2006. Mulberry extract supplements ameliorate the inflammation-re-

lated haematological parameters in carrageenan-induced arthritic rats. J. Med. Food

9, 431–435 . 

im, H.B. , Choung, W.Y. , Ryu, K.S. , 1999. Sensory characteristics and blood glucose low-

ering effect of ice-cream containing mulberry leaf powder. Korean J. Seric. Sci. 41,

129–134 . 

im, H.G. , Ju, M.S. , Shim, J.S. , Kim, M.C. , Lee, S.H. , 2010. Mulberry fruit protects

dopaminergic neurons in toxin-induced Parkinson’s disease models. Br. J. Nutr. 104,

8–16 . 

im, S.B. , Chang, B.Y. , Hwang, B.Y. , Kim, S.Y. , Lee, M.K. , 2014. Pyrrole alkaloids from

the fruits of Morus alba . Bioorg. Med. Chem. Lett. 24, 5656–5659 . 

im, S.B. , Chang, B.Y. , Jo, Y.H. , Lee, S.H. , Han, S.B. , Hwang, B.Y. , Kim, S.Y. , Lee, M.K. ,

2013. Macrophage activating activity of pyrrole alkaloids from Morus alba fruits. J.

Ethnopharmacol. 145, 393–396 . 

imura, T., Nakagawa, K., Kubota, H., Kojima, Y., Goto, Y., Yamagishi, K., Oita, S.,

Oikawa, S., Miyazawa, T., 2007. Food-grade mulberry powder enriched with 1-

deoxynojirimycin suppresses the elevation of postprandial blood glucose in humans.

J. Agric. Food Chem. 55 (14), 5869–5874. doi: 10.1021/jf062680g , PMID: 17555327.

iran, T. , Yuan, Y.Z. , Andrei, M. , Fang, Z. , Jian, G.Z. , Zhao, J.W. , 2019. 1-Deoxyno-

jirimycin, its potential for management of non-communicable metabolic disorders.

Trends Food. Sci. Technol. 89, 88–99 . 

ofujita, H. , Yaguchi, M. , Doi, N. , Suzuki, K. , 2004. A novel cytotoxic prenylated flavonoid

from the root of Morus alba . J. Insect Biotechnol. Sericol. 73 (3), 113–116 . 

ojima, Y. , Kimura, T. , Nakagawa, K. , Asai, A. , Hasumi, K. , Oikawa, S. , Miyazawa, T. ,

2010. Effects of mulberry leaf extract rich in 1-deoxynojirimycin on blood lipid pro-

files in humans. J. Clin. Biochem. Nutr. 47, 155–161 . 

usano, G. , Orihara, S. , Tsukamoto, D. , Shibano, M. , Coskun, M. , Guvenc, A. , Erdurak, C.S. ,

2002. Five new nortropane alkaloids and six new amino acids from the fruit of Morus

alba Linne growing in Turkey. Chem. Pharm. Bull. 50, 185–192 . 

e, T.H. , Nguyen, Q.S. , Dinh, V.B. , Le, T.B. , Preston, T.R. , 1996. Replacing concentrates

with molasses blocks and protein-rich tree leaves for reproduction and growth of rab-

bits. Livest. Res. Rural Dev. 8 (3), 33–37 . 

e, H.D. , Fallon, E.M. , Kalish, B.T. , de Meijer, V.E. , Meisel, J.A. , Gura, K.M. , Nose, V. ,

Pan, A.H. , Bistrian, B.R. , Puder, M. , 2013. The effect of varying ratios of docosa-

hexaenoic acid and arachidonic acid in the prevention and reversal of biochemical

essential fatty acid deficiency in a murine model. Metab. Clin. Exp. 62, 499–508 . 

ee, J.S. , Synytsya, A. , Kim, H.B. , Choi, D.J. , Lee, S. , Lee, J. , Kim, W.J. , Jang, S.J. ,

Park, Y.I. , 2013. Purification, characterization and immunomodulating activity of a

pectic polysaccharide isolated from Korean mulberry fruit Oddi ( Morus alba L.). Int.

Immunopharmacol. 17, 858–866 . 

ee, S.R. , Park, J.Y. , Yu, J.S. , Lee, S.O. , Ryu, J.Y. , Choi, S.Z. , Kang, K.S. , Yamabe, N. ,

Kim, K.H. , 2016. Odisolane, a novel oxolane derivative, and antiangiogenic con-

stituents from the fruits of mulberry ( Morus alba L.). J. Agric. Food Chem. 64,

3804–3809 . 

ee, Y. , Lee, D.E. , Lee, H.S. , Kim, S.K. , Lee, W.S. , Kim, S.H. , Kim, M.W. , 2011. Influence of

auxins, cytokinins, and nitrogen on production of rutin from callus and adventitious

roots of the white mulberry tree ( Morus alba L.). Plant Cell Tissue Organ Cult. 105

(1), 9–19 . 

ee, Y.M. , Yoon, Y. , Yoon, H. , Park, H.M. , Song, S. , Yeum, K.J. , 2017. Dietary anthocyanins

against obesity and inflammation. Nutrients 2017, 9 . 

i, W. , Li, T. , Tang, K. , 2009. Flavonoids from mulberry leaves by microwave-assisted

extract and anti-fatigue activity. Afr. J. Agric. Res. 4, 898–902 . 

i, X.R. , Fang, X. , Yu, L.Y. , 2005. Effect of flavonoids from mulberry leaves on antioxida-

tive enzyme and album in glycosylation on diabetic rat. J. Zhejiang Univ. Agric. Life

Sci. 31, 203–206 . 

im, H.H. , Lee, S.O. , Kim, S.Y. , Yang, S.J. , Lim, Y. , 2013. Anti-inflammatory and antiobe-

sity effects of mulberry leaf and fruit extract on high fat diet-induced obesity. Exp.

Biol. Med. 238, 1160–1169 . 

in, T.B. , Li, Y.G. , Lv, Z.Q. , 2008. Advances in the research and development on the syn-

thesize utilization of mulberry resources. Bull. Seric. 39 (3), 1–4 . 

iu, C.J. , Lin, J.Y. , 2014. Protective effects of strawberry and mulberry fruit polysaccha-

rides on inflammation and apoptosis in murine primary splenocytes. J. Food Drug

Anal. 22, 210–219 . 

iu, H. , Qiu, N. , Ding, H. , Yao, R. , 2008. Polyphenols contents and antioxidant capac-

ity of 68 Chinese herbals suitable for medical or food uses. Food Res. Int. 41, 363–

370 . 

iu, J.X. , Yao, J. , Yan, B. , Yu, J.Q. , Wang, X.Q. , 2000. The nutritional value of mulberry

leaves and their use as supplements to growing sheep fed ammoniated rice straw. In:

Sanchez M.D. 2001, Mulberry for Animal Production, Animal Production and Health

Series#147. FAO, pp. 185–198 . 

http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0082
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0082
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0082
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0082
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0083
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0083
https://doi.org/10.1371/journal.pone.0198072
https://doi.org/10.1016/j.toxrep.2018.05.006
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0086
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0086
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0086
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0086
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0087
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0087
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0087
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0088
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0088
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0089
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0089
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0089
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0089
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0089
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0090
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0091
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0091
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0091
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0091
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0092
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0093
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0094
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0094
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0094
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0095
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0095
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0095
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0095
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0095
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0095
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0096
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0096
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0096
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0096
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0097
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0097
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0097
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0097
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0097
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0098
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0098
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0098
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0098
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0098
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0098
https://doi.org/10.1016/j.ejpe.2018.07.003
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0100
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0101
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0101
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0101
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0101
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0102
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0102
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0102
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0102
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0102
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0102
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0103
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0103
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0103
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0104
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0104
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0104
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0105
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0105
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0105
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0105
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0106
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0106
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0106
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0106
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0107
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0107
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0107
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0107
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0107
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0108
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0109
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0109
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0109
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0110
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0111
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0111
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0111
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0111
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0112
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0112
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0112
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0112
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0113
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0114
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0115
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0116
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0116
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0116
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0117
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0117
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0117
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0117
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0118
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0119
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0119
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0119
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0120
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0120
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0120
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0120
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0121
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0121
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0121
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0121
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0121
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0121
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0122
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0122
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0122
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0122
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0122
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0122
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0123
https://doi.org/10.1021/jf062680g
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0125
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0126
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0126
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0126
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0126
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0126
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0127
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0128
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0129
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0129
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0129
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0129
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0129
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0129
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0130
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0131
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0132
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0133
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0134
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0135
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0135
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0135
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0135
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0136
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0136
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0136
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0136
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0137
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0137
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0137
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0137
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0137
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0137
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0138
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0138
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0138
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0138
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0139
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0139
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0139
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0140
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0140
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0140
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0140
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0140
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0141
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0141
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0141
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0141
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0141
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0141


G.K. Rohela, P. Shukla and Muttanna et al. Trees, Forests and People 2 (2020) 100011 

L  

 

L  

L  

L  

L  

M  

M  

M  

 

M  

 

M  

 

M  

 

M  

 

M  

 

N  

 

N  

 

N  

 

 

N  

N  

 

N  

 

N  

N  

O  

 

O  

 

O  

O  

O  

O  

O  

O  

 

O  

P  

P  

 

P  

 

P  

 

P  

 

P  

 

 

P  

 

P  

P  

Q  

 

Q  

Q  

 

R  

 

R  

R  

R  

 

R  

 

R  

 

 

R  

S  

 

S  

 

S  

 

S  

 

S  

 

S  

 

 

 

S  

 

S  

 

 

S  

S  

 

S  

 

 

S  

 

S  

 

iu, L.K. , Chou, F.P. , Chen, Y.C. , Chyau, C.C. , Ho, H.H. , Wang, C.J. , 2009. Effects of mul-

berry ( Morus alba L.) extracts on lipid homeostasis in vitro and in vivo . J. Agric. Food

Chem. 57 (16), 7605–7611 . 

iu, R.H. , 2004. Potential synergy of phytochemicals in cancer prevention: mechanism of

action. J. Nutr. 134 (12 Suppl) 3479S − 3485S . 

ombi, E. , Zhao, F.J. , Dunham, S.J. , McGrath, S.P. , 2001. Phytoremediation of heavy met-

al–contaminated soils. J. Environ. Qual. 30, 1919–1926 . 

u, M. , Jiang, F.Q. , 2003. Reaction of trees planting to combined pollution of sulfur dioxide

and lead. Urban Environ. Urban Ecol. 16 (6), 23–25 . 

u, M. , Wang, R.Q. , Qi, X.S. , 2004. Reaction of planting tree species on chlorine pollution

in the atmosphere. J. Shandong Univ. 39, 98–101 . 

a, Y.P. , 2002. Clinical observation of mulberry as a medicine of pharyngitis treatment.

Xinjiang J. Tradit. Chin. Med. 20, 83–84 . 

adhumitha, S. , Indhuleka, A. , 2012. Cardioprotective effect of Morus alba L. leaves in

isoprenaline induced rats. Int. J. Pharm. Sci. Res. 3, 1475–1480 . 

ajumdar, B.N. , Momin, S.A. , Kehar, N.D. , 1967a. Studies on tree leaves as cattle fodder.

1. Chemical composition as affected by the stage of growth. Indian J. Vet. Sci. 37 (b),

217–223 . 

attina, M.J.I. , Lannucci-Berger, W. , Musante, C. , White, J.C. , 2003. Concurrent plant

uptake of heavy metal and persistent organic pollutants from soil. Environ. Pollut.

24, 375–378 . 

aymone, B. , Tiberio, M. , Triulzi, G.A. , 1959. Richerche comparative sulla digeribilita

delle foglie di gelso nellelarve di Bombxy mori negli animali superiori. In: Annali

dell’Istituto Sperimentale Zootecnico di Roma, Volume VI, pp. 1–28 . 

ehmood, A.A. , Shah, M.H. , Guo, X. , Khan, N. , 2016. Comparison of nutritional value,

antioxidant potential, and risk assessment of the mulberry ( Morus ) Fruits. Int. J. Fruit

Sci. 16, 113–134 . 

emon, A.A. , Najma, M. , Luthria, D.L. , Bhanger, M.I. , Pitafi, A.A. , 2010. Phenolic acids

profiling and antioxidant potential of mulberry ( Morus laevigata W., Morus nigra L.,

Morus alba L.) leaves and fruits grown in Pakistan. Pol. J. Food Nutr. Sci. 60, 25–32 . 

naa, S. , Aniess, W. , Olwy, Y. , Shaker, E. , 2015. Antioxidant activity of white ( Morus alba

L.) and black ( Morus nigra L.) berries against CC14 hepatotoxic agent. Adv. Tech. Biol

Med. 3 (1), 1–7 . 

ade, V.S. , Kawale, L.A. , Yadav, A.V. , 2010. Protective effect of Morus alba leaves on

haloperidol-induced orofacial dyskinesia and oxidative stress. Pharm. Biol. 48 (1),

17–22 . 

aowaboot, J. , Pannangpetch, P. , Kukongviriyapan, V. , Kukongviriyapan, U. , Nakmare-

ong, S. , Itharat, A. , 2009. Mulberry leaf extract restores arterial pressure in strepto-

zotocin-induced chronic diabetic rats. Nutr. Res. 29 (8), 602–608 . 

aowaratwattana, W. , De-Eknamkul, W. , De Mejia, E.G. , 2010. Phenolic-containing or-

ganic extracts of mulberry ( Morus alba L.) leaves inhibit HepG2 hepatoma cells

through G2/M phase arrest induction of apoptosis, and inhibition of topoisomerase

IIa activity. J. Med. Food 13, 1045–1056 . 

arayana, H. , Setty, S.V.S. , 1977. Studies on the incorporation of mulberry leaves ( Morus

indica ) in layers mash. Indian Vet. J. 56 (9), 778–787 . 

atic, M.M. , Dabic, D.C. , Papetti, A. , Fotiric-Aksic, M.M. , Ognjanov, V. , Ljubojevic, M. ,

Tesic, Z.L. , 2015. Analysis and characterization of phytochemicals in mulberry ( Morus

alba L.) fruits grown in Vojvodina, North Serbia. Food Chem. 171, 128–136 . 

azarian, H. , Amouzgar, D. , Sedghianzadeh, H. , 2016. Effects of different concentrations

of cadmium on growth and morphological changes in basil ( Ocimum basilicum L.). Pak.

J. Bot. 48 (3), 945–952 . 

azaruk, J. , Borzym-Kluczyk, M. , 2015. The role of triterpenes in the management of

diabetes mellitus and its complications. Phytochem. Rev. 14, 675–690 . 

omura, T. , Fukai, T. , 1980. Kuwanon G, a New Flavone Derivative from the Root Barks

of the Cultivated Mulberry Tree (Morus alba L.). Chern. Pharm. Bull. 28, 2548 . 

choa, M.R. , Kesseler, A.G. , Vullioud, M.B. , Lozano, J.E. , 1999. Physical and chemical

characteristics of raspberry pulp: storage effect on composition and color. Lebensm.

Wiss. Technol. 32, 149–153 . 

h, B.K. , Oh, K.S. , Kwon, K.I. , Ryu, S.Y. , Kim, Y.S. , Lee, B.H. , 2010. Melanin-concentrat-

ing hormone-1 receptor antagonism and antiobesity effects of ethanolic extract from

Morus alba leaves in diet-induced obese mice. Phytother. Res. 24 (6), 919–923 . 

lson, P.E. , Fletcher, J.S. , 1999. Field evaluation of mulberry root structure with regard

to phytoremediation. Biorem. J. 3 (1), 27–34 . 

shima, Y. , Konno, C. , Hikino, H. , 1981. Structure of Moracenin D, a Hypotensive Princi-

ple of Morus Root Barks. Heterocycles 16, 979 . 

shima, Y. , Konno, C. , Hikino, H. , Matsushita, K. , 1980. Structure of Moracenin A, a

Hypotensive Principle of Morus Root Barks. Heterocycles 14, 1287 . 

shima, Y. , Konno, C. , Hikino, H. , Matsushita, K. , 1983a. Structure of Moracenin B, a

Hypotensive Principle of Morus Root Barks. Tetrahedron Lett. 21, 3381 . 

shima, Y. , Konno, C. , Hikino, H. , Matsushita, K. , 1983b. Structure of Moracenin C, a

Hypotensive Principle of Morus Root Barks. Heterocycles 14, 1461 . 

wusu, P.A., Samuel, A.S., 2016. A review of renewable energy sources,

sustainability issues and climate change mitigation. Cogent Eng. 3 (1).

doi: 10.1080/23311916.2016.1167990 , 1167990. 

zgen, M. , Serce, S. , Kaya, C. , 2009. Phytochemical and antioxidant properties of antho-

cyanin-rich Morus nigra and Morus rubra fruits. Sci. Hortic. 119, 275–279 . 

ark, E. , Lee, S.M. , Lee, J.E. , Kim, J.H. , 2013. Anti-inflammatory activity of mulberry leaf

extract through inhibition of nf-kb. J. Funct. Foods 5, 178–186 . 

ark, K.M. , You, J.S. , Lee, H.Y. , Baek, N.I. , Hwang, J.K. , 2003. Kuwanon G: an antibacterial

agent from the root bark of Morus alba against oral pathogens. J. Ethnopharmacol. 84,

181–185 . 

el, P. , Chae, H.S. , Nhoek, P. , Kim, Y.M. , Chin, Y.W. , 2017. Chemical constituents with

proprotein convertase subtilisin/kexin type 9 mRNA expression inhibitory activity

from dried immature Morus alba fruits. J. Agric. Food Chem. 65, 5316–5321 . 

eng, X. , Yang, B. , Deng, D. , Dong, J. , Chen, Z. , 2012. Lead tolerance and accumulation in
three cultivars of Eucalyptus urophylla XE. grandis: implication for phytoremediation.

Environ. Earth Sci. 67, 1515–1520 . 

erera, F., 2017. Pollution from fossil-fuel combustion is the leading environmental threat

to global pediatric health and equity: solutions exist. Int. J. Env. Res. Public Health

15 (1), 16. doi: 10.3390/ijerph15010016 . 

erez Gregorio, M.R. , Regueiro, J. , Alonso Gonzalez, E. , Pastrana-Castro, L.M. , Simal Gan-

dara, J. , 2011. Influence of alcoholic fermentation process on antioxidant activity

and phenolic levels from mulberries ( Morus nigra L.). LWT Food Sci. Technol. 44,

1793–1801 . 

hiny, C., Preston, T.R., Ly, J., 2003. Mulberry ( Morus alba ) leaves as protein source

for young pigs fed rice-based diets: digestibility studies. Livest. Res. Rural Dev. 15.

http://www.lrrd.org/lrrd15/1/phin151.htm . 

ieroni, A. , Quave, C.L. , Santoro, R.F. , 2004. Folk pharmaceutical knowledge in the terri-

tory of the Dolomiti Lucane, inland southern Italy. J. Ethnopharmacol. 95 373e84 . 

ulford, I. , Watson, C. , 2003. Phytoremediation of heavy metal-contaminated land by

trees-a review. Environ. Int. 29 (4), 529–540 . 

iao, A. , Wang, Y. , Zhang, W. , He, X. , 2015. Neuroprotection of brain-targeted bioactive

dietary artoindonesianin O (AIO): from mulberry on rat neurons as a novel interven-

tion for Alzheimer disease. J. Agric. Food Chem. 63 (14), 3687–3693 . 

in, C. , Li, Y. , Niu, W. , Ding, Y. , Zhang, R. , Shang, X. , 2010. Analysis and characterisation

of anthocyanins in mulberry fruit. Czech J. Food Sci. 28, 117–126 . 

in, J., He, N., Wang, Y., Xiang, Z., 2012. Ecological issues of mul-

berry and sustainable development. J. Resour. Ecol. 3 (4), 330–339.

doi: 10.5814/j.issn.1674-764x.2012.04.006 . 

afati, M. , Khorasani, N. , Moattar, F. , Shirvany, A. , Moraghebi, F. , Hosseinzadeh, S. , 2011.

Phytoremediation potential of Populus alba and Morus alba for cadmium, chromuim

and nickel absorption from polluted soil. Int. J. Environ. Res. 5 (4), 961–970 . 

ao, A.V. , Snyder, D.M. , Seeram, N. , 2010. Raspberries and human health: a review. J.

Agric. Food Chem. 58, 3871–3883 . 

askin, I. , Ensley, B.D. , 2000. Phytoremediation of Toxic Metals: Using Plants to Clean Up

the Environment. John Wiley & Sons, Inc., New York . 

eddy, B.K. , Srinivasa Rao, T.V.S. , Reddy, D.C. , Krishna Rao, J.V. , 2008. impact of inte-

grated sericultural technologies on mulberry leaf yield and cocoon yield at farmers

level. Indian J. Seric. 47 155e160 . 

ohela, G.K., Yelugu, S., Mahender, S.R., 2019a. A review paper on recent trends in bio-

nanotechnology: implications and potentials. Nanosci. Nanotechnol. Asia 26, 1–9.

doi: 10.2174/2210681208666171204163015 . 

ohela, G.K., Phanikanth, J., Mir, M.Y., Aftab, A.S., Pawan, S., Sadanandam, A.,

Kamili, A.N., 2020. Indirect regeneration and genetic fidelity analysis of acclimated

plantlets through SCoT and ISSR markers in Morus alba L. cv. Chinese white. Biotech.

Rep. 25 (2020), 313–321. doi: 10.1016/j.btre.2020.e00417 , e00417. 

ynko, G.A. , Bazylak, G. , Olszewska Slonina, D. , 2016. New potential phytotherapeutics

obtained from white mulberry ( Morus alba L.) leaves. Biomed. Pharma. 84 628e36 . 

akagami, H. , Asano, K. , Satoh, K. , Takahashi, K. , Terakubo, S. , Shoji, Y. , Nakashima, H. ,

Nakamura, W. , 2006. Anti-stress activity of mulberry juice in mice. In Vivo Brooklyn

20, 499–504 . 

an, B. , Yildirim, A.N. , 2010. Phenolic, alpha-tocopherol, betacarotene and fatty acid com-

position of four promising jujube ( Ziziphus jujuba Miller) selections. J. Food Compos.

Anal. 23, 706–710 . 

anchez, M.D. , 2001. Mulberry as animal feed in the world. In: Proceeding of a Workshop

Mulberry for Animal Feeding in China, Hangzhou, PR China, pp. 1–7 May 14-17,

2001 . 

anchez, M.D. , 2002. World distribution and utilization of mulberry and its potential for

animal feeding. In: Sanchez, M.D. (Ed.). In: Inmulberry For Animal Production, 147.

FAO, Roma, Italy, pp. 1–9 Animal Production and Health Paper, Series . 

arkar, T. , Mogili, T. , Sivaprasad, V. , 2017. Improvement of abiotic stress adaptive traits

in Mulberry ( Morus spp.): an update on biotechnological interventions. 3 Biotech 7

(3), 214 . 

arkar, T., Mogili, T., Gandhi Doss, S., Sivaprasad, V., 2018. Tissue culture in mul-

berry ( Morus spp.) Intending genetic improvement, micropropagation and secondary

metabolite production: a review on current status and future prospects. In: Biotech-

nological Approaches for Medicinal and Aromatic Plants. Springer Nature Singapore

Pte Ltd, pp. 467–487. doi: 10.1007/978-981-13-0535-1_21 . 

enem, K., Ozge, S., Nihan, U., Esra, C., 2013. Antioxidant activity and polyphenol

composition of black mulberry ( Morus nigra L.) products. J. Berry Res. 3, 41–51.

doi: 10.3233/jbr-130045 . 

eo, K.H. , Lee, D.Y. , Jeong, R.H. , Lee, D.S. , Kim, Y.E. , Hong, E.K. , Kim, Y.C. , Baek, N.I. ,

2015. Neuroprotective effect of prenylated arylbenzofuran and flavonoids from Morus

alba fruits on glutamate-induced oxidative injury in HT22 hippocampal cells. J. Med.

Food 18, 403–408 . 

heng-qin, Z. , Wu, C. , 2003. A review on chemical constituents, pharmacological activity

and application of mulberry leaves. J. Chem. Ind. Forest Prod. 1, 1–8 . 

hi, D.M. , Lu, X.P. , Liu, L.Z. , 2005. Study on functions of soil and water conservation by

mulberry hedgerow intercropping of purple soil slopping farmland in three gorges

reservoir region. J. Soil Water Conserv. 19 (3), 75–79 . 

hih, P.H. , Chan, Y.C. , Liao, J.W. , Wang, M.F. , Yen, G.C. , 2010. Antioxidant and cognitive

promotion effects of anthocyanin-rich mulberry ( Morus atropurpurea L.): on senes-

cence-accelerated mice and prevention of Alzheimer disease. J. Nutr. Biochem. 7,

598–605 . 

himp, J.F. , Tracy, J.C. , Davis, L.C. , Lee, E. , Huang, W. , Erickson, L.E. , 1993. Beneficial

effects of plants in the remediation of soil and groundwater contaminated with organic

materials. Crit. Rev. Environ. Sci. Tech. 23, 41–77 . 

hirata, A. , Takahashi, K. , Takasugi, M. , Nagao, S. , Ishikawa, S. , Deno, S. , Munoz, L. ,

Masamune, T. , 1983. Antimicrobial spectra of the compounds from mulberry. Bull.

Seric. Exp. Sta. 28, 793 . 

http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0142
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0143
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0143
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0144
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0144
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0144
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0144
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0144
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0145
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0145
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0145
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0146
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0146
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0146
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0146
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0147
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0147
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0148
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0148
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0148
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0149
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0149
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0149
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0149
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0150
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0150
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0150
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0150
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0150
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0151
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0151
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0151
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0151
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0152
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0152
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0152
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0152
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0152
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0153
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0153
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0153
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0153
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0153
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0153
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0154
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0154
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0154
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0154
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0154
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0155
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0155
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0155
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0155
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0156
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0157
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0157
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0157
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0157
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0158
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0158
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0158
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0159
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0160
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0160
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0160
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0160
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0161
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0161
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0161
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0162
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0162
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0162
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0163
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0163
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0163
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0163
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0163
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0164
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0165
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0165
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0165
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0166
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0166
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0166
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0166
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0167
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0167
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0167
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0167
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0167
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0168
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0168
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0168
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0168
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0168
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0169
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0169
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0169
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0169
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0169
https://doi.org/10.1080/23311916.2016.1167990
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0171
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0171
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0171
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0171
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0172
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0172
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0172
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0172
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0172
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0173
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0173
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0173
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0173
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0173
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0173
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0174
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0174
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0174
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0174
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0174
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0174
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0175
https://doi.org/10.3390/ijerph15010016
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0177
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0177
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0177
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0177
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0177
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0177
http://www.lrrd.org/lrrd15/1/phin151.htm
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0179
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0179
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0179
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0179
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0180
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0180
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0180
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0181
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0181
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0181
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0181
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0181
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0182
https://doi.org/10.5814/j.issn.1674-764x.2012.04.006
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0184
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0185
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0185
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0185
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0185
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0186
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0186
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0186
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0187
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0187
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0187
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0187
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0187
https://doi.org/10.2174/2210681208666171204163015
https://doi.org/10.1016/j.btre.2020.e00417
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0190
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0190
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0190
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0190
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0191
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0192
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0192
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0192
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0193
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0193
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0194
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0194
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0195
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0195
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0195
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0195
https://doi.org/10.1007/978-981-13-0535-1_21
https://doi.org/10.3233/jbr-130045
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0198
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0199
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0199
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0199
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0200
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0200
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0200
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0200
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0201
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0201
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0201
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0201
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0201
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0201
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0202
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0203


G.K. Rohela, P. Shukla and Muttanna et al. Trees, Forests and People 2 (2020) 100011 

S  

S  

S  

 

S  

 

 

S  

S  

 

S  

 

S  

 

 

S  

 

S  

 

S  

 

 

S  

S  

 

S  

 

S  

S  

S  

T  

 

T  

 

T  

 

 

T  

 

 

T  

 

T  

 

T  

 

T  

T  

T  

 

V  

 

V  

 

V  

V  

 

V  

V  

V  

V  

V  

 

V  

W  

 

 

W  

 

 

W  

W  

 

W  

 

W  

 

W  

 

 

W  

 

W  

W  

W  

X  

 

X  

 

X  

 

X  

 

X  

Y  

Y  

 

Y  

Y  

 

Y  

 

Z  

 

Z  

 

Z  

Z  

 

hivakumar, G.R. , Anantha Raman, K.V. , Magadum, S.B. , Datta, R.K. , 1995. Medicinal

values of mulberry. Indian Silk 34, 15–16 . 

hizhen, L. , 2008. Compendium of Materia Medica. Foreign Language Press, p. 4400 IS-

BN-10: 7119032607 . 

houkat, M.A. , Ashraf, S. , Ali, M. , Iqbal, Z. , Shahzad, M.I. , Chaudary, H. , Sial, N. ,

Batool, Z. , 2014. The effect of cr (vi) on silkworm ( Bombyx mori ) fed on In

vitro accumulated mulberry leaves. Asian J. Agri. Biol. 2 (2), 119–128 . 

ingab, A.N. , El-Beshbishy, H.A. , Yonekawa, M. , Nomura, T. , Fukai, T. , 2005. Hypo-

glycemic effect of Egyptian Morus alba root bark extract: effect on diabetes and lipid

peroxidation of streptozotocin-induced diabetic rats. J. Ethnopharmacol. 100 (3),

333–338 . 

ingh, K.P. , 1997. Medicinal properties of mulberry: a review. Indian Drugs 34, 488–492 .

inghal, B.K. , Khan, M.A. , Dhar, A. , Baqual, F.M. , Bindroo, B.B. , 2010. Approaches to

industrial exploitation of mulberry (Mulberry sp.) fruits. J. Fruit Ornam. Plant Res.

18, 83–99 . 

irikanchanarod, A. , Bumrungpert, A. , Kaewruang, W. , Senawong, T. , Pavadhgul, P. ,

2016. The effect of mulberry fruits consumption on lipid profiles in hypercholes-

terolemic subjects: a randomized controlled trial. J. Pharm. Nutr. Sci. 60, 7–14 . 

ohn, H.Y. , Son, K.H. , Kwon, C.S. , Kwon, G.S. , Kang, S.S. , 2004. Antimicrobial and

cytotoxic activity of 18 prenylated flavonoids isolated from medicinal plants: morus

alba L., Morus mongolica Schneider, Broussnetia papyrifera (L.) Vent., Sophora

flavescens Ait and Echinosophora koreensis Nakai. Phytomedicine 11, 666–

672 . 

oo-ho, L. , Young-taek, K. , Sang-poong, L. , In-jun, R. , Jungsung, L. , Byung-ho, L. , 1990.

Sericulture Training Manual. FAO, Roma, p. 117 FAO Agric. Services Bulletin. No. 80 .

rivastava, R. , Kapoor, A. , Thathola, A. , Srivastava, R.P. , 2003. Mulberry ( Morus alba )

leaves as human food: a new dimension of sericulture. Int. J. Food Sci. Nutr. 54,

411–416 . 

trathearn, K.E. , Gad, Y. , Grace, M.H. , Roy, S.L. , Tambe, M.A. , Ferruzzi, M.G. , Wu, Q.L. ,

James, E.S. , Lila, M.A. , Roche, J.C. , 2014. Neuroprotective effects of anthocyanin- and

proanthocyanidin rich extracts in cellular models of Parkinson’s disease. Brain Res.

1555, 60–77 . 

u, G.X. , 1998. Relationship between metabolic variation of active oxygen and salt toler-

ance of mulberry under salt stress. J. Soochow Univ. 14 (1), 85–90 . 

udo, M. , Kuramoto, H. , Iso, M. , 2000. Studies on Functional Poultry Eggs. Effects of Mul-

berry Leaves on Quantity and Quality of Eggs. Bulletin of Ibaraki Prefectural Poultry

Experimental Station, p. 35 . 

ugiyama, M. , Takahashi, M. , Katsube, T. , Koyama, A. , Itamura, H. , 2016. Effects of ap-

plied nitrogen amounts on the functional components of mulberry ( Morus alba L.)

leaves. J. Agric. Food Chem. 64 6923e9 . 

ujathamma, P. , Savithri, G. , Kavyasudha, K. , 2013. Value addition of mulberry ( Morus

spp). Int. J. Emerg. Technol. Comput. Appl. Sci. 5 (4), 352–356 . 

undfor, W. , 2001. Evaluation of Strawbeery Cultivars for Jam With Focus on Colour

Characteristics. Agricultural University of Norway, Aas, p. 58 . 

uttie, J.M. , 2005. Morus Alba L. Grassland Species Profiles [M]. Food and Agriculture Or-

ganization (FAO), Rome, p. 2005 . 

akasugi, M. , Ishikawa, S. , Masamune, T. , 1982a. Studies on phytoalexins of the Moraceae

11. Albafurans A and B, Geranyl 2-Phenylbenzofurans from Mulberry. Chern. Lett.

1221 . 

akasugi, M. , Ishikawa, S. , Nagao, S. , Masamune, T. , 1982b. Studies on phytoalex-

ins of the moraceae 12. albafuran C, a natural diels-alder adduct of a dehy-

dro prenyl- 2-phenylbenzofuran with a chalcone from mulberry. Chern. Lett. 

1223 . 

akasugi, M. , Nagao, S. , Munoz, L. , Ishikawa, S. , Masamune, T. , Shirata, A. , Takahashi, K. ,

1979. The structure of phytoalexins produced in diseased mulberry. In: Proceedings

of the 22nd Symposium on the Chemistry of Natural Products, Fukuoka, Japan. Sym-

posium Paper, p. 275 Oct., 1979 . 

amilselvan, S. , Ashokkumar, T. , Geetha, R.K. , Govindaraju Singaravelu, G. , 2012. Bio-

genic silver nanoparticles’ Bombyxmori nuclearpolyhedrosis virus (BmNPV) inhibitory

mechanism. In: Geckeler, K.E., Rajendran, V. (Eds.), Nanobiomaterials. Bloomsbury

Publishers, London, pp. 203–208 . 

ateno, H. , Yatabe, T. , Iso, M. , 1999a. Studies on foliage of unused resources. Effects of

mulberry leaves on egg production as a poultry food. Bull. Ibaraki Prefect. Poult. Exp.

Stn. 33, 15–20 . 

ateno, H. , Yatabe, T. , Iso, M. , 1999b. Studies on functional poultry eggs. Effects of mul-

berry leaves on egg production as a poultry food. Bull. Ibaraki Prefect. Poult. Exp.

Stn. 33, 21–34 . 

chabo, W. , Ma, Y. , Kwaw, E. , Zhang, H. , Li, X. , 2017. Influence of fermentation parame-

ters on phytochemical profile and volatile properties of Mulberry ( Morus nigra ) wine.

J. Inst. Brew. 123, 151–158 . 

ewari, R.K. , Kumar, P. , Sharma, P.N. , 2008. Morphology and physiology of zinc-stressed

mulberry plants. J. Plant Nutr. Soil Sci. 171, 286–294 . 

ian, R.J. , 2014. Separation, purification and composition analysis of polysaccharides

from Mori fructus. West China J. Pharm. Sci. 29, 401–404 . 

rigueros, R.O., Villalta, P., 1997. Evaluación Del Uso de Follaje Deshidratado de Morera

( Morus alba ) en Alimentación de Cerdos de la Raza Landrace en Etapa de Engorde.

En: Resultados de Investigación, CENTA, El Salvador p150-155. 

enkatesan, N. , Devaraj, S.N. , Devaraj, H. , 2003. Increased binding of LDL and VLDL to

apo B, E receptors of hepatic plasma membrane of rats treated with Fibernat. Eur. J.

Nutr. 42, 262–271 . 

enkatesh, K.R. , Gautam, C. , Shobha, N. , Shankar, R.L. , 2015. Use of mulberry leaves as

supplementary food in cow and goat to improve milk production. Int. J. Appl. Res. 1

(13), 81–84 . 

enkatesh, K.R. , Chauhan, S. , 2008. Mulberry: life enhancer. J. Med. Plants Res. 2 (10),

271–278 . 
ezzani, V., 1938. La foglie di gelso nell’allimentazione delle vacche da latte. Annali della

Sperimentazione agrarian. Ministerio dell Agricoltura edelle Foreste, Roma. 29, 7–17.

ijayan, K. , 2010. The emerging role of genomic tools in mulberry ( Morus ) genetic im-

provement. Tree Genet. Genomes 6, 613–625 . 

ijayan, K. , Chakraborti, S.P. , Ghosh, P.D. , 2004. Screening of mulberry ( Morus spp.) for

salinity tolerance through in vitro seed germination. Ind. J. Biot. 3, 47–51 . 

ijayan, K. , Chakraborti, S.P. , Ghosh, P.D. , 2003. In vitro screening of mulberry for salinity

tolerance. Plant Cell Rep. 22, 350–357 . 

ijayan, K. , Chakraborti, S.P. , Roy, B.N. , 1998. Regeneration of plantlets through callus

culture in mulberry. Indian J. Plant Physiol. 3, 310–313 . 

ijayan, K. , Chakraborti, S.P. , Roy, B.N. , 2000. Plant regeneration from leaf explants of

mulberry: influence of sugar, genotype and 6-benzyladenine. Ind. J. Exp. Biol. 38 (5),

504–508 . 

ijayan, K. , Srivastava, P.P. , Raghunath, M.K. , Saratchandra, B. , 2011. Enhancement of

stress tolerance in mulberry. Sci. Hortic. 129 (4), 511–519 . 

ang, C. , Yin, L.Y. , Shi, X.Y. , Xiao, H. , Kang, K. , Liu, X.Y. , Zhan, J.C. , Huang, W.D. , 2016.

Effect of cultivar, temperature, and environmental conditions on the dynamic change

of melatonin in mulberry fruit development and wine fermentation. J. Food Sci. 81,

M958–M967 . 

ang, C.P. , Zhang, L.Z. , Li, G.C. , Shi, Y.W. , Li, J.L. , Zhang, X.C. , Wang, Z.W. , Ding, F. ,

Liang, X.M.J. , 2014. Mulberroside-A protects against ischemic impairment in primary

culture of rat cortical neurons after oxygen-glucose deprivation followed by reperfu-

sion. Neurosci. Res. 92 (7), 944–954 . 

ang, H. , Meng, B. , Han, H. , 2010. The discussion on mulberry as a green afforestation

tree species. North Seric. 31 (1), 45–47 . 

ang, Y., Xiang, L., Wang, C., Tang, C., He, X., 2013. Antidiabetic and antioxidant effects

and phytochemicals of mulberry fruit ( Morus alba L.) polyphenol enhanced extract.

PLoS ONE 8 (7), e71144. doi: 10.1371/journal.pone.0071144 . 

ang, Z.H. , Wu, Y.Y. , Zhang, Y.Z. , 2011. Analysis on organoleptic quality and nutrient

active ingredients of mulberry-leaf teas made by different processing techniques. Sci.

Seric. 37 (2), 272–277 . 

eber, J.T. , Lamont, M. , Chibrikova, L. , Fekkes, D. , Vlug, A.S. , Lorenz, P. , Kreutzmann, P. ,

Slemmer, J.E. , 2012. Potential neuroprotective effects of oxyresveratrol against trau-

matic injury. Eur. J. Pharmacol. 680 (1–3), 55–62 . 

ei, M. , Mahady, G.B. , Liu, D. , Zheng, Z.S. , Lu, Y. , 2016. Astragalin, a flavonoid from

Morus alba (mulberry) increases endogenous estrogen and progesterone by inhibiting

ovarian granulosa cell apoptosis in an aged rat model of menopause. Molecules 2016,

21 . 

enchu, L. , Kapalunenko, V. , Yeyuan, W. , Dimchev, V. , 2013. The bactericidal spectrum

and virucidal effects of silver nanoparticles against the pathogens in sericulture. J.

Anim. Sci. 3 (3), 169–173 . 

helan, J. , 2008. The health implications of changing linoleic acid intakes.

prostaglandins, leukotrienes essent. Fatty Acids 79, 165–167 . 

ithy, L.M. , Nguyen, T.T. , Wrolstad, R.E. , Heatherbell, D.A. , 1993. Storage changes in

anthocyanin content of red raspberry juice concentrate. J. Food Sci. 58, 190–192 . 

rolstad , 1976. Color and Pigment Analysis in Fruit Products. S Bulletin 624, Agricultural

Experiment Station. Organ State University, Coruallis . 

ia, M. , Qian, L. , Zhou, X. , Gao, Q. , Bruce, I.C. , Xia, Q. , 2008. Endothelium-independent

relaxation and contraction of rat aorta induced by ethyl acetate extract from leaves

of Morus alba (L.). J. Ethnopharmacol. 120, 442–446 . 

iao, H.X. , Lingli, Z. , Xueling, G. , 2017a. Phenolic compounds content and antioxidant

activity of mulberry wine during fermentation and aging. Am. J. Food Technol. 12,

367–373 . 

iao, T. , Guo, Z. , Sun, B. , Zhao, Y. , 2017b. Identification of anthocyanins from four kinds of

berries and their inhibition activity to 𝛼-glycosidase and protein tyrosine phosphatase

1b by HPLC-FTICR MS/MS. J. Agric. Food Chem. 65, 6211–6221 . 

ie, J.H. , Jin, M.L. , Morris, G.A. , Zha, X.Q. , Chen, H.Q. , Yi, Y. , Wang, Z.J. , Gao, J. , Nie, S.P. ,

2016. Advances on bioactive polysaccharides from medicinal plants. Crit. Rev. Food

Sci. Nutr. 56, S60–S84 . 

u, N. , Yu, Y. , Mao, P. , Du, X. , Peng, X. , Shi, X. , 2015. Research progress of remedying

the heavy metal contaminated soils with mulberry. J. Agric. 5 (1), 37–40 . 

amamoto, J. , Naemura, A. , Ura, M. , Ijiri, Y. , Yamashita, T. , Kurioka, A. , 2006. Testing

various fruits for anti-thrombotic effect: I. Mulberries Platelets 17, 555–564 . 

ang, X., Yang, L., Zheng, H., 2010a. Hypolipidemic and antioxidant effects of mulberry

(Morus alba L.) fruit in hyperlipidaemia rats. Food Chem. Toxicol. 48, 2374–2379.

doi: 10.1016/j.fct.2010.05.074 . 

ang, Y. , Gong, T. , Liu, C.H. , Chen, R.Y. , 2010b. Four new 2-arylbenzofuran derivatives

from leaves of Morus alba L. Chem. Pharm. Bull. 58, 257–260 . 

ang, Z.Z. , Wang, Y.C. , Wang, Y. , Zhang, Y. , 2012. Bioassay-guided screening and isolation

of 𝛼;-glucosidase and tyrosinase inhibitors from leaves of Morus alba . Food Chem. 131,

617–625 . 

uan, Q., Zhao, L., 2017. The Mulberry ( Morus alba L.) Fruit-A review of charac-

teristic components and health benefits. J. Agric. Food Chem. 65, 10383–10394.

doi: 10.1021/acs.jafc.7b03614 . 

hang, G. , Yang, J. , Zhao, X. , Feng, K. , Gao, X. , 1997. Study on the root system distribution

mulberry and its characteristics of soil and water conservation. Sci. Seric. 23, 59–60 .

hang, H., Ma, Z.F., Luo, X., Li, X., 2018. Effects of mulberry fruit ( Morus alba L.)

consumption on health outcomes: a mini-review. Antioxid. Basel Switz. 7 (5), 69.

doi: 10.3390/antiox7050069 . 

hang, M. , Chen, M. , Zhang, H.Q. , Sun, S. , Xia, B. , Wu, F.H. , 2009a. In vivo hypoglycemic

effects of phenolics from the root bark of Morus alba . J. Fitoter. 80, 475–477 . 

hang, M. , Wang, R. , Chen, M. , Zhang, H. , Sun, S. , Zhang, L. , 2009b. A new flavanone

glycoside with anti -proliferation activity from the root bark of Morus alba . Chin. J.

Nat. Med. 7 (2), 105–107 . 

http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0204
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0204
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0204
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0204
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0204
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0205
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0205
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0206
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0207
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0207
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0207
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0207
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0207
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0207
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0208
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0208
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0209
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0209
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0209
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0209
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0209
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0209
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0210
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0210
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0210
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0210
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0210
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0210
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0211
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0211
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0211
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0211
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0211
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0211
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0212
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0213
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0213
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0213
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0213
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0213
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0214
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0215
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0215
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0216
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0216
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0216
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0216
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0217
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0217
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0217
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0217
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0217
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0217
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0218
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0218
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0218
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0218
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0219
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0219
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0220
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0220
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0221
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0221
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0221
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0221
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0222
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0222
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0222
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0222
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0222
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0223
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0224
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0224
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0224
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0224
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0224
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0225
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0225
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0225
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0225
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0226
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0226
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0226
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0226
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0227
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0227
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0227
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0227
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0227
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0227
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0228
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0228
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0228
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0228
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0229
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0229
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0230
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0230
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0230
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0230
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0231
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0231
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0231
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0231
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0231
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0232
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0232
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0232
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0233
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0233
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0234
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0234
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0234
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0234
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0235
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0235
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0235
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0235
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0236
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0236
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0236
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0236
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0237
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0237
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0237
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0237
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0238
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0238
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0238
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0238
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0238
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0239
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0240
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0241
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0241
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0241
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0241
https://doi.org/10.1371/journal.pone.0071144
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0243
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0243
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0243
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0243
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0244
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0245
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0245
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0245
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0245
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0245
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0245
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0246
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0246
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0246
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0246
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0246
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0247
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0247
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0248
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0248
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0248
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0248
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0248
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0249
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0249
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0250
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0251
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0251
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0251
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0251
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0252
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0252
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0252
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0252
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0252
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0253
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0254
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0255
https://doi.org/10.1016/j.fct.2010.05.074
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0257
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0257
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0257
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0257
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0257
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0258
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0258
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0258
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0258
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0258
https://doi.org/10.1021/acs.jafc.7b03614
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0260
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0260
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0260
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0260
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0260
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0260
https://doi.org/10.3390/antiox7050069
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0262
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0263


G.K. Rohela, P. Shukla and Muttanna et al. Trees, Forests and People 2 (2020) 100011 

Z  

 

Z  

 

 

Z  

Z  

 

Z  

Z  

 

Z  

 

 

Z  

 

hang, Q. , Zhang, F. , Thakur, K. , Wang, J. , Wang, H. , Hu, F. , 2017. Insights into morin

from mulberry derived cell cycle arrest and apoptosis in human cervical carcinoma

HeLa cells. Food Chem. Toxicol. 112, 466–475 . 

hao, L.Y. , Wu, M.Y. , Xiao, C. , Yang, L. , Zhou, L.T. , Gao, N. , Li, Z. , Chen, J. , Chen, J.C. ,

Liu, J.K. , Qin, H.B. , Zhao, J.H. , 2015. Discovery of an intrinsic tenase complex in-

hibitor: pure nonasaccharide rom fucosylated glycosaminoglycan. Proc. Natl. Acad.

Sci. U. S. A. 112, 8284–8289 . 

hao, Q. , 2009. Dikan’er: the peculiar village at edge of desert. Xinjiang Humanit. Geogr.

(4) 078 . 

heng, S. , Liao, S. , Zou, Y. , Qu, Z. , Shen, W. , Shi, Y. , 2014. Mulberry leaf polyphenols delay

aging and regulate fat metabolism via the germline signaling pathway in Caenorhab-

ditis elegans . Agarose Gel Electrophor. 36, 9719 . 
hong, G. , 1982. The mulberry dike-fish pond complex: a Chinese ecosystem of land-water

interaction on the Pearl River Delta. Hum. Ecol. 10, 191–202 . 

hou, L. , Zhao, Y. , Wang, S. , Han, S. , Liu, J. , 2015. Lead in the soil-mulberry ( Morus

alba L.)-silkworm ( Bombyx mori ) food chain: translocation and detoxification. Chemo-

sphere 128, 171–177 . 

hou, M. , Chen, Q.Q. , Bi, J.F. , Wang, Y.X. , Wu, X.Y. , 2017. Degradation kinetics of cyani-

din 3-O-glucoside and cyanidin 3-Orutinoside during hot air and vacuum drying in

mulberry ( Morus alba L.) fruit: a comparative study based on solid food system. Food

Chem. 229, 574–579 . 

hu, M., Fan, X., Alberto, R., He, Q., Federico, V., Liu, B., Alessandro, G., Liu, Y., 2009.

Municipal solid waste management in Pudong New Area, China. Waste Manag. 29

(3), 1227–1233. doi: 10.1016/j.wasman.2008.07.016 . 

http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0264
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0265
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0266
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0266
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0267
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0268
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0268
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0269
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0269
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0269
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0269
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0269
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0269
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0270
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0270
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0270
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0270
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0270
http://refhub.elsevier.com/S2666-7193(20)30011-X/sbref0270
https://doi.org/10.1016/j.wasman.2008.07.016

	Mulberry (Morus spp.): An ideal plant for sustainable development
	1 Introduction
	2 Mulberry in environmental safety approach
	2.1 Role of mulberry in ecorestoration
	2.2 Role of mulberry in afforestation
	2.3 Role of mulberry in carbon sequestration
	2.4 Role of mulberry in water & soil conservation
	2.5 Role of mulberry in bioremediation of heavy metals

	3 Mulberry in human health
	3.1 Role of mulberry in ayurvedic system of medicine
	3.2 Nutritive values of mulberry
	3.3 As a source of phytopharmaceuticals

	4 Mulberry in animal husbandry
	5 Mulberry in economic empowerment
	5.1 Livelihood security for small and marginal farmers through sericulture
	5.2 As a component of integrated farming system
	5.3 By-product utilization in sericulture

	6 Industrial applications of mulberry
	6.1 Processed products of mulberry leaf
	6.2 Processed products of mulberry fruit

	7 Conclusion and future prospectives
	Declaration of Competing Interest
	Acknowledgement
	References


