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Potential role of mulberry fruits in biomedicine


Abstract:
Mulberries are flavorsome, delicate, healthy and toxin-free remarked as a third-generation fruit. Mulberry fruits can be freshly consumed or converted to edible food products viz., jams, jellies, pulps, sauces, cakes and food colorant. As the humans are facing many chronic lifestyle diseases, so the need for plant-based medicines are gaining momentum as they are safe, ecofriendly in naturehumans face many chronic lifestyle diseases, the need for plant-based medicines is gaining momentum because they are safe and eco-friendly. The mulberry fruit possess certain bio active compounds like cyanidin-3-O-rutinoside, anthocyanins, ascorbic acid, flavonoids, quercetin, moracin C, Melatoninpossesses certain bioactive compounds like cyanidin-3-O-rutinoside, anthocyanins, ascorbic acid, flavonoids, quercetin, moracin C, Melatonin, etc. These bio active compounds have various beneficial pharmacological properties such as anti-diabetic, anti-cancer, anti-hyperlipidemic, anti-microbial, hepatoprotective and antioxidant. Therefore, the mulberry fruit acquires importance and can be utilized as an ingredient for developing plant derivedplant-derived biomedicines for ameliorating various chronic diseases. 
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Introduction	
Mulberry is an economic plant widely grown in different parts of the world. Although all parts of the mulberry plant are beneficial to humankind, but the mulberry fruit has got the mulberry fruit has prime importance. The mulberry fruit is known for its antioxidant, functional, nutraceutical and medicinal properties (Singhal et al., 2010). The fruit of the mulberry is sorosis, shape is generally long, ovoid or cylindrical but the colour is variable from white, pink, purple to black due to the shape is generally long, ovoid, or cylindrical, but the colour is variable from white, pink, purple, to black due to the presence of anthocyanins (Hamid and Thakur, 2018; Akkarachaneeyakorn and Tintrat, 2015). Mulberry fruits can be freshly consumed or converted to edible food products like jams, jellies, sauces, cakes, beverages and food colorant (Liang et al., 2012). Mulberries are flavorsome, delicate, healthy and toxin-free remarked as a third-generation fruit (He at, and toxin-free, remarked as a third-generation fruit (He et al., 2005). It fascinates the panoramic adventure of utilizing mulberries in the food processing industries across the globe. The presence of some bioactive compounds like anthocyanin has imparted anti-obesity, anti-cholesterol, like anthocyanin, has imparted anti-obesity, anti-cholesterol, and hepato-protective properties to the mulberry fruits. Mulberry fruit has a bright prospect in medicinal field because of the paradigm shift towards plant derived drugs. The value addition of mulberry fruits in food industry enhances the economics of mulberry plant throughout the world. The industrial exploitation of mulberry fruits following standardized protocol improves the nutritional quality of valuable products and can be efficiently used in pharmaceutics due to its medicinal properties as well. The medicinal properties of mulberry plant open a new vista for industrial exploitation of mulberry fruits worldwide. Keeping in view the medicinal importance of mulberry fruits, the current review article is an attempt to elucidate various bio active compounds present in Morus fruits and exploit their potential for developing biomedicines against various diseases.
Importance of mulberry fruit
Mulberry is a wild dessert fruit composed of many essential nutrients, organic acids, and pectin in addition to coloring matter (Akbulut and Ozkan, 2009). Its fruit is beneficial to human health and provides antioxidant, antimicrobial, anti-inflammatory, anti-thrombotic and neuro-protective defense (Singhal et al., 2005; Byamukama et al., 2014). The major phytochemical composition of mulberry fruit includes anthocyanins, benzoic acids, flavonoids, flavanols and hydroxycinnamic acids possessing efficient antioxidant properties (Yang et al., 2016). The mulberry fruits possess fascinating attributes such as antioxidants and antimicrobial potential. The anthocyanins present in mulberry fruits potentially behave as hydrogen donors to prevent oxidation processes, thus minimizing the peril of chronic diseases viz., cancer and diabetes (Lazze et al., 2004). The phenols in mulberry fruit also possess a gamut of antimutagenic, anticarcinogenic properties and strengthens body defense against inflammation and problems relating nervous system (Gungor and Sengul, 2008). Its fruit juice has the potential to meliorate the blood, protection of liver damage, neutralization of internal secretions and boostsameliorate the blood, protect against liver damage, neutralize internal secretions, and boost immunity due to its anti-apoptotic properties. Due to high potential of anthocyanins, it can be potentially used in food industry as the high potential of anthocyanins, it can be potentially used in the food industry as a color additive. Anthocyanins being highly water soluble are exploited in fabric dyeing process in textiles and as food colorant in food industries, being highly water-soluble, are exploited in the fabric dyeing process in textiles and as food colorants in the food industry. Cyanin is the red or purplish colored pigment due to which fruit color is red or purple color such as, cyaniding-3-glucoside and cyaniding-3-rutinoside, such as cyanidin-3-glucoside and cyanidin-3-rutinoside (Zhang et al., 2018) (Table 1). These pigments potentially regulate diet mechanisms to prevent many diseases (Byamukama et al., 2014). The highly promising cultivars for fruit yield are black mulberry (Morus nigra), red mulberry (Morus rubra), Himalayan mulberry (Morus laevigata), white mulberry (Morus alba), Indian mulberry (Morus indica) etc., and their hybrid forms (Singhal et al., 2010). In the Indian sub-tropical conditions of Union territory of Jammu & Kashmir, fleshy sweet fruits are produced from many mulberry varieties viz., S-146, Tr-10, Chinese white, MS-9404 and Mandalaya during the spring season. 
Nutraceutical applications of mulberry fruits
Antimicrobial
A remarkable research proceeding has been reported in relation to the antimicrobial applications of mulberry fruits till to date. A bioactive compound, Morin extracted from M. alba fruits showed anti-bacterial activity against bacteria, Streptococcus mutans (Yang and Lee, 2012; Jan et al., 2021). An anti- microbial potential against bacteria Bacillus spizizenii and Pseudomonas aeruginosa was reported from fruit juice extracted from M. nigra when compared with conventional antibiotics against bacterial strains. The M. nigra fruits results depicted a wide range of anti-microbial against bacteria with fruit results depicted a wide range of antimicrobial activity against bacteria, with the highest inhibition against P. aeruginosa (Manolakaki et al., 2010; Khalid et al., 2011). Its flavonoid extract was also found to show anti-microbial properties against bacteria viz., E. coli, P. aeruginosa and S. aureus which cause inflammation (Chen et al., 2017; Lim et al., 2019). The lion’s share of fungal infections in the world is caused by Candida species (Manolakaki et al., 2010; Lim et al., 2019). The aqueous and methanol extracts of mulberry fruits were evaluated against candida spp. and both revealed anticandidal effect against four candida species viz., Candida parapsilosis, Candida tropicalis, Geotricum candidum and Candida albicans (Lim et al., 2019; Yigit and Yigit, 2008).
Anti-hyperlipidemic
The nutrient accumulation of cholesterol in serum causes hypercholesterolemia that poses a risk coronary heart disease and atherosclerosis (Kannel et al., 1979; Lim et al., 2019). It was reported that M. nigra fruit can lower the mean body weight in rats and prevent the development of atherosclerosis (Jiang et al., 2017; Lim et al., 2019). The reduction in liver lipids and efficient functioning of low-density lipoproteins (LDL) was revealed by the consumption of mulberry fruits (Vanketesan et al., 2003; Rohela et al., 2020), hence prescribed for hypercholesterolemia (Sirikanchanarod et al., 2016; Rohela et al., 2020) and antherosclerosis disease (Chen et al., 2005; Rohela et al., 2020). The dietary fiber in mulberry fruits improves the LDL- receptor action and prevents hepatic lipogenesis (Vankatesan et al., 2003; Yang et al., 2010). The hypolipidemic effects of mulberry fruit is due to the presence of high linoleic acid content and dietary fiber (Zhang et al., 2018). Mulberry fruit extract reduced the body weight and visceral fat induced by high fat diet and visceral fat diet respectively. It simultaneously reduced serum triacylglycerol, Cholesterol, maintains ratio of low density and high-density lipoproteins and free fatty acids. Hence, mulberry fruit extracts can regulate lipolysis, lipogenesis and can reduce body weight (Peng et al., 2011; Zhang et al., 2018).
Hepatoprotective
The remaining component after juicing of mulberry fruit in the solid form produces fruit marc, rich in anthocyanins induces fibrosis of liver and reduced the content of Alanine transaminase, aspartate, collagen type-III hyaluronidase acid, which induces fibrosis of the liver and reduces the content of Alanine transaminase, aspartate, collagen type-III hyaluronidase acid, and hydroxyproline in rats (Li et al., 2016). The mulberry fruit extract was found oxidize and suppress formation of fatty acids (Chang et al., 2013, Zhang et al., 2018). It is assumed that mulberry fruits might prevent storage of fats in liver cells in non-alcholics, thereby may control non-alcholic fatty liver disease (NAFLD). The hepatoprotective effects of M. nigra fruits were observed in HepG2 (Hepatocellular carcinoma cell line) cells and lead to significant reduction in enzyme activities in comparison to control (Youssef et al., 2017).  The antioxidant activity of Superoxide Dismutase (SOD) and Glutathione peroxidase (GPx) increased while activity of biomarkers, hepatic capase-3 (Cell apoptosis biomarker) and 8-oxo-2’- deoxyguanosine (Oxidative stress biomarker) decreased in the rat cells due to M. nigra fruits (Deniz et al., 2018).
Anti-oxidant
The antioxidant property of Mulberry fruits is due to the high content of anthocyanins. The studies revealed that black mulberry constitutes a reservoir of antioxidants as compared to other mulberry species. The antioxidant properties of M. nigra fruits have been reported by different researchers by in vitro methods such as,using in vitro methods such as DPPH (2,2-diphenyl-1-picrylhydrazyl) (Lim et al., 2019). The phenolic compounds extracted from M. nigra fruits were evaluated for antioxidant potential by radical scavenging assay (Souza et al., 2017; Zeni et al., 2017), reducing power assay (Arfan et al., 2012; Wang et al., 2018), lipid peroxidation assay (Volpato et al., 2011), of antioxidants and its the impact on atherosclerosis in rats. The Antioxidant enzyme activity assay (Jiang et al., 2017) H2O2 scavenging assay (Celep et al., 2015), phosphor molybdenum assay (Ionica et al., 2017; Celep et al., 2015), and ROS measurement (Li et al., 2018) was were used to evaluate the antioxidant potential in white, black mulberry, etc. 
Anti-diabetic
The defects of insulin secretion led to hyperglycemia and causes diabetes (Kalafoutis et al., 2007). The feeding of two mulberry fruit polysaccharides, MFP50 and MFP90 to rats diagnosed with diabetes significantly declined the fasting glucose, fasting serum insulin levels after seven weeks when compared to control rats fortified with pure water. The serum insulin level reduced upon feeding of two polysaccharides MFP50 and MFP90 (Jiao et al., 2017). The mulberry fruit extract when fed to rats suffering from diabetes, when fed to rats suffering from diabetes, significantly reduced the glucose and glycosylated protein in serum and enhanced the antioxidant activities (Wang et al., 2013). The mulberry fruit polysaccharides fed to diabetic mice enhanced the insulin level and B-cell lymphoma 2 (bcl-2) expressions (Xu et al., 2015). The resistance to insulin and leptin was found to improve due to anthocyanin rich mulberry fruit extract (Yang et al., 2016). The mulberry fruit possesses anti-hyperglycemic as well as anti-hyperlipidemic effects, which clearly depicts the role of mulberry fruits in treating the depict the role of mulberry fruits in treating diabetes (Jiao et al., 2017; Wang et al., 2013; Guo et al., 2013).
Anti-obesity
The break-up of fat (Lipolysis) and build-up of fat (lipogenesis) controlsbreakdown of fat (Lipolysis) and the buildup of fat (lipogenesis) control the body fat. The mulberry fruit was found to regulate both the processes and thereby controlling control body weight. The mulberry fruit extract was found to reduce the body weight, fasting glucose level and insulin synergistically with mulberry leaf extract in the mice fed with high fat diet. However, at higher doses, the synergistic effect of both extracts of fruit and leaf increased the glucose while decrease in protein content of manganese SOD, nitric oxide synthase, chemo-attractant protein-1, CRP (C-reactive protein), tumor necrosis factor (TNF)decreasing the protein content of manganese SOD, nitric oxide synthase, chemo-attractant protein-1, CRP (C-reactive protein), tumor necrosis factor (TNF), and interleukin-1(Lim et al., 2013). Hence this combination was found to possess anti-obesity properties and regulates oxidative damage and inflammation caused by obesity effectively.  The mulberry fruit extract when fed to male hamsters showed reduced visceral fat and body weight induced by high fat diet which also led to reduce triacylglycerol content in serum, cholesterol content, ratio of low density and high-density lipoproteins and free fatty acids (Peng et al., 2011). 
Anti-cancer
The permanent unregulated growth and proliferation of cell, driven by avoidance of programmed cell death (apoptosis) causes the life-threatening disease called cancer (Yang et al., 2016). The M. nigra fruit extract in combination with moringa extract significantly reduced viability of HT-29 cell line which cause human colorectal cancer (Cakiroglu et al., 2017).  The M. nigra fruits were found to suppress the growth of malignant cells when observed for human adenocarcinoma cell lines and prevented apoptosis as well (Cakiroglu et al., 2017; Ahmed et al., 2016; Turan et al., 2017). Both extracts (fresh and dried) of M. nigra revealed the anti-cancer effects against MCF-7 cell line which causes human breast cancer. However, the fresh fruit extract of M. nigra effectively improved DNA fragmentation inductions with reduced mitotic indexes.  The ethanolic fruit extract dose of M. nigra prevented growth of human breast cancer cell line, morphological changes in cytoplasmic membranes, nuclei and cell body due to apoptosis (Ahmed et al., 2016). An average cytotoxicity was observed on PC-3 cells encouraged growth phase (G0/G1) and suppressed synthetic phase of cell cycle due to M. nigra fruit extract. Hence, inhibited the development of cell cycle against PC-3 cells (Turan et al., 2017). The feeding of mulberry fruit extract to mice, successfully inhibited growth of atypical glandular cells and tumour xenograft in addition to prevention of gastric carcinoma (Huang et al., 2011).
Anti-inflammatory
The flavonoid extracts of M. nigra fruit were found to suppress the accumulation of excess fluids in ear and paw of mice induced by xylene and carrageenan respectively in addition to a decrease in cytokine levels, including IL-1 (Interleukin), TNF (Tumor Necrosis Factor), NO (Nitrous Oxide) and interferon-gamma (IFN-) (Chen et al., 2016a).
Neurodegenerative
Mulberry fruits possess medicinal properties and are useful in treating neuronal dysfunctions and neurodegenerative diseases as well. The bioactive substances viz., polyphenolics and alkaloids can prevent degeneration of neurons and enhances cognitive functions of nervous system (Mohebbati et al., 2017; Jan et al., 2021). It was reported that mulberry fruits manifest cryoprotective effects on PC12 cells in vitro exposed to hydrogen peroxide due to presence of cyanidine- 3-glucoside (C3G) anthocyanin subtype. The C3G anthocyanins also revealed neuroprotective effects over damage of ischemic cerebra due to oxygen glucose deprivation (OGD) in vivo (Kang et al., 2006). The rutin and quercetin (non-anthocyanins) in Morus fruits also possess neuroprotective properties (Shih et al., 2010; Isabelle et al., 2008). These compounds play a crucial role in preventing Parkinson’s disease (PD). Morus alba fruit extract by ethanol treatment revealed neuroprotective effects in in vitro conditions on dopaminergic neuron influenced with 6-hydroxydopamine (6-OHDA). The same results of ethanolic extract of mulberry fruits were also reported in vivo (Kim et al., 2010). The lyophilized mulberry fruit powder reduced the oxidative stress-induced apoptosis in mice due to the adequate presence of antioxidant enzymes and protective brain derived neuro-trophic factors (Shin et al., 2021; Jan et al., 2021).
Anti- melanogenicAnti-melanogenic (Skin- whiteningSkin-whitening)
The tyrosinase activity cause abnormal melanin production called hyperpigmentation which is a major skin relatedcauses abnormal melanin production called hyperpigmentation, which is a major skin-related problem (Briganti et al., 2003; Solano et al., 2006). Tyrosinase inhibitors are gaining importance to treat skin diseases and improve skin-whitening. It was reported that tyrosinase inhibitory activity of mulberry fruits can be increased and optimized by extracting through microwave in varied conditions.  The highest tyrosinase inhibitory activity of mulberry fruits was reported with the large amount of cyanidine- 3-glucosidecyanidine-3-glucoside (C3G) content (13.28 mg/g). Therefore, the mulberry fruits pose the great potential of anthocyanins for tyrosinase inhibition, essential for treating skin diseases (Slominski et al., 2004; Lim et al., 2018).

Table 1: Biochemical compounds of mulberry fruits and their pharmacological activities.
	Biochemical compound
	Species
	Pharmacological activity
	References.

	Cyanidin-3-O-rutinoside
	Morus nigra
	Anti-Oxidant
	Kamiloglu   et al. [2013]

	Anthocyanins
	Morus rubra
	Anti-Oxidant
	Ozgen et al. [2009]

	Chlorogenic acid and Rutin
	Morus alba
	Anti-Oxidant
	Natic et al. [2015]

	Ascorbic acid
	Morus nigra
	Anti-Oxidant
	Eyduran et al. [2015]

	Anthocyanins
	Morus atropurpurea
	Anti-Oxidant
	Shih et al. [2010]

	Non-anthocyanin phenolics 
	Morus alba
	Anti -oxidant
	Zhang et al. [2009]

	Isobavachalcone, Morachalcone
	Morus alba
	Anti-Diabetic
	Wang et al. [2013]

	Flavonoids 
	Morus spp.
	Anti-Diabetic
	Xiao et al. [2017]

	Anthocyanins
	Morus alba
	Anti-Diabetic
	Choi et al. [2016]

	Quercetin
	Morus alba
	Anti-Diabetic
	Wang et al. [2006]

	Anthocyanins 
	Morus spps.
	Anti-Atherogenic
	Chen et al. [2005]

	Odisolane 
	Morus alba
	Anti-cancer
	Lee et al. [2016]

	Cyanidin 3-rutinoside
	Morus spps.
	Anti-cancer
	Chen et al. [2006]

	anthocyanins
	Morus spps
	Anti-cancer
	Chen et al. [2016b]

	Cyanidin-3-Glucoside
	Morus spp.
	neuroprotective
	Kang et al. [2006]

	Prenylated arylbenzofuran
	Morus alba
	neuroprotective
	Seo et al. [2015]

	Oxyresveratrol
	Morus sppsspp.
	neuroprotective
	Chao et al. [2008]

	Anthocyanins 
	Morus alba
	neuroprotective
	Kim et al. [2010]

	Proanthocyanidins
	Morus alba 
	neuroprotective
	Strathearn et al. [2014]

	Moracin-C
	Morus alba
	Anti-hyperlipidemia
	Pel et al. [2017]

	Moracin-C
	Morus indica
	Anti-hyperlipidemia
	Andallu and Varadacharyulu [2002]

	Melatonin (N-acetyl-5- methoxytryptamine)
	Morus spps.
	Anti-inflammatory
	Wang et al. [2016]

	Pyrrole Alkaloids
	Morus alba
	Macrophage Activating Activity
	Kim et al. [2013]

	Kaempferol-3-O-glucoside
	Morus alba
	Promotes synthesis of female hormones (Oestrogen and Progesterone)
	Wei et al. [2016]



Conclusion
The tremendous potential of mulberry fruits can be utilized for production of high nutritional valuethe production of high-nutritional-value functional food products. It is loaded with different essential compounds viz., polyphenols, antioxidants etc., possessing several beneficial effects including antimicrobial, anti-inflammatory, antidiabetic, anti-obesity, etc., possessing several beneficial effects including antimicrobial, anti-inflammatory, antidiabetic, anti-obesity, and anticancer properties. Being readily available almost everywhere, the mulberry fruits can therefore be used for developingmulberry fruits can be used to develop biomedicines for treating various chronic diseases.
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