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ABSTRACT 

This study was focused on the investigtion of phytochemical contents and medicinal 

values of Diospyros kaki and Diospyros malabarica, plant species of Ebenaceace family. In this 

study plant organs (root, leaves, bark, stem, ripe and unripe fruit) were sequentially extracted 

using different organic solvents (Petroleum ether, dichloro methane, ethyl acetae, ethanol, 

methanol and water) in increasing order of polarity from less polar to more polar solvents. After 

this, phytochemical screening was carried out qualitatively (flavonoids, terpenoid, saponins and 

tannins) as well as quantitatively (total phenolic and flavonoid contents) using standard 

protocols. Similarly, biochemical analysis was determined such as enzymatic, non-enzymatic & 

hydrolytic enzymes along with some other bio-chemical assays to assess their anti-oxidant 

potential. Furthermore, biological activities like antibacterial, antifungal, anticancer, anti-diabetic 

and anti-inflammatory were investigated.  In the end, this research work was followed up out 

using D. kaki and D. malabarica aqueous extracts of leaves, bark & unripe fruit extracts for 

green synthesis of ZnONPs and characterization of these biosynthesized ZnO NPs was  then 

executed by  different spectroscopic techniques like FTIR, XRD, FESEM, EDS and UV-Visible 

spectroscopy. 

We found good extraction yield and phytochemicals (tannins, flavonoids, saponins & 

terpenoids) in all solvent extracts of D. kaki & D.malabarica but highest extraction yield and 

presence of phytochemicals were observed in more polar solvents than non-polar.  In parallel, 

among studied plant parts of both plants, leaves and unripe fruit extracts of D. kaki and bark 

extract of D. malabrica showed greatest extraction yield and phytochemical contents. So plant 

parts having highest yield and phytochemical contents in methanol and ethanol were screened 

out for further quantitative analysis of TPC and TFC and evaluation of invitro biological 

activities like anti-inflammatory, anti-diabetic, anticancer, antifungal and antibacterial. It is it is 

noteworthy that methanol extract of Diospyros kaki leaves exhibited highest TPC and TFC  

along with significant biological activities (anti-inflammatory,anticancer and antibacterial againt 

E.coli) while antifungal, anti-diabetic and antibacterial against streptococcus activities were 

shown by ethanol unripe fruit extract. Among plant parts of D.malabarica, methanol bark extraxt 

demonstrated more TPC and TFC with evaluation of significant biological activities.  Likewise 

in biochemical analysis, abunadance of antioxidants and biochemical parametrs was found in 

bark extract of D. malabrica and leaves and unripe fruit extracts of D. kaki.  Green synthesis of 
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nanosized particles in this study was found simple, safe, economic and eco-friendly. 

Biosynthesized ZnO nanoparticles were measured in both plant parts and found an absorption 

peak at 380 nm by UV-Visible spectrophotometer. Further, FESEM analysis showed the size 

approximately in range of 40-50 nm in D. kaki and 20-30 nm in D. malabrica. XRD analysis 

attested the crystallinity of ZnO NPs while EDS study exposed the presence of two peaks of Zn 

and oxide ions in nanoparticles. Functional groups of phytochemicals indicated by FTIR analysis 

were amines, alcohols, alkanes, and phenols in plant parts could be exposed for capping as well 

as stabilization of nanoparticles.   

Collectively, these findings concluded the fact that D.kaki and D.malabarica could be 

capitalized in pharmaceutical herbal drugs. Our findings suggest a promising antioxidant 

potential especially for methanol leaves and unripe fruit extracts of D. kaki and bark extract of D. 

malabarica to cure various ailments related to oxidative damage, aberrant inflammatory, 

microbial and diabetic responses due to abundance of antioxidants and antioxidant containing 

phytochemicals. However, further characterization of these bioactive compounds is 

indispensable. Besides, superficial and green methodology may offer a helpful approach to vast 

scale synthesis of different nanoparticles that have developing benefits in bio-technology.
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Chapter 1 

INTRODUCTION 

1.1 Importance of medicinal plants  

The importance of plant is not hidden from anyone. From beginning, the plants due to 

therapeutic potential are considered to have close association with the people. All through ages, 

people have depended on nature for their essential requirements such as foodstuffs, shield, attire, 

methods for transportation, composts, flavors and not minimum, pharmaceuticals. Traditional 

medicine usage is an essential part of health care delivery in moist of the developing countries. 

(Mahajan and Chaudhari, 2012; Begum et al., 2015; Ngbolua et al., 2015).  

It is accounted for numerous established books of numerous antiquated nations that the 

aromatic, therapeutic plants, herbs and flavors are utilized by people as regular food also these 

yield and create the valuable restorative compounds (Lubbe et al., 2011). Sacred Quran is only 

the review allusion books telling florae siginificance in various Surahs like Al-Inaam, Al-

Rehman, and Al-Momeenoon & Al-Bakra. The sacred Quran from beginning has an explanation 

and encloses each component of existence & is brimming with astuteness and learning. It states " 

We have ignored  nothing in this sacred Quran"" (Khan et al., 1994). 

Hazrat Mohammad (PBUH) used definite plants & proposed different restorative plants 

to cure regular infections. His endorsements for drugs were renowned via His life partners 

(Radeyallāhu ′Anhu) & friends (Radeyallāhu ′Anhu) & continue on accessible to Muslims 

current Islamic medication presented by Hazrat Adam (alayhi s-salām) and were settled on Holy 

prophet (PBUH). Anyway, see the marvels and collecting these medicines is quite preserving 

after the death of our Hazrat Mohmmad (PBUH) worldwide (Yari et al., 2011). The historical 

backdrop of Islamic pharmaceutical was in advancement frame from 2
nd

 century AH; Abd al –

Malik ibn Habib Undlasi assembled his first book entitled "Tib-e-Nabvi (Yari et al., 2011; 

Koshak et al., 2012).  

In earliest Greece, for instance, researchers classified herbs and provided description of 

these plants in this manner supporting the identification procedure. There is still much we can 

gain from researching the old herbals, especially those less notable, for example, the one credited 

to the priest J. B. Harbonus. Considerably, little is thought regarding separation of quinine via 



2 
 

J.B. Caventou & J. B. Pelletier (Phillipson, 2001). These investigations prompted enthusiasm for 

herbs since modern age & campaigns worn relatively impassable forests and wildernesses to 

explore new drugs (Wiersum et al., 2006). 

Green medication is presently more prevalent than synthetic ones. Plant-based foods are 

complex mixtures of phytochemicals can combine a wide variety of chemical substance 

intensifies that are utilized to perform vital biological activities ( ; Savithramma et al., 2011; 

Savithramma and Ankanna, 2012; Nair et al., 2017). As indicated by World Health Organization, 

around 80% populace in developing nations relies upon traditional prescription for the essential 

medicinal services (Mehra et al., 2014). These have assumed a huge job in enhancing human 

wellbeing and in addition building up the standard of human life. Along these lines, the greater 

part of the drugs are currently obtained from the plants sources (Gürbüz et al., 2005).  

Phytochemicals found in food are already included in our daily diet plan. In fact, most 

foods have these natural products with the exception of some refined sustenance, for example, 

sugar or alcohol. Research study acclaims that phytochemical constituents present in 

nuts,vegetables  and fruits contain cancer prevention agent lessen the oxidative stress in cells & 

reduce the hazard of several diseases slike tumor, stroke ,coronary disorder, hypertension, 

urinary tract ailments,  cataracts and osteoporosis (Biesalski, 2008). There are different 

endogenous and exogenous ways to have antioxidants. Endogenous ways  which include 

enzymatic antioxidant, for example, catalase, SOD, glutathione, POD & antioxidants with less 

atomic weight  while  ways of exogenous antioxidants are food and therapeutic plants (Pai 

Kotebagilu et al., 2014). 

1.2 Phytochemistry 

Naturally plant synthetic substances apart from traditional nutrients that usefully affect 

human health were named "phytochemicals" (Dillard et al., 2000). The most essential sources of 

medications and drugs in restorative plants are phytochemicals. These have restorative and 

therapeutic conduct and activities (Mehdinezhad et al., 2016; Rauf et al., 2017). Phytochemicals, 

for example, carotenoids and vitamins (A, C, E and K), polyphenols, alkaloids, tannins, 

terpenoids, flavonoids, saponins and color have antimicrobial and antioxidant activity (Kennedy 

and Wightman, 2011). Phytochemicals displaying natural activities like antifungal, 

antimicrobial, anticancer and antihypertensive activities and in addition anti-oxidative function 

(Malik et al., 2017). 
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All plants create and deliver the synthetic and natural compounds as elements of their standard 

metabolic behavior and activities. Phytochemicals can be categorized into two fundamental 

classes on premise of their synthetic nature like; 

 Primary metabolites 

 Secondary metabolites. 

1.2.1 Primary metabolites 

Essential metabolites, for example, fats, oils, starches, chlorophylls, proteins and sugars 

which originate in all plants (Balakrishnan and Sharma, 2013; Malik et al., 2017). 

1.2.2 Secondary metabolites 

Plants as a general rule deliver a great deal of secondary metabolites which are 

synthesized biologically obtained from primary metabolites. They make significant item for 

some sicknesses. They additionally delivered numerous pharmaceutical medicines 

(Duraipandiyan et al., 2006). Secondary metabolites make in a less imperative amount in herbs, 

playing a perfect and particular function in the plants  (Kamboj and Saluja, 2010).  Pigments and 

secondary metabolites contain healing activities in people which may be progressed to create 

medicines (Chopra and Doiphode, 2002b). For example, insulin is obtained from Dahlias plant 

roots. Poisonous herbs have been utilized in medicinal industry for the improvement of drugs 

and medications, for example, cinchona morphine and codeine from poppy, and dioxins from the 

foxglove (Alamgir, 2017a).  

Vegetables and fruits are critical part of human food and play imperative role to keep up 

their fitness. The health supporting possibilities related their utilization are predominantly 

because of quality of bioactive parts and these phytochemicals are definite bioactive particles 

generally recognized due to their advantageous play in human bodily processes (Manach et al., 

2004). The consumption of natural constituents rely on the utilization tea, vegetables and fruits 

and so forth (Xing et al., 2001; Miller and Snyder, 2012). This food stuff give shield against 

different physiological dangers because of antioxidants found in them including polyphenol, 

tocopherols and carotenoids (Sakanaka et al., 2005b) and free radical scavenging impacts (Zhang 

et al., 2015). 
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1.2.2.1 Flavonoids 

These are polyphenolic natural products that are abundantly present. More than 4,000 

flavonoids have been recognized, a large number of which are found fruit drinks, fruits, tea, 

coffee and vegetables (Atmani et al., 2009) and has a place with a group of normal compounds 

having different phenolics structures (Purane and Vidyadhara, 2015b).  

1.2.2.2 Terpenoids 

Terpenoids, which found the most copious and basically various groups of plant 

secondary metabolites, play a vital part in plant-pathogens and plant-plant collaborations 

(Dudareva et al., 2005). Plant-based terpenoids have been utilized by people in the food, 

pharmaceutical, and chemical industries (Tholl, 2015). Research has demonstrated that 

terpenoids in plants increase tumor inactivity and diminishing tumor assortment (Preedy, 

2014). Terpenoids in different herbs have potent antioxidant functions. The isoprenoids are 

valuable disease chemopreventive agents as they suppress tumor development by repressing 

HMG-CoA reductase (Denoyelle et al., 2003). Numerous protective compounds incorporate 

sesquiterpenoids and diterpenoids from angiosperm species. A few terpenoids are naturally 

dynamic and are explored in the fight against tumor, malaria, irritation, and an assortment of 

irresistible ailments (Mbaveng et al., 2014). Phytocannabinoid– terpenoid connections could 

create synergy concerning treatment of agony, aggravation, depression, nervousness, addiction, 

epilepsy, cancer, parasitic and bacterial infections (Russo, 2011).  

1.2.2.3 Saponins 

Monetarily, saponins appear in foods & cosmectics as emulsifiers or sweetners  (Harvey 

et al., 2015). Saponins are secondary metabolites with specific natural properties (Moses et al., 

2014). Some sources of the saponins are soybeans and peas like grains while in plants like 

vegetables and yucca likewise contain it. In aqueous arrangement they shape a steady froth as 

soap that is why called saponins (Rode et al., 2013). Chemically, saponins comprise a group of 

compounds which may be alkaloids, triterpenoids, and glycosylated steroid (Mugford and 

Osbourn, 2012) 

Many plant-derived saponins are at present utilized as vital pharmaceuticals in the 

healing of various diseases in customary and conventional pharmaceuticals (Atanasov et al., 

2015). Saponins shield the plants from insects and advantageous to human in light of the fact that 

have capability of antimicrobial, cancer prevention agents and antiviral activities (Ravikumar et 
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al., 2010). Basically, these diverse compounds have also been determined to demolish 

protozoans and molluscs, to be disease counteractive action operators, to hinder the absorption of 

protein & the use of minerals and  vitamins in the gut, to cause hypoglycaemia, and to carry on 

as antiviral & antifungal activities (Traore et al., 2000). 

1.2.2.4 Tannins 

Tannins are found generally in natural products, for example, blueberry grapes, 

persimmon, chocolate vegetable scavenges,  tea, vegetable trees as Acacia spp., Sesbania spp., in 

grasses i.e; sorghum, corn, and so on. A few medical advantages have been perceived from the 

consumption of tannins and few epidemiological relationships having reduced chronic maladies 

frequency have been set up (Serrano et al., 2009). In medication , especially in Japan and China, 

herbal recovery, the plant inferred extract comprising of tannins are utilized as astringents 

against numerous sicknesses, for example, loose bowels, diuretics, stomach torment and 

duodenal tumors (De-Bruyne et al., 1999) and are utilized as germicide, cancer prevention agent 

and anti-inflammatory recommended drugs (Dolara et al., 2005). 

1.2.2.5 Phenolics 

Phenolic, the biggest class of phytochemicals is mostly appropriated in the plant domain. 

Three greatest essential groups of dietary phenolics are phenolic acids, polyphenols & flavonoids 

(Kesarwani et al., 2014). A class of chemical compounds which contain hydroxyl group (- OH) 

straight forwardly connected to an aromatic hydrocarbon group are known as phenolics. Phenol 

(C6H5OH) belongs to simplest group of phenolics found in natural products (Alamgir, 2017b). 

Plant kingdom contains extensive sum on phenolic compound and phenolic phytochemicals 

which can be effectively extricated from fruits and vegetables. They regulate growth stages and 

control physical function of plant as signaling particle in environment ( Zhu et al., 2011). 

Investigations accommodated that the utilizations of natural product which are rich in phenolic 

phytochemicals have human medical advantage (Cai et al., 2004).  

So, these phenolic phytochemicals have been pulled in food supplement and 

pharmaceutical science, anyway these phytochemicals ingested in human body at moderate rate.  

Plant secondary metabolites have a vital role as defender. Phenolics show few properties 

valuable to people and its antioxidant capability are essential in their crucial job as securing 

agents against free radical-facilitated ailments (Chen et al., 2014). 
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1.3 Biological activities 

1.3.1 Antimicrobial activity  

Remedial properties of therapeutic plants are exceptionally useful in restoring distinctive 

illness. From several years, in various areas of the world restorative plants have been utilized for 

its antifungal, antibacterial and antiviral activities (Barbour et al., 2004). These plants have 

biologically dynamic parts having high antioxidant potential, or, in other words hindrance of 

various sicknesses (Asif, 2015). Usually, microorganisms have genetic ability to exchange and 

enhance encounter to drugs which are utilized as  remedial operators (Brooke et al., 2017) that is 

the reason it has turned out to be presently fundamental to find another treatment activities for 

bacterial infections (Rangel-Vega et al., 2015). Plant containing prescriptions have no side 

effects (David et al., 2015). D. malabarica indicated antibacterial potential particularly the stem, 

bark and ripe fruit is accounted for antibacterial action (Jamil et al., 2017).  

Antimicrobial exercises have uncovered that gram-positive microscopic organisms 

demonstrate a lesser protection from plant extracts than gram-negative microbes. This is due to 

the distinction in the cell wall structures of gram-negative and gram-positive microscopic 

organisms. More particularly, an external layer of gram-negative microorganisms is made out of 

highly thick lipopolysaccharides that serve as a hindrance to numerous ecological substances, for 

example, anti-infection agents (Palombo and Semple, 2001). The antibacterial action by many 

authors in various restorative plants extracts has been reported (El Astal et al., 2005; Khan et al., 

2007; Jain et al., 2008). 

The indiscriminate utilization of anti-infection agents has brought about numerous 

bacterial pathogens quickly getting to be impervious to various initially found antimicrobial 

medications (Barbour et al., 2004). There is consequently continuous search for new anti-

microbials and restorative plants may offer another source of antibacterial agents (Barbour et al., 

2004). 

1.3.2 Antidiabetic potential of medicinal plants 

Diabetes mellitus (DM) is globally a noteworthy public health concern and speaks to a 

main epidemic of the 21th century (Olokoba et al., 2012). Diabetes Mellitus (DM) is expected to 

the inadequate or lack in the generation of insulin by pancreas and that is the reason of glucose 

increase or decrease in the blood (Pan et al., 2014).  
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Diabetes is extremely risky to body as it harms the body frameworks, primarily the 

nerves and veins (Munukutla et al., 2016). Manufactured pharmaceuticals are utilized against 

diabetic yet these prescriptions indicated great number of symptoms (Yuan et al., 2016). 

Therefore, toward this path, plant-based medication appears an encouraging and potential source 

with more secure and lesser, or no reaction over the synthetic medicines in the treatment of 

diabetes (Singh and Sharma, 2013; Watal et al., 2014). Instead of  discernible advancement in 

the treatment of diabetes mellitus by manufactured medications, the search for new anti-diabetic 

agents from plants is going on (Agnaniet et al., 2016).  

It is a silent killer sickness and influences a large number of people groups on the earth 

(Riaz et al., 2010) Besides, amid the previous couple of years a portion of  novel biologically 

active medications separated from plants indicated anti-diabetic movement with additional 

adequacy as compare to oral hypoglycemic mediators utilized in medical treatment (Malviya et 

al., 2010). 

1.3.3 Anti Inflammatory potential of medicinal plants 

Inflammation is characterized as the complex natural response of vascular tissue to 

harming pathogens, improvements, warmth, inflammations depicted by redness, agony and 

swelling (Anasane et al., 2017). There are two kinds of inflammation that is constant or intense 

irritation. The majority of the irritation treated by utilizing the synthetic medications like non 

steroidal calming drugs and opioids however in current days these are not valuable to treat all 

cases of inflammation because of their strong reactions (Ahmadiani et al., 1998). Thus, a search 

for alternate options with less reactions and intensity appears to be significant and profitable. 

The therapeutic plants have various synthetic constituents from which novel ant-

inflammatory agents can be found. Research on biological activities of plants yields various 

compounds for the improvement of medications to cure effectively disorders for mankind 

(Arivazhagan et al., 2000). Plants can possibly make a broad verity of organically dynamic 

compounds as secondary metabolites. A significant number of the phytochemicals have been 

utilized to treat successfully the different afflictions for humanity. Various thoughtful plants have 

demonstrated the potential against irritation in treatment by usingdistinctive models 

(Prakashbabu et al., 2017). Restorative plants and their separated compounds are used worldwide 

in conventional medication for the dealing of different inflammatory illnesses & remedial 

capability of generally utilized plants and their constituents is currently objective of research in 
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the quest for novel anti-inflammatory drugs (Long et al., 2016). The investigation of plants that 

have been utilized generally to treat inflammation is as yet productive and consistent research 

technique in the source of new anti-inflammatory medications (Kumarappan et al., 2006). 

1.3.4 Anticancer potential of medicinal plants 

The uncontrolled cell division in the body is the main cause of cancer and can lead to 

death (Mou, 2016). Cancer is a very dynamic health problem in both developing and developed 

countries (Paul et al., 2015). To treat cancer there are very few drugs available though no 

medicine so far found to be fully effective, safe and sound. Current research emphasis focuses on 

synthetic chemotherapeutic drugs but unfortunately conventional chemotherapy with synthetic 

drugs evoke severe side effects. Phyto-chemicals are increasingly being used in the treatment of 

cancer because of their availability, potential anti-cancer activity with less adverse effects when 

compared with chemotherapy (Rahman et al., 2013). There are thousands of scientific studies 

that have focused on the pharmacological activity of bio-active components from plants, 

increasing interest from scientific community as cancers suppressant. Biological targets of phyto-

chemicals in mammalian cells were found to be involved in inflammatory processes and 

carcinogenic transformation, such as the alteration of cell cycle control, apoptosis evasion, 

angiogenesis and metastases (Surh, 2003).  

The plants and plant derived medicines have potential to secure and successful treatment 

of cancer (Chaveerach et al., 2017). A number of plant-based drugs and their analogues have 

been reported as anticancer agents (Gupta et al., 2004). 

Additionally, epidemiological studies suggest that the daily intake of certain phyto-

chemicals can reduce the incidence of several types of cancers Thus; chemoprevention by dietary 

phyto-chemicals alone immerges as one of the most promising approaches for reduced risk of 

cancer development (Russo, 2007). 

1.4 Side effects of synthetic drugs 

It has been viewed side effects if a drug is found effective. However, if herbal medicines 

are used as drugs either have fewer side effects or are ineffective. Therefore, herbal medicines 

are normally found effective and nontoxic agents. In this manner, people consistently go to home 

grown medicine because they consider and have trust that plant tonics are free from unwanted 

reactions (Philomena et al., 2011). In the United State, Around 8% of hospital admissions are 
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due to unfriendly and adversarial reactions of synthetic drugs. Approximately 100, 000 people 

die every year from this noxiousness. It is found that herbs are so rare responsible of deaths or 

hospitalizations. The United State National Poison Control Centers doesn't have a record for 

unfavorable responses toplants. However, toxic effects of herbal remedies needs to be found in 

setting (Haq et al., 2004). 

An aggregate of 122 naturally powerful and dynamic compounds have been perceived 

either as pure metabolites or their derived analogs just from 94 types of plants (Atanasov et al., 

2015). An anticipated and traditionat estimation of the degree of flowering plants present on the 

earth is relatively around 2, 50,000. Of these, just around 6% have been utilized and screened for 

biological function and staying 15% must be assessed (Fakhri et al., 2012). Certainly the great 

civilizations of the early, North Africans, China and Indians conveyed composed proof of 

human's ability in utilizing herbs to cure a large variety of diseases.  

Pakistan has been blessed by around 5,700 plant species with therauptic capability. 

Naturally these are vital plants (Ahmad and Husain, 2008). Restorative plants develop in a few 

zones of Pakistan & Azad-Kashmir. These supportive assets of therapeutic plant should be 

investigated by giving appropriate awareness and putting in concerted efforts. So for this reason 

just a couple of research focuses have been set up. However, efficient research study on 

restorative plants has started by PCSIR (Pakistan Council of Scientific and Industrial Research). 

In addition, Qurshi Industries, Lahore and  Karachi and the Hamdard Foundation Laboratories 

are done exemplary research work on therapeutic plants, getting ready medications of plants 

inception and advertising on vast scale (Shinwari, 2010). The plants chosen for medicinal use 

more than thousand years found the most clear decision of searching therapeutically captivating 

new medicines like  anticancer & antimicrobial drungs as well as dangerous compounds 

(Qureshi et al., 2010). 

1.5 Plants as potential source of drugs 

Plants could contain intense biochemical components and segments of phytomedicine. 

Plant-based normal components can be extracted from any organ like bark, stem, leaves, fruits, 

roots and seeds of plant.. Plants are normally considered as more characteristic and more 

available source for prescription than synthetic medications. Other than their nutritious esteem, 

various plant species belonging to different plant families have been certified comprising 

biological activities including anti-bacterial, anti-fungal, cancer prevention agent, and calming, 
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anti-diabetic and anticancer activities. Amongst  these, diospyros, belonging to  Ebenaceae 

family is a species with developing healthcare benefits (Xie et al., 2015). Numerous different 

diospyros species are yet to be portrayed as far as their chemical creation and therapeutic esteem. 

D. malabarica and D. kaki are not studied in detail uptill now so further investigation must be 

done on the medicinal value of D. malabarica and D. kaki.  

1.6 Family Ebenaceae 

 Ebenaceae are a family of flowering plants associated with order Ericales. The family is 

appropriated over hotter calm districts of the biosphere including four genera Diospyros, 

Lissocarpa, Euclea and Royena and is identified globally for its natural activities (Misra et al., 

2016). There are recorded more than 400 species forming the genus diospyros and a few of these 

species are of economic and restorative importance (Yonemori et al., 2000).  

1.7 Diospyros species 

Different plant species having a place with various plant families have been affirmed to 

have a characteristic action. Amongst these, Diospyros,species of Ebenaceae family is a type 

creating medicinal favorable circumstances (Guo and Luo, 2011). It involves woody shrubberies 

and trees spread in the tropical, sub-tropical and quiet districts and is thought worldwide for its 

natural functions (Rauf et al., 2017).  The greatest class, diospyros in Ebenaceae consist of more 

than 500 species with brilliant mild characteristics, mainly D. kaki that has generally been used 

as a basic food reserve in Japan, China and Korea (Guo and Luo, 2011).  Plants of Diospyros 

genus are for the most part found in warmth regions of the world, for instance, Pakistan, India 

China, Korea, Brazil, Japan Turkey, Middle East, and the United States and parts of Africa. In 

2007, the overall age of persimmon came to in excess of three hundered million tons and its 

around 70% generation starting by China (Butt et al., 2015). Diospyros species are for the most 

part found as evergreen bushes and trees (Akagi et al., 2014). Diospyros plants are occuring or 

scattered all through the tropical regions of the earth, anyway few species can also develop in 

moderate temperature areas (Turner et al., 2013). The family Diospyros has flexible utilizations 

including eatable organic products, profitable timber, and elaborate ornamental uses (Maridass et 

al., 2008; Rauf et al., 2017). The diospyros firstly portrayed in 1753 by Linnaeus, was recorded 

in Pakistan flora (Ghazanfar, 1978).  

This genus is enriched with certain phytochemical constituents, for example, terpenoids, 

oleananes, lupanes ursanes,naphthoquinones, tannins,polyphenols, lipids, hydrocarbons and 
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benzopyrones etc (Rauf et al., 2017). The natural activities of Diospyros plants, for example, 

antioxidant, calming, pain relieving, antipyretic, against diabeties, anti-bacterial, anthelmintic, 

anti-hypertensive, cosmeceutical, catalyst hindrance and so forth have been approved by 

methods for invitro, invivo & medical tests. As an ironic hold of pharmaceutical vital parts, this 

genus can speed up medication revelation (Maridass et al., 2008; Rauf et al., 2017). 

Remembering the above therapeutic significance of this specie, following two plants belonging 

to this species were chosen: 

 Diospyros malabarica 

 Diospyros kaki 

1.7.1 Diospyros malabarica  

D. malabarica, medium size and evergreen plant is specie of diospyros. Diospyros 

malabarica is prevalent like Tinduk or Gaab. Regular names are Riber Ebony (English). It has  

has elongated and dark green leaves while  bark is thick, smooth & blackish (Mondal et al., 

2008).  

 

 

Fig.1.1. Diospyros malabarica 

1.7.1.1 Phenology  

The flowering period of D. malabarica is from February to June and its fruiting season is 

from April to August. The seeding season is likewise from April to August and its evergreen 

foliage (Rauf et al., 2017). 
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Scientific Classification  

 Kingdom: Plantae 

 Clade:  Angiosperms 

 Clade:  Eudicots 

 Clade:  Asterids 

 Order:  Ericales 

 Family: Ebenaceae 

 Genus:  Diospyros 

 Species: D. malabarica                                                                

1.7.1.2 Physical attributes of Diospyros malabarica  

  D.malabarica (Desr.) Kostel., was dispersed in North Malaysia,India and Thailand 

(Wiart, 2006). D.malabarica presented as a fancy tree in Pakistan, embraced well in this 

atmosphere creating flowers & fruits. Medium estimated spreading evergreen elaborate tree, 

around 15 m in tallness with dull dark or dark bark, youthful parts luxurious and secured with 

grey tomentum. Leaves are basic, elleptic, praise, adjusted at base, 13.5 cm long and 4.5 cm 

wide, substitute, reticulation noticeable, coriacious, exstipulate, glabrous, 1 cm long petioles. 3-5 

cm panicle male flowers hanging flat topped with pedicellate velvety snowy little flowers while 

four styles & eight celled ovary is found in singular female flower. Spherial fruit, with 3.5 cm 

distance across with steady calyx, youthful green & slightly red fruit. Its swamp rainforests; 

occurring scattered, ordinarily along waterways and streams at heights up to 300 m (325). 

Frequently found in shady and wet destinations close streams in the woods at heights upto 500 

m. Diospyros is monetarily the most critical class of Ebenaceae (Matsushita et al., 2010). 

1.7.1.3 Chemical constituents  

D. malabarica has numerous nutritious constituents and bioactive compounds like sugar, 

proteins, lipids, vitamin B6, vitamin C (Ascorbic corrosive), vitamin A, vitamin B12, vitamin, 

flavonoids, polyphenols, phenolic mixes, saponins, alkaloids, terpenoids, terpenes, gum, 

carotenoids, tannins, steroids, cardiovascular glycosides, coumarins and fundamental oils (Sahu 

et al., 2012). Bark, flowers and fruit have tannins. Bark likewise have, triterprnes, saponins, 

betulinic corrosive and myricyl liquor (Baravalia et al., 2009). Pulp of fruit  have triterpenes, 
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alkanes and beta-sitosterol and its botulin, glucoside, gallic corrosive, hexacosnol, betulinic 

corrosive, hexacosane and mono-hydroxy triterpene ketone (Kaushik et al., 2011). D. 

malabarica stem has leucoanthocyanin and beta-sitosterol (Raju et al., 2011).  

1.7.1.4 Medicinal importance of Diospyros malabarica  

It is one of the indigenous restorative plants granted with potent anti-oxidative action 

(Sarmah and Baishya, 2013a). As a rich source of pharmacologically dynamic bioconstituents, 

organs of this plant, particularly natural products, bark, and leaves are utilized in therapeutic 

applications because of its antioxidant potential as having power to fight against different 

disorders in numerous conventional restorative frameworks of the world (Sarmah and Baishya, 

2013a). Customarily, D. malabarica was accounted for  cooling astringent, calming harsh 

depurative, febrifuge and obstructing, consuming sensation, vaginal clutters, dyspepsia, pitta, 

purities, hemorrhages consumes, fever, spermatorrhoea and diabetes. In India, this plant has 

been generally used to cure menstrual diseases and treatment of looseness of the bowels (Chopra 

and Doiphode, 2002a). In old Indian drug, its customary uses have been accounted for 

aphrodisiac, anti-snake bite (Gample, 1967), antidiarrhoeal and as tonic and also in the anti-

fertility (Choudhary et al., 1990) and antiurolithiatic activities (Purane and Vidyadhara, 2015a). 

The conventional uses of D. malabarica have been accounted for decrease of gastrointestinal 

motility and inhibition of prostaglandin synthesis and diarrhea (Javanmardi et al., 2003). 

1.7.2 Diospyros kaki 

Diospyros kaki  called persimmon economically imperative fruit crop that developed 

broadly in Asian nations, for example, China, Japan and Korea (Kotani et al., 2000b; Matsumoto 

et al., 2002; Tanaka et al., 2003; Youn et al., 2015; Zhou et al., 2015). D. kaki or Japanese 

persimmon (to remember it from the nearby North American persimmon, D. virginiana), and 

besides called as kaki, barrel fig, or date plum, is a normal estimated natural product tree in the 

Ebenaceae family that began in east Asia and has been produced in China and Japan with 

different varieties produced, for a  long time (Sakanaka et al., 2005b). Among different nations, 

China is the one which produces most extreme yield of D. kaki, with a yearly yield of 1.65 

million metric tons (Karaman et al., 2014). Lately, the medical advantages of D. kaki fruit have 

pulled in many scientists' consideration (Giordani et al., 2011). 
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Fig.1.2. Diospyros kaki 

1.7.2.1 Phenology of Diospyros kaki  

The flowering period of D. kaki is March and April and its fruiting season is 

winter season in Pakistan is December, January and February (Ahmad et al., 2015). 

Scientific Classification 

 Sphere:              Eukaryota 

 Domain:            Plantae 

 Phylum:              Spermatophytes 

 Subphylum:        Angiosperm 

 Class:                 Dicotyledonous 

 Order:                 Ericales 

 Family:               Ebenaceae 

 Genus:                Diospyros 

 Specie:              Diospyros kaki 

1.7.2.2 Physical attributes of Diospyros kaki 

It is a tree that is deciduous and has a height of 27 meter with thickly immature to 

glabrous undeveloped branchlets with completely dark shaded lenticels.  D. kaki leaves are 

auxiliary and fruits are showed up as yellow, orange to orangey red. The D. kaki fruit looks like 

orange red tomato. The whole persimmon fruit can eat, excluding its calyx and grain. The shade 

of the D. kaki ovary changes from yellowish carroty to dull ruddy (Yonemori et al., 2000), 

depending on the centralization of terpenoid substance (Philip and Chen, 1988). In this way, 

fundamental terpenoid are essential to accomplish most noteworthy market estimation of the fruit 

(Nakagawa et al., 2008; Veberic et al., 2010). 
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1.7.2.3 Chemical constituents of Diospyros kaki  

 Terpenes, polyphenols, alkaloids, flavonoids, starches, phenolic blends, triglycerides and  

vitamins for example, A, B6, E, C, D, B12 and amino acids (Kashif et al., 2017), carotenoids, 

tannins, steroids, coumarins, terpenoids, gums, cardiovascular glycosides, fundamental oils and 

saponins are the dynamic constituents which are available in D. kaki and these phytochemicals 

upgrades its therapeutic and nutritious value to treat people from numerous diseases (Kim and 

Kim, 2003). The phytochemicals which are available in D. kaki demonstrate various natural and 

pharmacological actions, for example, antimicrobial, against unfavorably susceptible action, 

unfriendly to excessively touchy activity, cytotoxicity and antitumor activities (Rao, 2003). 

1.7.2.4 Medicinal importance of Diospyros kaki  

D. kaki generally has been used to cure diseases, for example, paralysis, coughs,frostbite, 

hypertension, dyspnoea, consumes and draining inferable from having numerous natural 

compounds like carotenoids, tannins, dietary fiber, vitamin C and flavonoids. Moreover tannin 

are involved in  antioxidative action , anti-inflammatory, pain relieving, anti-hypertensive, anti-

diabetic, anti-bacterial, anthelmintic, anti-pyretic, cosmeceutical, catalyst hindrance and so forth 

have been approved by methods for invitro, invivo and medical tests (Lee et al., 2012; Karaman 

et al., 2014; Bae et al., 2015). D. kaki has carotenoid compounds with extensive antioxidant 

action, phenolic acids, dietary fiber and large amounts of tannin that is in charge of their 

astringency (Sun et al., 2011). Flavonoids separated from D. kaki leaves present antioxidant 

action, the foremost polyphenols in D. kaki leaves are proanthocyanidinswith anti-hypertensive 

& vasorelaxant impacts (Kawakami et al., 2010; Sun et al., 2011). 

1.8 Nanoscience 

Nanotechnology is a forthcoming field of science which has its effect in different fields, 

for example, vitality, electronics, environment and so forth. The widespread practical  uses of 

metal nanoparticles (particles under 100 nm) are ascribed to their interesting properties (Daniel 

and Astruc, 2004). Ongoing moving enhancements in nanotechnology field have been watched 

on account of advancement of various and proficient approaches to synthesize nanoparticles of 

particular shape and size depending upon the specific prerequisites. Research has been made for 

nano-estimate materials recently on account of their special character contrasting from those in 

the mass state. One of the great promises that nanoparticles of metal oxides hold in synthetic 
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applications is their momentous capacity to synthetically retain a wide assortment of particles, 

particularly natural atoms that are concern as environmental hazards (Mohan and Renjanadevi, 

2016). 

Among nanoparticles, ZnONPs have been widely utilized in different industrial regions, 

like UV light-emitting devices, sunlight based cells, gas sensors, and photograph impetuses, 

pharmaceutical and cosmetic industries (Zaouk et al., 2006). It is known as an adaptable 

semiconductor nanomaterial that has been a focal point of consideration & interest due to its 

extensive scope of uses in many fields as biosensors, organic marks, voltaic and galvanic cells, 

varistors, UV enhanced photodiodes, electrical & photosensitive appliances as well as rayleigh 

wave decives. Zinc oxide nanoparticles are low-priced & temperate. ZnO is N-type 

semiconductor with wurtzite crystal structure. It likewise has the ophthalmic slide in visible 

region. Visible radiation release ZnO of immense significance for white-light LEDs (Singh et 

al., 2009). The metal nanoparticles contain surface plasmon resonance property in UV-Visible 

range, nontoxic and self-cleansing (Sangeetha et al., 2011). 

Distinctive physical and chemical processes are broadly used to integrate metal 

nanoparticles (Kundu et al., 2008). However, these production techniques are generally costly, 

labor-intensive, and are possibly unsafe to nature and living creatures (Gan et al., 2012). In this 

manner, there is a pronounced requirement for an alternative, financially savvy and in the 

meantime, safe and environmentally sound strategy for biosynthesis synthesis of nanoparticles 

(Raveendran et al., 2003).  

1.9 Biosynthesis of nanoparticles 

At present, there is a need to grow naturally considerate nanoparticles preparation routes, 

which can be continued by biological techniques as opposed to utilizing lethal synthetic 

substances (Pattanayak, 2013). During the previous decades, it has been shown that numerous 

natural frameworks, including plants and microscopic organisms (Kalishwaralal et al., 2010) and 

fungi  can change inorganic metal particles into metal nanoparticles by means of the reductive 

limits of the proteins and metabolites present in these living beings. The utilization of 

environmentally useful parts of plants like leaf extract, micro-organism concentrate, parasites 

and chemicals for the preparation of ZnO nanoparticles proposes considerable advantages as far 

as eco-friendly and similarity for an extensive variety of pharmaceuticals (Kitching et al., 2015).  



17 
 

The capacity of plant extracts to reduce metal nanoparticles has been recognized since the 

mid of  19
th

 century , regardless of the way that the possibility of the reducing agents found was 

not most likely known. As a result of its effortlessness, the utilization of plants extracts and plant 

tissue for reducing metal salts to nanoparticles has enforced in significant thought inside latest 

30-years (Ankamwar, 2010). Plant extracts act both as stabilizing and reducing agents in the 

preparation of nanoparticles  (Kumar et al., 2010). The source of the plant extract is known to 

impact the attributes of the nanoparticles (Kumar et al., 2009b). This is on account of various 

extracts contain distinctive concentrations and mixtures of natural reducing agents (Mukunthan 

and Balaji, 2012). Ordinarily, a plant extract interceded bioreduction includes mixing watery 

concentrate with an aqueous solution of the applicable metal salt. The reaction happens at room 

temperature and is generally completed inside a couple of minutes. Because of the quantity of 

various synthetic substances included, the bioreduction procedure is moderately mind boggling. 

At present, the utilization of "green" techniques for preparation and creation of synthesized 

nanomaterials in both mechanical application and the logical research has accomplished a 

monstrous measure of interests ( Fan et al., 2005; Gnanasangeetha et al., 2014; Calderón-

Jiménez et al., 2017). Legitimate use of ecologically benevolent solvents and nontoxic synthetics 

are a portion of the key issues in green synthesis approach deliberations (Pattanayak, 2013). 

Nanoparticles of zinc oxide are under concentrated investigation for their applications in 

the field of optical devices, catalysis, biotechnology, DNA naming, medications and restorative 

and chemical sensors. Nanosized zinc oxide has discovered different applications (sunscreen 

coatings and paints) because of its high retention in UV region. Zinc is a fundamental follow 

constituent in food industry with the goal that ZnO utilized like a source of Zn in the nutrition 

industry (Alloway, 2004). ZnO have pulled in huge enthusiasm for different biomedical fields, 

including anticancer, antibacterial, antioxidant , antidiabetic, and anti-inflammatory exercises, 

and also for medication conveyance and bioimaging applications (Rasmussen et al., 2010; 

Zhang et al., 2015). It is at the present normally acknowledged that nanoparticles effectively 

experience or enter with the cell film when contrasted with tiny sized estimated particles. 
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1.10 Chracaterization of nanoparticles 

Nanoparticles have pulled in colossal attention as a fast developing class of materials for 

various applications. Many techniques have been utilized to characterize the crystal structure, 

size, elemental composition and an assortment of other physical properties of nanoparticles. 

Moreover, given that the importance of nanoparticles in fundamental research and applications is 

continually expanding, it is vital that scientists from discrete fields conquer the difficulties in 

reproducible and reliable characterization of nanomaterials, after their synthesis. 

Characterization of nanoparticles was done using different techniques, which include; 

 Fourier transforms infrared spectroscopy (FTIR) 

 Field emission scanning electron microscope (SEM) 

 Energy-dispersive spectroscopy (EDS) 

 Ultraviolet–visible spectroscopy (UV) 

 X-ray diffraction spectroscopy (XRD) 

1.10.1. Fourier tansforms infrared (FTIR) spectroscopy 

This technique is utilized to accomplish an IR band of emission or absorption of a liquid, gas 

or solid. A Fourier transform infrared spectrometer in the meantime gathers a great extent of 

spectral resolution figures above an expansive spectral range. FT-IR technique is crucial practice 

in physical science. This technique is basic to identify particular functional groups or moieties in 

particles. This is a simple procedure which is utilized for selective accumulation of assimilation 

range for the confirmation of functional compound purity & to recognize unambiguous 

impurities (Munajad et al., 2018). 

 A homochromatic light utilized for isolation of radiation into infrequent λ.  

 A slit chooses λ group which consumes it throughout the sample at any specific point. 

  Test sample absorbs light ray as per its chemical properties. 

1.10.2 Field emission scanning electron microscope (FESEM) 

A FESEM is a type of electron magnifying lens that is utilized to produces images of a 

sample when examined it by an engaged electrons beam. The electrons reticulate with  sample 

particles, creating a limit of signs that incorporate data about the sample's plane and synthesis 

https://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy
https://en.wikipedia.org/wiki/Scanning_electron_microscope
https://en.wikipedia.org/wiki/SEM
https://en.wikipedia.org/wiki/Energy-dispersive_X-ray_spectroscopy
https://en.wikipedia.org/wiki/Ultraviolet%E2%80%93visible_spectroscopy
https://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy
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(Reimer, 2013). A light emission is normally checked in a raster scan strategy. The position of 

beam of electron united with the detected signal to generate is presentation. FESEM can 

accomplish goals prevalent when the range is superior to 1 nm. Samples may be seen in moist 

conditions and in higher or lower vacuum or in FESEM ecological and as a broad arrangement of 

elevated temperatures or cryogenic  (Mattarozzi et al., 2016). 

The conventional FESEM way is acknowledgment of secondary or optoional electrons 

transmitted by molecules stimulated along light emission. An amount of secondary or optional 

electrons which can be distinguished rely on extra objects such as the point where light emission 

encounters with plane of test object on sample structure (Fan and Fan, 2005). 

1.10.3 UV–Visible spectroscopy 

This is also called absorption spectrometery in the UV-Vis spectral line. It utilizes a light 

beam in adjoining region near to UV-Visible & infrared ranges. The reflectance or assimilation 

in the detectable range specifically influences by the clear shade of the synthetic compounds 

mixed in the tester. In detectable area of the radio wave, particles encounter transitions of 

electrons (Owen, 1996). A particle comprises of either n- electrons or π-electrons or unbonding 

electrons that can assimilate the energy as ultra violet to prompt these electorns towards bonding 

orbital's of lower energy to higher energy antibonding molecular orbitals. The excited electrons 

assimilate longer λ of  radiation (Jablonský et al., 2015).  

1.10.4 X-ray diffraction (XRD) 

This technique is strong non-destructive for describing crystalline materials. It gives data 

on structures, stages, preferred crystal orientations & other auxiliary factors like normal grain 

size measurement, crystalline nature, and strain & crystal defects. X-beam diffraction peaks are 

framed by valuable block of X-ray at particular points from each arrangement of cross section 

planes in a sample. The peak intensities are controlled by the distribution of particles inside the 

lattice. Consequently, the x-ray diffraction design is the unique mark of intermittent nuclear 

courses of action in a given material. A search of the International Center for Diffraction Data 

(ICDD) standard database of x-ray diffraction designs empowers quick stage recognizable proof 

for a substantial assortment of crystalline samples (Bunaciu et al., 2015).  
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1.11 Hypothesis 

This was assumed hypothetically that D.kaki and D. malabarica plants generally contain 

antioxidants or cancer prevention agents that scavenge free radicals created by tobacco smoke, 

environmental defilements, radiation, splendid light, certain solutions, pesticides, analgesics and 

present day solvents.In this manner the present study centered around a subset of restoratively 

significant medicinal plants with radioprotective activity.  

1.12 Novelty of work 

 The literature survey reflects that much work was not done on these two plants 

(Diospyros kaki and Diospyros malabarica), dependent on this and suspicious 

investigation of the above focuses, I felt it will be worth full to do broad study on these 

two plants.  

 The present study centered around a subset of restoratively significant  plant based 

antioxidants that scavenge free radicals 

 Phytochemicals found in these plants will be new addition in anticancer,antidiabeict and 

antimicrobial substances 

 Even though there have been a variety of studies suggesting the anti-cancer effects by 

different plant species. To the best of our information, this is the first approach that 

demonstrated the anti-cancer and antidiabetic effect of D. malabarica and D. kaki 

extracts 

1.13 Aims and objectives 

 To investigate natural products found in D.kaki and D. malabarica used in new related 

compounds and medicines for conventional drugs. Synthetic drugs are not only 

expensive and scanty to cure diseases but at the same time are frequently have side 

effects 

 To estimate the antioxidant potential & essential biological activities of D.kaki and D. 

malabarica accounted for soothing value to cure different diseases 

 To synthsize and characterize nanoparticles using extracts of D.kaki and D. malabarica 

as increasing numbers of inventions in nanotechnology field are delivering novel 

applications in the fields of biotechnology and pharmaceuticals.  
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Chapter 2 

REVIEW OF LITERATURE 

2.1 Medicinal plants 

Herbal plants are getting more recognized because of their essential use in therapy of 

infections since the beginning of mortal progress, at last improving their interest for 

phytopharmaceutical utilization. Most likely, the warm relationship of people and plants is clear 

to humankind since long. Plant based medications are utilized against different ailments since 

time immemorial. The nature has given an assortment of helpful plants for the two vertebrates 

and pathetic creatures, which have therapeutic significance (Ahmad et al., 2006). People couldn't 

survive without vegetation (Miller et al., 2000). Plants have assumed an imperative job to 

enhance the nature of human life and to keep up human wellbeing. In addition, these are 

profitable parts of cosmetics, beverages, food, drug, shelter, protect, garments, paper, dyes, fuel 

and supply oxygen to nature either direct or indirect way and so on. Plants contain synthetic 

constituents that enhance health, resources and help to diminish ailment (Miller et al., 2000). 

In the earlier time people utilized plants against different infections, for example, for the 

treatment of aching painfulness and so forth by utilizing traditional techniques. Over 70% 

Pakistan to both the remote and provincial zones rely upon society and additionally usual method 

of plant based prescriptions whereas in excess of 80 % of Asians utilize herbal medications by 

their conventional techniques. Indeed, even now individuals are attracted towards the utilization 

of the conventional green drugs on account of the expanded potential reactions and cost of the 

allopathic medications (Aslam, 2002; Arias et al., 2004). 

Phytochemicals are organically dynamic molecules created by herbs. These molecules 

control biosynthesis of synthetic compounds with less danger or expanded function. These 

imperative bioactive compounds got from plants can be utilized for different objectives i.e., dye, 

pigments, food additives, insecticides, perfumes, cosmetics and fine compounds (Balandrin et 

al., 1985). 

 Bnouham et al. (2006) demonstrated that medicinal plants play a critical job in the 

diabetes mellitus management particularly in areas having inadequate assets. The survey 

exhibited profiles of plants with hypoglycemic properties; spreading over a period from 1990 - 



22 
 

2000. The profiles introduced incorporate data about the logical name, family, strategy utilized, t 

hypoglycemic movement level & dynamic agents. Mostly plants portrayed in this survey (176 

species having a place with 84 families) obviously exhibited the significance of home grown 

plants in diabetes treatment. It additionally demonstrates push to isolate novel strong anti-

diabetic mediators. The families of plant with species, utmost concentrated because of their 

affirmed hypoglycemic impacts, contain: Euphorbiaceae and Araliaceae  consists of five species, 

Asteraceae, Moraceae and Rosaceae with six species, Lamiaceae  and Cucurbitaceae having 

seven species, Liliaceae contains eight speceis  and  Leguminoseae with eleven species,. The 

mostly examined species include: Citrullus colocynthis (Opuntia streptacantha Lem. 

(Cactaceae), Trigonella foenum greacum L. (Leguminosea), Momordica charantia L. 

(Cucurbitaceae), Ficus bengalensis L. (Moraceae), Polygala senega L. (Polygalaceae), and 

Gymnema sylvestre R. (Asclepiadaceae). Numerous investigations affirmed advantages of 

restorative florae having hypoglycemic impacts in the diabetes mellitus management.  The 

impacts of these above studied plants could retard development of problems regarding diabeties 

& cure different biochemical anomalies. In addition, amongst the previous couple of years a 

portion of the new bioactive medications separated from hypoglycaemic plants indicated anti-

diabetic action with more adequacy than oral hypoglycaemic agents utilized in clinical treatment. 

 Singh et al. (2016) depicted the role of therapeutic plants for health point of view: unique 

reference to antioxidant potential. Therapeutic plants furnish significant source of particles with 

restorative properties because of essence of natural products. In these components, antioxidant 

substances are of specific interest. The oxidative pressure that prompts continuation of ailments, 

for example, cardiovascular illnesses, degenerative conditions, rheumatic issue, metabolic 

disorder, and in maturing can be lessened with the assistance of cell reinforcement properties of 

restorative plants and go about as key-element of present day multi-powerful cures. 

 Kumar et al. (2017) contemplated progresses in biochemistry of restorative plants. 

Therapeutic plants are terrifying asset for medication advancement. To date different plants 

determined medications are as of now utilized all through the world. In last few years, awesome 

interest for secondary metabolite creation prompts probability of changing the generation of 

bioactive compounds by means of tissue culture innovation. Different restoratively essential 

secondary metabolites incorporate glycosides, alkaloids, volatile oils, flavonoids, resins, tannins 

and so on. Because of lack of comprehension of how these metabolites are prepared, 
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biotechnological generation through plant cell societies is an alluring elective section and 

presented at the end of the 1960's as a conceivable instrument for plant extracts and also creating 

plant secondary metabolites. Next to this, there are diverse procedures that have been talked 

about in the present part that are utilized to upgrade the preparation of secondary metabolites by 

the plants. The focal point of the present part is to talk about the utilization of various innovation 

for the generation of some vital medicinally plant derived bioactive compounds. 

 Rauf et al. (2017) clarified that therapeutic plants as the most moderate, modest and 

effortlessly available sources of treatment in the essential human services structure all through 

world. Therapeutic plants are utilized for the treatment of different illnesses. The local people 

groups have a long conventional history of therapeutic plants utilizes for the treatment of various 

illnesses in different areas. However, the developing utilization of drug plants in word, this 

flawless data isn't adequately recorded. Accreditation of restorative plants utilized as folkloric 

drugs is attractive. The data was monitored and used for therapeutic plants to be protected and 

utilized as accordingly. The principle goal is to synthesize recorded material on folkloric uses of 

therapeutic plants in world, perceiving, research breaks and predicting observations for the future 

research work. Therapeutic plants are utilized in folkloric framework for the treatment of 

numerous ailments and disorders, for example, disease, gastro-intestinal disarranges, cold, pain, 

cough and so forth. Moreover, this part exhibits the status of restorative plants utilized in 

folkloric framework and management of human diseases and sicknesses in world. Folkloric 

utilization of restorative plants play essential job in simple human health services of local 

communities. 

2.2 Phytochemicals 

 These are basically non-nutritive synthetic substances that can shield the people from a 

broad variety of disorders. They are of two types, primary and secondary metabolites.based on 

plant digestion. As studied earlier, by bringing man-made structures into meditation: secondary 

metabolites are additionally assembled into a few remarkable groups, for example, Nitrogenous  

compounds like  heterocyclic alkaloids &  aromatics; Phenylpropanoids with their subordinates, 

for example, flavonoids, tannins, glycosides & lignins; terpens consisiting of  terpenoids & 

isoprenoids (Korkina, 2007).  

Essential metabolites are comprised of regular chlorophylls, proteins, starches and amino 

acids. Secondary metabolites are included triterpenoids, saponins, tannins, vitamins alkaloids, 
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anthroquinones, phenols, carotenoids, glycosides, unsaturated fats, steroids, coumarins, 

diminishing sugars, lignins, flavonoids and so on which display biological activities like  

antioxidant, antimicrobial, anticancer, antihypertensive, anti-diabetic and so forth (Savithramma 

et al., 2011). Alkaloids are used as pain relieving agents and are found in meditative plants 

(Kumar et al., 2009a). Anthraquinones, tannins and coumarins are regularly occurring 

metabolites (Nath et al., 2015). 

The restorative plants are useful for relieving and what's more to improve human disease 

because of the presence of phytochemical constituents (Ahmad et al., 2016). In restorative 

plants, phytochemical are normally present in various parts that have protective instrument and 

shield from various sicknesses. Phytochemical may be essential and optional metabolites. 

Customary proteins, chlorophylls and sugars are included in primary metabolite and flavonoids, 

terpenoids and alkaloids are incorporated into secondary metabolites. Terpenoids show 

distinctive basic pharmacological activities i.e. anti-inflammatory, reducing cholesterol level, 

anticancer and antiviral exercises (Patil et al., 2016). Terpenoids are basic in attracting long-

suffering parasites and use herbivorous terrible petite creatures (Turlings and Erb, 2018). 

Phenolic acids & tannins are real groups of phenolic compounds generally occurring in most of 

the plants (Lin et al., 2016). Phenolic compounds contain basic phenols, for example, resorcinol, 

and catechol and so on. Flavonoids consist of cyaniding, quercetin and so forth. Bioflavonoids, 

for example, ormocarpine and so on (Thakur et al., 2017).  

2.2.1. Flavonoids 

Flavonoids are broad range of phytochemical with various pharmacological effects 

including cell support, against exacerbation, unfriendly to platelet, against negatively susceptible, 

cytotoxicity; diminish danger for coronary ailment or infection etc. These flavonoids limited 

distinctive synthetic chemicals, for instance, lypoxygenase, prostaglandin synthase, 

cyclooxygenase & sytem of provoked purifying compound as glutathione S-transferase.  The 

flavonoids have massive vitamin C saving activity and extraordinary tumor counteractive action 

than the standard vitamins, for instance, myricetin, quercetin, apigenin and rutin. In vegetables, 

yet quercetin glycosides prevail, glycosides of kaempferol, luteolin and apigenin are likewise 

found. Fruits having kaempferol, quercetin glycosides and myricetin glycosides are found just in 

pursue amounts (Asif and Khodadadi, 2013). 
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 Flavonoids are group of biologically dynamic segments that are found in products of 

plant beginning stage. Their standard usage is connected with decreased threat of different 

unending diseases, including tumor, neurodegenerative and cardiovascular issue. Flavonoids are 

described into subcategories in light of their compound structure; flavones, flavanones, flavanols, 

anthocyanins, flavan-3-ols & isoflavones. Their exercises at the nuclear level contain antioxidant 

impacts, additionally the capacity to manage a couple of key enzymatic pathways. The creating 

group of sensible affirmation demonstrates that flavonoids expect an important part in disease 

evasion; in any case advance epidemiological and clinical primers are unimaginably required. 

Among dietary sources of flavonoids are characteristic items, seeds, flavors, nuts, and 

vegetables. Usage of these ingredients with devours less calories radiates an impression of being 

secured. It creates the impression that an eating routine rich in flavonoids is productive and its 

progression is long these lines legitimate (Swetha and Research, 2017). 

Flavonoids, a class of polyphenol secondary metabolites, are presented extensively in 

plants and eating regimens. They are acknowledged to have distinctive bioactive effects 

including antagonistic to viral, relieving, cardio guarded, against diabetic, threatening to tumor, 

unfriendly to developing, etc. Their key structures involve C6—C3—C6 rings with different 

substitution precedents to make a continuation of subclass blends, and connections between 

compound structures and bioactivities have been already thought about (Wang et al., 2018). 

They have a couple of basic limits in plants, for instance, giving protection against destructive 

UV radiation or plant pigmentation. Also, they have antiviral, antibacterial and antioxidant 

properties. The flavonoid sub classes which relies upon sorts of compound structure, are: 

flavones, flavanols, flavanones, anthocyanins, flavanols and isoflavones. Tumor prevention 

properties of foodstuffs rely upon polyphenol contents, and on their sort. Among, quercetin and 

catechin demonstrate the best tumor prevention action invitro (Thakur et al., 2017). . 

2.2.2. Tannins 

Tannins are comprehensively present in different parts of plants, for instance, needles, 

bark, grasses, heartwood, seeds and blooms (Prasad et al., 2009). After lignin, tannins are the 

second most plenteous group of plant phenolics. Tannins are group of complex oligomeric chains 

depicted by the closeness of polyphenolic mixtures (Duval et al., 2016). These have a nuclear 

weight higher than 500 accomplishing upto 20,000 kDa. One of the acute characteristic for 

tannins is its ability to outline strong structures with protein and diverse macromolecules, for 
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instance, cellulose, minerals and starch (Beena et al., 2010). Earlier, various assessors have 

wrongly used tannic destructive as a typical stretch for tannins (Adamczyk et al., 2017). In this 

particular situation, two research social affairs, i.e. (Duval et al., 2016) and (Aguilar et al., 2007)  

in their reviews have requested tannins into two essential social events: hydrolysable and 

solidified tannins. In this way in 2017, Avanthi and his colleagues separated tannins into 4 vital 

groups: gallotannins, ellagitannins, complex and consolidated tannins. 

 The tannins (for the most part known as tannic corrosive) are polar polyphenols that are 

existing in various plant substances. They have been recognized for decrease in development 

rate, metabilizable imperativeness, feed admission, protein edibility and feed effectiveness 

exploratory creatures. That is the reason the foods which have more estimation of tannins are 

accounted for as low supplement esteem. Yet, most recent research demonstrated that the 

importance of tannins was not a direct result of their difficulty on food usage or processing 

anyway somewhat the lessened efficiency in changing the ingested supplements to new body 

material. Rate of specific diseases, for example, tumor, have been recognized to use of tannin 

rich foods, for instance home grown teas and betel nuts, suggesting that tannins might be growth 

causing. However, different reports confirmed that the malignancy causing action of tannins 

might be related to parts related with tannins as contradicted tannins themselves (Mininel et al., 

2014).  

Tannins are found in a wide collection of plants with basic aggregates when appeared 

differently in relation to various metabolites; they can be found in the roots, bark, leaves, seeds, 

sap and in the natural items, where they are responsible for the astringency of a critical number 

of them as unripe, when the reducing in astringency results from the age of molecules with 

tendency to tannins (Ravikumar et al., 2014b). They guarantee plants against irritations and 

frightening little creatures, since they attach to microbes stomach related proteins and shape an 

insoluble compound, inactivating stomach related synthetic chemicals (Pereira et al., 2015).  

Strikingly, different reports demonstrated the negative relationship among the cancer rate 

and tea utilization. Tea polyphenols and various tannins sections were proposed to be anti-

carcinogenic. Different tannins particles additionally revealed as to diminish the malignancy 

causing agents of numerous mutagens. Different mutagenic agents making oxygen free radical 

for association with macromolecules of cell. The anticancer function of tannins might be 

connected its antioxidant potential which is massive to treat cell harm by decreasing the ROS 
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and peroxidation of lipids. Tannins have great antimicrobial action. Tannins decrease the 

development of different yeast, parasites, microbes and infections. It's additionally been 

accounted for that propyl gallate and tannic corrosive decreased the development of amphibian 

microscopic organisms, foodborne microbes and off-season making microorganism. Tannins 

have likewise demonstrated some physiological impacts, as decrease circulatory strain, making 

liver exploitation, and moderate blood coagulating and lessen the serum lipid level (Machado et 

al., 2016).  

The concentrations of tannins may vary according to climatic and land conditions and 

moreover as shown by their mixture piece, about which there is little data (Ravikumar et al., 

2014b). Among the species generally used by the masses for medicinal purposes, the 

accompanying rise: Folk drugs containing tannins are used to stop adjacent little hemorrhages, 

scars of the skin, sore mouth, bronchitis, expends, wounds and various others. They are 

moreover used to contain free guts. A couple of individuals with stomach related inconveniences 

may have some bias to tannins, so they should be controlled with caution in these cases and 

tannin-containing plants should not to be consumed for broad stretches since they frustrate the 

absorption of a couple of vitamins and minerals. These properties of hurrying the awesome 

amalgams are used in industry for the age of wines, mixes, for tanning calfskin, making hues and 

as astringent in the material business. Tannins are viewed as cell fortifications and keep the start 

of degenerative afflictions, for instance, tumor and cardiovascular infection (Pereira et al., 2015).  

Tannins are secondary metabolites and the specie Diospyros malabarica is improved with 

tannins. Tannins present great and critical natural impacts like, anticancer, anti-inflammatory  

antimicrobial and so on  (Malik et al., 2017).  

2.2.3 Saponins 

The saponins are seen as a bit of plant's shield instrument; nevertheless, the limit of 

saponins in the plant cell has not been completely considered and appreciated. In one the 

investigations the part of saponins was perceived as a compound causing film permeability, 

which results in cell spill and cytotoxic and anti-bacterial effect (Wink, 2015).  

Saponins are an assembly of secondary metabolites that are found by the group in a 

combination of plants. They are amphiphilic high nuclear weight glycosides with novel foaming 

characteristics, which can be credited to a mixture of hydrophobic or fat-dissolvable sapogenin 

and hydrophilic or water dissolvable sugar. The saponins are generally made by plants, low 
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marine animals, and two or three types of microorganisms (Wang et al., 2016). The saponins are 

also used as steroidal precursors to steroid drugs including searing authorities, oestrogens 

progestines and rogens. Saponins are secondary metabolites with high nuclear weight. They 

present in a broad assortment of plant species and are dispersed all through the leaves, bark, 

roots, stems and flowers. 

Eating more saponins may boost your immune limit and fight off parasitic maladies, the 

analysis show that saponins cause going of infectious cells, for instance, Candida albicans, or, in 

other words of yeast defilements, thrush and various facility acquired ailments. Saponins appear 

to enhance your safe system's ability to battle off contaminations and parasites too. 

Pharmaceutical makers frequently consolidate saponins in vaccinations to assemble their 

reasonability (Fern ndez-Tejada et al., 2016). 

Saponins are extreme in taste and starting late, they have become great thought because 

of their diverse natural activities including hepatoprotective, unfriendly to ulcer, against tumor, 

antimicrobial, adjuvant and alleviating works out. Saponins are made out of a lipid dissolvable 

aglycone including either a sterol or simply more consistently a triterpenoid and water 

dissolvable sugar stores, due to their amphiphilic nature, they are particularly surface dynamic 

and their natural activities are related to their synthetic structures. Both steroidal and 

triterpenoids saponins show chemical properties (Cui et al., 2015). Saponins happen ordinarily in 

ginseng, herbs, peas, soybeans, yucca and vegetables. They are phytochemicals, having chemical 

attributes that foam when mixed with water. Modernly, saponins appear in beverages and 

decorating agents as emulsifiers or sweeteners (Nikmaram et al., 2017). On the off chance that 

you're endeavoring to cut down your cholesterol level, eating foods as well off in saponins may 

help. Your body uses cholesterol to make bile acids required for genuine processing. When you 

eat, bile acids are released into your absorption tracts. The chemical attributes of saponins 

empower them to attach to bile and keep its reabsorption. At the point when bound to saponins, 

cholesterol leaves your body in waste (Asif et al., 2017).  

According to an article circulated in the "Journal of Nutrition" in 1995, saponins found in 

soybeans moderate the advancement of human illness cells. These plant blends may in like 

manner cause the death of tumor cells, according to an article conveyed in the journal 

"Phytochemistry Audits" in June 2010. The right arrangement of these cell passings varies 

depending upon the source and measurements of saponins. Scarcely any examinations on 
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saponins used human subjects. Animals and limited cells in test tubes are the most notable 

subjects. More research would give a predominant photograph of the potential part saponins play 

in growth treatment and anticipation (Singh et al., 2017) 

2.2.4 Terpenoids 

Terpenoids made out of "isoprenoid" units comprise one of the greatest groups of 

characteristic things speaking to more than 40 000 individual blends, with a couple of new 

blends being discovered every year (Tian et al., 2015).  Most of the terpenoids are of plant 

beginning stage; regardless, they are also joined by various living things, for instance yeast and 

microscopic living being as a part of metabolism (Primary or secondary). Terpenoids are mixed 

from 5-carbon skeleton of isopreniods units. On the bases of carbon skeleton the terpenoids 

partitioned in a few classes, e.g. diterpenes (e.g. trans-retinoic and retinol corrosive), 

monoterpenes (geraniol, carvone, perillyl alcohol and d-limonene), triterpenes (lupeol, ussolic 

corrosive (UA), betulinic corrosive (BA) and oleanic corrosive), tetraterpenes (lycopene, lutein, 

beta-carotene and alpha-carotene) (Cheng et al., 2007). 

Terpenoids is thinking about as enhanced terpenes in which oxygen particle has been 

included or methyl gather expelled. On the base of isoprene unit numbers terpenoids can named 

which have 1 isoprene unit called hemiterpenoid, 2 isoprene unit called monoterpenoids, 3 

isoprene units called sesquiterpenoids, 4 isoprene units called diterpenoids, 5 isoprene units 

called sesterterpenoids, 6 isoprene units called tritrpenoids, 7 isoprene units tetraterpenoids and 

more prominent than 7 isoprene units called polyterpenoids. With the assistance of mevalonic 

corrosive strategy terpenoids can be created (Cheng et al., 2007) or it tends to be delivered by 2-

C-methyl-D-erythritol/one-deoxy-D-xylulose five-phosphate technique (Tian et al., 2015). 

Terpenoids are modernly basic fragrance and improving pro. The segments of terpenoids used as 

restorative specialists having exercises as antineoplasia and antibacterial are still under 

considerations (Chapuis and Jacoby, 2001).  

The different accumulations of structures and capacities if terpenoids have great 

enthusiasm for their mechanical utilize. Its repotted that terpenoids is profitable against different 

infections, including growth and besides to have antiparasitic, hostile to unfavorably susceptible, 

antifungal, antiviral, antimicrobial, mitigating, antispasmodic, immunomodulatory and 

antihyperglycemic properties (Yadav et al., 2014). And additionally terpenoids have insecticidal 

exercises and used to ensure substances while putting away (Chikezie et al., 2015). Terpenoids 
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have not only been seemed to apply characteristic activities that are far from any single 

chemotherapeutic drug yet have in like manner demonstrated no damage. These phytochemicals 

have been found to incite an extensive variety of activities, for instance, abatement of irritation, 

moderate of cell cycle, diminish in oxidative pressure, decrease of cell engendering, incitement 

of apoptosis and furthermore variety of different standard transduction pathways. Fundamentally, 

the system of these pleiotropic could clarify their antineoplastic action against liver malignancy. 

Contemplating these inclinations, terpenoids may be used in blend with other radiation treatment 

and chemotherapeutic pharmaceuticals to enhance their medicative reasonability while 

compelling radio-and-chemo-treatment identified with unwanted side effects. In any case, more 

studies are required to favor these premises (Yadav et al., 2014). 

2.3. Redox reactions (oxidation reduction reactions)  

 Antioxidants (cancer prevention agents) can hinder oxidation. Numerous questions develop 

regarding antioxidants. Might we like to identify elements of oxidation-reduction responses in 

human body?  Why do we require cancer prevention agents inside body? What is the connection 

among cancer prevention agents and free radicals? Oxidation is demanded by our body as we 

inhale, exercise, eat and rest day by day. Numerous biochemical processes, for example, 

glycoloysis and kreb cycle and so on depend on oxidation-reduction responses in plant & all 

animals. For instance during cell breath, H2O is achieved via reduction of oxygen while carbon 

dioxide is acquired by C6H12O6 oxidation. This reaction is additionally associated with the 

reduction of NAD+ into nicotinamide adenine dinucleotide & oxidation of nicotinamide adenine 

dinucleotideo NAD+ during the intermediate stage of reaction (Porter and Brand, 1995).  

Oxidation-reduction reactions include photosynthesis similarly followed in plants, 

attributed to C6H12O6 formation via reduction of CO2 into C6H12O6 and H2O oxidation into O2 

bases for petroleum. The requirement of energy for photosynthesis as well as respiration of cells 

is found through electrons transfer from reducer to oxidizer by oxidation reduction processes. 

Here, the energy is important for ATP production, the molecule that is vital for metabolic rate. 

Conversely, it is impossible to control every redox exchange appropriately, toxic sideproducts 

can be found accordingly during intermediary steps of  many biochemical processes (Scheibe et 

al., 2005). 

Oxidation is a process in which an atom, ion or molecule involves in hydrogen removal 

or addition of O2 or losing electrons while capability of oxidants is to get electrons from 
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reductants. Reduction reaction involves addition of electrons and hydrogen or removal of O2 by 

atoms, ions or molecules where reducers have the ability to give electrons to other elements. 

Oxidation is actually due to O2 because of existence one of the most strong oxidizers and the 

most common element on ground (Caruana and Holt, 2010). 

2.3.1 Free radical and reactive oxygen species (ROS)  

A free radical is actually a particle or atom with one or more than one unpaired electrons 

(Olorunnisola et al., 2012). ROS have numerous responsive types of O2 having free radicals like 

the O2, peroxide, reactive hydroxyl (OH•) radical and H2O2.  These reactive species react with 

this free electrons and changes them into free radicals  in like manner making responsive oxygen 

species exceedingly open (Bagchi and Puri, 1998).  

2.3.2. Sources of free radicals 

The development sources of of free radicals in the body include  the reactions involving 

iron & other metals having valence electrons, phagocytes, mitochondria, arachidonate trails, 

work out, infection, peroxisomes, xanthine oxidase and ischaemia. While tobacco, territory 

violations, pollution, UV light, insecticides, analgesics, cetarin medicines, & present day 

cleaners are responsible of outside  formation of free radicals  (Bagchi and Puri, 1998). 

2.3.3. Mechanism for the formation of free radicals 

The  formation of free radicals can be involved by removal of electron or by addition of   

electron to it or it may be attributed to homolysis (West, 2008; Kumar, 2011; Halliwell and 

Gutteridge, 2015). 

2.3.4. Oxidative stress by ROS 

Antioxidants are mandatory for self-protection & redox-motioning of human body. In any 

case, O
2−

 & OH
. 
 as ROS due to excessive production can cause oxidative damage and cell hurt 

by varing the normal activities of DNA, lipids, sugars and proteins which alternatively causes 

cell death. ROS are responsible of various diseases, for instance, heart disorders,strain/stress 

coagulation, language and memory related ailments & cancer causing DNA damage.Cellular 

damage ( Fig. 2.1)  will be occurred because of free radicals (Sen and Regeneration, 2003). 
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Fig.2.1. Cellular damage due to free radicals 

The capability of oxidation and functioning to neutralize the oxidative harm of body cells 

is persistently managed by our bodies ( Fig.2.2) (West, 2008). Oxidative damage happens 

because of excessive formation of free radicals than cancer prevention agents. These oxidation 

reactios are responsible for aging of various bodily parts and involved in more than 200 

degenerative diseases. Antioxidants are the primary scavengers against ROS. 

 

Fig.2.2. Free radical formation  

Generally cell growth depends on the equilibrium between formation & elimination ROS. 

ROS are involved in various chronic or normal biochemical changes, body reaction to a illness of 
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of the other body tissues and their reliability (due to cell injury & distress) or  body defense 

against different biochemical  reactions which might be attributed to initiation of chain reactions 

produced often by reactive oxygen species (Fig. 2.2). These are always developed in the cells of  

living organisms, in little amount by the transfer of one electron to an O2 particle during cell 

inoculation and respiratory chain reactios. 

 

 

 

 

Fig.2.3. Effects of ROS 

Specific antioxidant and enzymes are intended to fight against common free radicals 

produced during diverse biochemical reactions like cellular respiration.  Antioxidants provide 

complete defense system attained from diet. So, we can get power to fight free radicals by 

utilizing similar biomolecules that plants for their defence (Kunwar and Priyadarsini, 2011). 

2.4. Antioxidants  

Antioidants are achieved in two different ways, for example, endogenous as well as 

exogenous i.e., as eating routine or dietary enhancements and so on. The enzymatic cancer 

prevention agents with top proficiency include POD, SOD, glutathione & catalase (Matés et al., 

1999b) but non-enzymatic cancer prevention agents comprise of thiol antioxidants specialists 

(glutathione, lipoic destructive and  thioredoxin), vitamin E and C, regular carotenoids 

flavonoids,  melatonin, and some extraordinary constituents (McCall et al., 1999). 
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The cancer prevention agents are particles ingested by the body to protect it from cell 

damage caused by reactive oxygen species (Ahmad and Husain, 2008). These shield living 

beings from harm finally caused by uncontrolled generation of lipid peroxidation, ROS, DNA 

strand breaking and protein harm. These are as vitamin mineral, herb or nutraceutical. The 

ascorbic corrosive (Vitamin C), beta-carotene, alpha-tocopherol (Vitamin E) and catalysts, for 

example, SOD, catalase, glutathione peroxidase and are more renowned cancer prevention 

agents. The capacity to trap free radicals is the primary normal for cancer prevention agents 

(Patil et al., 2009).  

2.4.1. Types of antioxidants 

It is demonstrated now, that the common cancer prevention agents have accomplished 

prevalence over manufactured ones as a result of having non-poisonous quality, resistance and 

health significance (Kumar, 2011). Presently different plants extracts have replaced 

manufactured cancer prevention agents as a result of their positive health impacts (Miller et al., 

2000). Common cancer prevention agents called as nutrition cell reinforcements are 

fundamentally phenolic compounds as an imperative found in a variety of plants. These 

antioxidants are involved in chain breaking of free radicals and also react with radicals of lipid  

to form other secured products  Likewise, they suppress the peroxides production (Hurrell, 2003; 

Hamid et al., 2010; Kumar, 2011). 

They also shield living body to get damage by free radicals, hurtful impacts & retreat 

numerous unending infections, for example, liver brokenness, neurodegenerative scatters, 

atherosclerosis, disease, heart disappointment and diabetes mellitus and lipid oxidative rancidity 

in sustenances and so on. These cancer prevention agents include minerals, vitamins, alkaloids, 

carotenoids, phenolic constituents and so forth. These are additionally wealthy in wellspring of 

primary metabolites like alkaloids, glycosides, flavonoids, steroids and and so forth that may be 

intense bases of medications (Miller et al., 2000; Hurrell, 2003; Hamid et al., 2010). These 

manufactured cancer prevention agents are generally protected, butylated phenols and 

polyphenols which are viewed as less expensive and genuinely successful to hinder the 

procedure of oxidative degeneration than common antioxidants (Kumar, 2011).  

A couple of decades before numerous manufactured antioxidantswere found to notify with 

deference with substitute, supplement and enlarge the cell reinforcements which were once in the 
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past achieved from natural products.. Man-made antioxidants include C11H16O2, C15H24O, 

C10H12O5, metal bonding agent as ethylenediaminetetraacetic acid, C18H22O4, C10H14O2 and 

C76H52O46 and so forth (Hamid et al., 2010; Olorunnisola et al., 2012). Their exces intake is 

unsafe for human body and has various side effects as well. Man-made antioxidants also  have 

little ability to overcome the free radicals formation (Olorunnisola et al., 2012). 

2.4.2. Mode of action of antioxidants 

Commonly, these antioxidants display  their action by going through different routes 

including  breaking of chain propagation reactions as C29H50O2 which reflect to suppress free 

radical at lipid stage; via reducing the reactive oxygen species, for example, C10H17N3O6S; by 

suppressing free radical  initiation as SOD that prevent O2
-
 free radicals in lipid form and by 

bonding of metal ( having valance shell) catalyst as a set  of compounds that sequestrate  metals  

(having valance shell) which are really effective pro-oxidants (Kumar, 2011). 

2.4.3. How antioxidants help 

Antioxidants have energetic job in management of an extensive variety of progressive 

maladies. The principle focus of antioxidants involved in searching free radicals. Reactive 

oxygen species (HO2, O2 & hydroxyl radicals) are poisonous to great extent & great pathogens of 

different sicknesses as coronary illness, cataract, cancer & congestion issues. Cancer prevention 

agent compounds restrain the oxidation forms that create free radicals which create numerous 

never-ending illnesses and aging.  

Free radicals are extremely unstable and very responsive having capacity to harm atoms, 

for example, proteins, starches and deoxyribonucleic acid. The host is contantly in assault from 

these ROS which are produced in ordinary biochemical processes. Antioxidants subsequently, 

assume a fundamental job to control free radicals and ROS to give the body a chance to work 

appropriately, in this way improving regular antioxidants as competitor for ordinary metabolic 

processes which were hindered. 

Vitamin E is an well-known naturally functional chain-breaking agent that defend cells & 

other body tissues from oxidative harm of lipids  created by ROS (Muraina et al., 2009). 

Additionally, tocopherol (vitamin E) demonstrates effective action against ROS. However, 

tochopherol  is strong cancer prevention agent to end the chain responses of lipid oxidative 

degradation in  human cells (Weinberg et al., 2001). 
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 Ascorbic acid (vitamin C) is functional to keep up health of host as antioxidant additives 

effectively hinder free radicals formation in various infections & normal cell actions. Plant 

mediated antioxidants reflect their utmost properties by accelerating the disease curative action 

or stimulating the antioxidants enzyme level which include C10H17N3O6S, catalase, POD & SOD. 

SOD being enzymatic antioxidants exhibit their efficiency via impeling the 

transformation of O2
- 

into H2O2 & O2 (Bannister et al., 1987; Zelko et al., 2002). These 

antioxidants contain cofactors that rely on isozyme proximity including Cu, Zn, Fe or Mn 

(Bannister et al., 1987). These functional enzymes are present in aerobic cells as awell as 

extracellular fluids.Cytosol and mitochondria of plants contain SOD  (Johnson and Giulivi, 

2005). 

Catalases with the help of metal cofactors like Mg or Fe catalyze breakdown of H2O2 into 

O2 & H2O2 (Zámocký et al., 1999; Chelikani et al., 2004). Catalase are bound to peroxisomes in 

every single living cell (Luis et al., 1992). It is one of the best enzyme , for instance, one catalase 

molecule  can change over around six million H2O2 molecules further  into H2O & O2 inside 

every moment (Matés et al., 1999b). Catalase  is a fascinating compound that comprises of 

solitary substrate as H2O2 (Hiner et al., 2000). 

peroxidases  particularly exhibit their efficiency via catalyzing the hydroperoxides, H2O2 

& peroxynitrite (ONOO−) (Rhee et al., 2005). They comprise of 3 classes as 1-cysteine, typical 

2-cysteine and atypical 2-cysteine peroxiredoxins ( Wood et al., 1996).  

Peroxidases subscribe the indistinguishable fundamental catalytic process that involve in 

the redox-active cysteine oxidation known as peroxidatic cysteine in dynamic site to a C3H6OS  

due to the substrate action of hydrogen peroxide (Claiborne et al., 1999). These compounds are 

observed noteworthy in digestion of cancer prevention agent (Mandal and Mandal, 2016). 

Enzymatic pathway for detoxification of ROS (Ho et al., 1998) can be set as such in a structure 

for the purpose of ease. 
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Polyphenols can be acquired from numerous sources, for example, natural products, 

grains, vegetables, herbs and flavors and so on. These mixtures are of 2 two sorts: 1
st
 ones 

contain hydrophilic groups consisting of phenolic components, for instance, clear phenolics 

phenolic acids, flavonoids, anthocyanins & tannins while 2
nd

 ones demonstrated lipophilic 

groups containing phenolic compounds like C29H44O2 and C29H50O2 (Maestri et al., 2006). 

Polyphenols make all the more persistant phenolic radical while defending (ROO 
-
) that have 

reaction with ROO 
- 

in chain breaking reactions and non-radical compounds are developed 

conclusively (Kutchan, 1995). 

Polyphenolic compounds with aromatic rings showed a couple of -OH. They are such 

structures having capacity to delocalize the C6H5O- that transform into their distinct radicals by 

removing electrons which can aslo be delocalized. Owing to this feature, phenolic compounds 

show antioxidant capability as well as scavenging ability against free radical. So, these mixes are 

viewed as basic compounds in light of having capacity being determined to fight free radicals. 

Phenolic mixes contain brilliant cancer preventing efficiency (Maestri et al., 2006). 

It is recognized that cancer prevention agent (basically polyphenolic) mixes obtained 

from extracts of plants can  have action either chelating the transitional metal like Fe, O2 

extinguishing, free radical scavenging and also a reducing agents and activator of antioxidative 

defence enzyme system to lessen radical harm in natural systems (Muraina et al., 2009). 

In the light of above studies through world, two restorative plants, D. malabarica (Rauf 

et al., 2017) and D. kaki (Karaman et al., 2014) were selscted in view of having biological  and 

antioxidant potential and in addition their remedial activities. 

2.5. Diospyros species 

Genus diospyros has a place with a broad family Ebenaceae comprising of 7 genera. 

There was listed over 400 species (Yonemori et al., 2000) framing the variety diospyros and a 

few of these are of economic significance. The Ebenaceae is a group of blossoming plants having 

a place with demand Ericales.  The family is dispersed over the tropical and hotter calm locations 

of the world. The therapeutic usages & chemical components of different diospyros types are 

presently surveyed. Diospyros (around 500 species) happens all through the family's range.  

Diospyros is a standout amongst the most critical variety of Ebanaceae family was 

explored by (Sinha and Bansal, 2008). Out of its in excess of 475 species, around 100 are very 
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much investigated phytochemically. The restorative uses and chemical constituents of different 

diospyros species have been checked on before (Mallavadhani et al., 1998).  

 Peyrat et al. (2016) examined screening utilizing an infected dengue replicon cells 

constructed assay was executed in light of 3563 ethyl acetic acid derivation (EtOAc) removes 

from various organs of fifteen hundred plants. This screening prompted determination of diverse 

kinds of diospyros amongst them twenty five species conveyed in hot regions indicated 

noteworthy constrain action on infected replication due to dengue. The metabolic investigation 

was led from UPLC-HRMS outlines of thirty three naturally dynamic & dormant plant parts, and 

their metabolic nearness was exhibited as a dendrogram. The consequences of the analysis 

demonstrated that concoction closeness isn't identified with plant organ. Generally, metabolic 

report permitted us for characterizing substantial groupsof extracts, containing dynamic 

&dormant. Firmly linked outlines from dynamic concentrates may show that the normal 

significant parts of these extracts were in charge of the antiviralactivity while the correlation of 

synthetically comparable dynamic and latent concentrates will allow discovering a variety of 

compounds. In the long run, the phytochemical analysis of diospyros bark glans EtOAc isolated 

managed usnic acid &seven identified ursane-& lupane-sort triterpenoids, amongst them five 

were discovered altogether dynamic in contradiction of dengue infection replicon. The hindring 

power of such mixtures was additionally assessed on DENV-NS5 RNA subordinate RNA 

polymeric measure.  

Diospyros genus has flexible utilizations containing palatable natural products, 

significant timber, and fancy employments. The plant organs of various kinds have been being 

used like cures in different society improving hones, which incorporate treatment for discharge, 

incontinence, sleep deprivation, hiccough, and so on. Phytochemical constituents, for example, 

tannins, taraxeranes, naphthoquinones, terpenoids, Polyphenols, hydro-carbons lupanes & lipids, 

oleananes,benzopyrones and  ursanes have been segregated from numerous types of Ebenaceae 

family (Rauf et al., 2017). 

The biological activities of diospyros plants, for example, cell reinforcement, mitigating, 

pain relieving, antipyretic, hostile to diabetic disorders, anti-bacterial, anthelmintic, anti-

hypertensive , beautifying  properties , chemical hindrance and so forth approved for invitro, in 

vivo and medical tests. Being rich source of curative vital segments, this sort can quicken step of 

medication revelation. As needs be, the point was to overview and outline the ongoing literature 
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relating to restorative and pharmaceutical employments of genus diospyros & to choose trial 

proof on curative characteristics of this variety. What's more, the audit likewise goes for 

distinguishing territories that need advancement to make utilization of this class, particularly its 

products of the soil as means for monetary improvement and for medication disclosure (Rauf et 

al., 2017). 

2.5.1. Diospyros malabarica 

D. malabarica is dispersed all over India particularly in the fields of seaside areas 

and river banks. The tree is indigenous to India and Bangladesh, and is likewise found in 

numerous different nations of Asia and America (Kirtikar and Plant, 1935). The species' name 

implies interesting or outside, likely an intriguing in the country from which the species was 

portrayed. The plant species is found in Thailand and North Malaysia (Wiart, 2006) and 

presented as a decorative tree in Pakistan (Ajaib et al., 2010). Spread of plant species is through 

new seeds and the seeds develop during stormy season. Investigations at Dehradun have 

demonstrated that the viability of seeds, or, which is high when fresh, endures during storage. 

D. malabarica is fundamentally utilized in antidiarrhoeal, Spanish fly, hostile to wind chomp 

and as a tonic in the old Indian solution. Develop organic products assume a noteworthy job as 

tonic and aphrodisiace in conventional Indian solution (Kirtikar, 1918). The ethnomedicinal 

data from home grown practioners from Pakistan demonstrated that all organs of D. malabarica 

plant exceptionally fruit, bark, leaves & flowers are utilized for various curative purposes 

(Varier, 1996).  

Kaushik et al. (2011) announced that D. malabarica is utilized in society 

medication for different purposes. Different bioactive mixes were separated from this plant. 

Roots contain dihydroflavonol glycoside 5, 7, 3, 5' – tetra hydroxyl – 3' – methoxy flavones, 4'– 

O-a-L– rharmnopyranoside, leaves contain triterpenes, anthrocyanin , natural products contain 

lup-20 (29)- 3n-3a, 27-diol-29, lup-20 (29)- 3n-3ß-diol-29, taraxerone, sitosterol, gallic 

corrosive, peregrinol, organic product mash contain hexacosane, hexacosanol, ß-sitosterol, 

monohydroxy triterpene ketone, betulin, ß-D-glycoside of ß-sitosterol, betulinic corrosive, 

methyl ester acetic acid derivation, methylester B-D-glycoside of ß-sitosterol. Nowadays D. 

malabarica is being investigated as antioxidants, hypoglycemic, hostile to diarrheal, antiviral, 

antiprotozoal, anthelmintic and cytotoxic operator to treat tumor. 
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Researchers announced the fundamental phytochemical investigation of diospyros 

species. Diospyros species are important conventional medicines of Chinese home grown drug, 

Tibetan medication, and Ayurvedic prescription. Extractive qualities and subjective recognizable 

proof of phytochemicals constituents of 29 diospyros species was done. The methanolic natural 

product removes greatest level of D. malabarica (5.61%), and least level of Diospyros foliosa 

(1.25%). Products of diospyros species were demonstrated the nearness of bioactive constituents 

of alkaloids (82%), flavonoids (68.97%), tannin (55.17%), terpenoids (100%), and basic oils 

(100%) were recognized in many diospyros species (Maridass et al., 2008).  

2.5.1.1. Leaves 

Leaves are usually simple alternate or sometimes opposite or sub-opposite, subsessile, 

entire, exstipulate, narrow elliptic or lanceolate to oblong-acuminate or obtuse, glabrous or 

pubescent, often anisophyllous. Inflorescence axillary, cymose, fasciculate, pseudo-racemose, 

bracteates. The leaves are mitigating, febrifuge, depurative, obstructing, harsh, astringent, 

cooling and are utilized in dyspepsia, sickness, looseness of the bowels, dysentery, haemorrhage, 

burning of skin, diabetic disease, involuntary ejaculation, vagina maladies, injury, fart, solecism., 

scabiei & act as carminativum, purgative & stimulant . Fruits due to intense in savour are utilized 

as carminativum, stimulant & indigestive issues (Varier, 1996). 

2.5.1.2. Stem  

Antioxidant and hepatoprotective action as well as numerous other restorative 

applications has been accounted for in bark segment of stem (Mondal, 2005; Mondal et al., 

2006). D. malabarica stem has been utilized in treatment of irregular fever (Ravikumar et al., 

2014b).  

2.5.1.3. Bark 

The bark extracts deferred the intestinal travel intest animals; their anti-diarrhoeal activity 

may likewise be related with the delay in the gastrointestinal travel. The diarrhoea is a common 

ailment in almost all tropical countries of the world. It is one of the real reasons for mortality and 

injury in Bangladesh. Various medicinal plants and their preparations have long been used 

traditionally in Bangladesh to treat diarrhoea. It possesses anti-diarrhoeal activity and anti-

diarrhoeal potential of the barks. Its extracts is useful in a wide range of diarrhoeal states, due to 
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both disorders of transit e.g. functional diarrhoeas, radiation diarrhoea or due to abnormal 

secretory mechanisms like in cholera or E.coli enterotoxin induced diarrhea (Cotran et al., 1994; 

Rouf et al., 2006). The methanol extracts of the bark of D. malabarica have been investigated as 

an antidiarrhoeal (Rode et al., 2013). Anthelmintic activity of a methanol extract of unripe fruits 

of D. malabarica has been reported (Dewanjee et al., 2007b). The methanol extract of D. 

malabarica fruits has shown inhibition of the growth of a number of bacteria (Dewanjee et al., 

2007a). 
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Table 2.1.Therapeutic activities of Diospyros malabarica plant 

Note: (-do-) represents repitition 

Plant organs Extracts Activities References 

 

 

Leaves 

 Hepatoprotective (Yoshihira et al., 1967) 

 burning, diabetes,Cancer 
(Ravikumar et al., 

2014b) 

 Atherosclerosis -do- 

 
dyspepsia, leprosy, diarrhoea, 

dysentry, haemorrhages, skin 
(Varier, 1996) 

Chloroform, carbon 

tetrachloride, 

petroleumether, 

methanol and aqueous  

Antimicrobial activity 
(Ravikumar et al., 

2014b) 

Methanol, pet ether &  

ethanol&acetone  

extracts 

Anti-bacterial  action -do- 

 Anti-inflammation  -do- 

Hydro alcoholic 

extract 
Antidiabetic (Kumar et al., 2012) 

 

spermatorrhea, vaginal 

diseases, wounds, flatulence, 

prolepsis, scabies and  carminative, 

(Varier, 1996) 

  intermittent fever 
(Ravikumar et al., 

2014b) 

Stem 

Alcoholic extract Anticancer  activity (Joshi, 2000) 

   

Methanol, ethanol anti-diarrheal activity (Rode et al., 2013) 

 Bitter (Rauf et al., 2017) 

 

 
Methanolic extract Febrifuge -do- 

  Astringent -do- 

Ripe Fruit 

 

 

Antitumour activity 

Antioxidant activity 

Hepatoprotective 

Antidiabetic 

(Raju et al., 2011) 

(Mondal et al., 2006) 

-do- 

(Mondal et al., 2008) 

Methanolic extract Antidiarrhoeal (Rouf et al., 2006) 

Methanol and 

aqueous 
Healing of wound ulcer 

(del Carmen Recio et al., 

1995) 

 

Unripe Fruit 

 

 

Snake bite 
(Kiritkar and Basu, 

1999) 

Diabetes (Benthall, 1946) 

Hypoglycemic (Kumar et al., 2008) 

Antihyperglycemic activity -do- 

Ether extract Antibacterial activity (Maridass et al., 2008) 

Etanolic extract antiurolithiatic activity 
(Purane and 

Vidyadhara, 2015b) 

Methanol Anthelumintic activity (Dewanjee et al., 2007b) 

 
Antiprotozoal and 

Antiviral 
(Yoshihira et al., 1967) 

 hypoglycemic activity -do- 
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2.5.1.4. Ripe fruit 

Natural fruit globose, 3.5 cm in distance across with persistant calyx, the youthful organic 

product, green and tinted red. Natural product a berry, 5-6 cm over, subglobose, covered with a 

rusty easily detachable scruffiness; calyx much amplified, green, woody, spreading reflexed, 

secured with rusty trichomes; thin shell, mash viscid &sticky; seeds four to eight, straightened, 

ruddy dark colored. Ripened fruits as impervious to microbial  attack (Benthall, 1946). D. 

malabarica fruit is creamy yellow on ripening & is secured with a rusted effectively discrete 

shabby. Mature fruits are highly nutritious and contribute to household food security of rural 

people. Ripened fruits are eatable with ethnomedicine importance as stimulant. The plant has 

traditionally been used as an aphrodisiac, astringent, bactericide and tonic, and for the treatment 

of many ailments, e.g. diarrhoea, cholera, dysentery, fever, malaria, menorrhagia and sore throat. 

It has also been used to treat snake-bites (Kiritkar and Basu, 1999). An infusion of the fruit is 

used gargle in aphthae and sore throat. The fruits of contains tannin, flavonoids, triterpenoids and 

sugars. The matured fruits are successfully employed by the traditional healers and local people 

of costal India for the treatment of diabetes (Benthall, 1946). 

 Viswanathan et al. (2002) experimentated the basic oil of D. malabarica fruit by GC-MS, 

uncovered organization of sesquiterpene hydrocarbons (38.7%), phenyl propanoids (36.7%), 

monoterpene hydrocarbons (18.5%) and considerably littler measures of oxygenated 

monoterpenes (2.2%) and oxygenated sesquiterpenes (1.0%). The phenyl propanoid, trans-alpha-

methyl isoeugenol (31.5%) and sesquiterpene hydrocarbon, beta-bisabolene (25.9%) are 

available as significant constituents. A recognizable measure of gamma-terpinene (9.2%), 

myrcene (5.8%), alpha-cubebene (5.4%), beta-asarone (5.2%) and methyl eugenol (1.3%) 

happens in the fruit essential oil.  

2.5.1.5. Unripe fruit 

Unripe fruits were found as astringent, harsh, unpleasant and oleaginous (Anjaria et al., 

2002). Unripe organic products were examined utilized for the treatment of diarrhoea,  cholera, 

ulcer of mouth, and in wounds (Asolkar and Chopra, 1992). It is likewise utilized for Asthma, 

Cough and Taxamia in synthesis of Ayurvedic drugs. It is anti-diabetic. Ancestral people groups 

devour the natural products as crude and furthermore sold in local market. 50% of 105 plants 

concentrate of D. malabarica least endured dosage of significant activities of antiprotozoal, 
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antiviral and hypoglycemic activities were reported. The juice forms a helpful application for 

wounds and ulcers (Yoshihira et al., 1967).  

 Kaushik et al. (2011) uncovered that D. malabarica could be utilized for different 

purposes. Different bioactive compounds were separated from this plant. Roots contain 

dihydroflavonol glycoside 5, 7, 3, 5' – tetra hydroxyl – 3' – methoxy flavones, 4'– O-a-L– 

rharmnopyranoside, leaves contain triterpenes, anthrocyanin , natural products contain lup-20 

(29)- 3n-3a, 27-diol-29, lup-20 (29)- 3n-3ß-diol-29, taraxerone, sitosterol, gallic corrosive, 

peregrinol, organic product mash contain hexacosane, hexacosanol, ß-sitosterol, monohydroxy 

triterpene ketone, betulin, ß-Dglycoside of ß-sitosterol, betulinic corrosive, methyl ester acetic 

acid derivation, methylester B-D-glycoside of ß-sitosterol. Nowadays D. malabarica is being 

investigated as antioxidant, hypoglycemic, against diarrheal, antiviral, antiprotozoal, 

anthelmintic and cytotoxic agent to heal tumor. Present survey has been focused on 

phytochemical and biological investigations of D. malabarica, which are being utilized in old 

stories pharmaceuticals. 

2.5.1.6. Phytochemical constituents  

Plants have primary and secondary metabolites/substance constituents. These metabolites 

display different naturalactivities, for example, antimicrobial, antihypertensive, anticancer and 

cancer prevention agent and so on (Savithramma et al., 2012).  

 Viswanathan et al. (2002) examined the phytochemical constituents of the fruit essential 

oil of D. malabarica (Desr.) Kostel of family Ebenaceae. The fundamental oil of D. malabarica 

fruit considered by GC-MS uncovered their arrangement of sesquiterpene hydrocarbons (38.7%), 

phenyl propanoids (36.7%), monoterpene hydrocarbons (18.5%), and substantially littler 

measures of oxygenated monoterpenes (2.2%) and oxygenated sesquiterpenes (1.0%). The 

phenyl propanoid, trans-α-methyl isoeugenol (31.5%) and sesquiterpene hydrocarbon, β - 

bisabolene (25.9%) are available as significant constituents. A perceptible measure of γ-

terpinene (9.2%), myrcene (5.8%), a - cubebene (5.4%), β - asarone (5.2%) and methyl eugenol 

(1.3%) happens in the fruit essential oil. 

  Mondal et al. (2008) showed the antidiabetic movement and phytochemical screening of 

crude extracts of D. malabarica on alloxan-instigated diabetic rats. The purpose of this study was 

to evaluate anti-diabetic action of Hydro alcoholic extracts of D. malabarica (DM) family: 

Ebenaceae, leaves in alloxan induced diabetic rats. The Hydro alcoholic extract of D. malabarica 
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(DM) was examined for antidiabetic action in alloxan actuated diabetic rats by mouth 

administration of extract 200 & 400 mg per kg of figure weight for twenty eight days. The 

impact was contrasted and oral measurements of 150 mg/kg Glibenclamide. The determination 

of blood glucose level by GOD-POD packs technique. The outcome demonstrates that Hydro 

alcoholic concentrate of D. malabarica leaves lowers the blood glucose of hyperglycemic rats. 

From the poisonous quality investigation it was seen that Hydro alcoholic extract of D. 

malabarica was nontoxic up to 2 g/kg body weight and phytochemical think about demonstrated 

the presence of phytosterols, flavonoids and glycosides. It is inferred that Hibiscus cannabinus 

leaf extract has significant antidiabetic action, which brought down the fasting blood glucose 

level in alloxan induced diabetic rats 

 Sarmah and Baishya, (2013b) clarified the phytochemical screening and antioxidant 

action of Gardenia Jasminoides Ellis and D. malabarica Kostel. This paper portrayed the 

investigative give an account of phytochemical constituents and cell reinforcement movement of 

two plants. D. malabarica and Gardenia jasminoides for their potential as therapeutics. Diseases 

like malignancy, rheumatoid joint pain, liver infections and atherosclerosis and in addition in 

degenerative procedures related with maturing are the outcome of different metabolic actions in 

our body that are found due to the free radicals. Antioxidant compounds assume a basic job as a 

health protecting element and are characterized as free radical scavengers. The present 

investigation uncovered higher ascorbic corrosive substance and aggregate phenolic content in 

D. malabarica than that of G. jasminoides. Free radical rummaging movement was measured 

utilizing free radical (dpph). So, general cancer prevention agent action of D. malabarica was 

more than that of G. jasminoides. All the methanolic extracts displayed cancer prevention agent 

essentially in both the plant extracts. The IC50 estimation of the methanolic extracts ranges from 

8.68 ± 1.43 to 61.17±0.65 µg/mL. This report is subsequently suggestive of the capability of 

these two plants as restorative agents because of their antioxidative action.  

 Ravikumar et al. (2014b) surveyed the restorative uses and synthetic constituents of 

different diospyros species. Around 300 natural synthetic compounds were secluded & 

recognized. The individuality of variety is expansion of greater number of diverse triterpenes & 

juglone centered C10H6O2 metabolites. So, these metabolites might be utilized like 

phytochemical constituents for ordered examinations. It is an enduring, moderate developing 

tree, which can reach up to 35 m in stature with a dark trunk up to 70 cm in breadth. It is utilized 
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for the treatment of such sicknesses like tumor, rheumatoid joint inflammation, liver infections 

and atherosclerosis and also in degenerative procedures related with maturing is the outcome of 

different metabolic exercises in our body that outcomes in the arrangement of the free radicals. 

Cancer prevention agent mixes assume a basic job as a wellbeing guarding factor and are 

characterized as free extreme scroungers 

 Kalita et al. (2016) considered relative preliminary foliar phytochemical screening of D. 

malabrica (Desr.) Kostel and Diospyros lanceifolia Roxb. Phytochemical screening is one of the 

essential strides to discover the synthetic constituents which lead to the separation of compounds. 

The leaf extract of D. malabarica and D. lanceifolia was performed for the naturally dynamic 

secondary metabolites: alkaloids, protein and amino acids, flavanoids, steroids, triterpenoids, 

tannins, anthocyanin, saponin glycoside, phenol, lipid, gelatin, starch, carb, diminishing and non 

decreasing sugars. The leaves extract which is generally utilized as a folk medicine because of 

the presence of steroid, triterpenoids, alkaloid and tannins..  

2.5.1.7. Pharmacological activities 

2.5.1.7.1. Antioxidant activity 

 Mondal et al. (2006) carried out invitro cancer prevention agent action of D. malabarica 

Kostel bark. Cancer prevention agent action of fat free methanol bark extract of D. malabarica 

has been considered becaue of its free radical defending ability inn various invitro models e.g. 

C18H12N5O6 (dpph), (·N=O. or ·NO), superoxide, hydroxyl radical & lipid oxidation products. 

The extract indicated great measurements subordinate free radical scavenging property in all 

models except in hydroxyl radical restraint test. IC50 esteems were observed to be 9.16, 13.21, 

25.27 and 17.33 µg/mL separately in DPPH, nitric oxide, superoxide and lipid peroxidation 

hindrance tests. In hydroxyl radical inhibition assay 1000 µg/mL extract demonstrated just 10% 

hindrance with respect to control. Measurement of total phenolic compounds by Folin-

Ciocalteu's phenol reagent indicated that 1 mg of the extract contained 120.7 microg equivalent 

of pyrocatechol. The results indicate the cell protection from free radicals property of plant 

extract might be because of maximum contents of phenolics. So, the essential process may not 

comprise OH
-
 scavenging ability. 

 Sarmah and Baishya, (2013b) explained the phytochemical analysis and antioxidant 

activity of Gardenia Jasminoides Ellis and D. malabarica Kostel. This paper described the 
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investigative report on phytochemical constituents and antioxidant activity of two plants. D. 

malabarica and Gardenia jasminoides for their potential as therapeutics. Diseases like cancer, 

rheumatoid arthritis, liver diseases and atherosclerosis as well as in degenerative processes 

associated with ageing are the consequence of various metabolic activities in our body that 

results in the formation of the free radicals. Antioxidant compounds play an imperative role as a 

health defending factor and are defined as free radical scavengers. The present study revealed 

higher ascorbic acid content and total phenolic content in D. malabarica than that of G. 

jasminoides. Free radical fighting action was assessed using C18H12N5O6 (dpph). Generally, D. 

malabarica antioxidant action was more significant than G. jasminoides. All plant organs 

extracted in methanol presented antioxidant effects expressively in both plant extracts. The IC50 

value of plant parts extracted in methanol ranges from 8.68 ± 1.43 to 61.17±0.65 µg/mL. This 

report is thus suggestive of the potential of these two plants as therapeutic agent by virtue of their 

antioxidant activity. 

 Kavatagimath and Jalalpure, (2015) contemplated screening of ethanolic extract of D. 

malabarica (Desr.) bark for anti-diabetic and antioxidant potential. D. malabarica (Desr.) bark 

ethanol remove was considered for the OGTT study and intense and sub-intense consequences 

for alloxan induced diabetic rats. Blood glucose levels, Serum lipid profiles and 

histopathological investigation of pancreas were performed. The bark extract was likewise 

considered for DPPH radical scavenging potential. Ethanolic bark extract of D.malabarica 

essentially enhanced the glucose resistance test upto 4h roughly, 17% and 29% decrease in blood 

glucose level was seen at 2 h and 4 h separately. Blood glucose bringing down potential rate was 

19% at 6 h in intense study and following 15 days of treatment it was 39% in subintense 

investigation. The extract likewise indicated better movement in extinguishing DPPH radical. 

Ethanolic separate (200 mg/kg) treated diabetic rats demonstrated fractional rebuilding of 

ordinary cell populace and size of islet cells.  

2.5.1.7.2. Anti-diabetic activity 

 Mondal et al. (2008) exhibited methanol concentrate of bark of D. malabarica at dosages 

of 200 and 400 mg/kg demonstrated noteworthy hypoglycemic action on typical rats. The extract 

likewise applied significant antihyperglycemic impact in alloxan-induced hyperglycemia and 

brought about increase in plasma protein substance and decrease in basic phosphatase, 

cholesterol and triglyceride levels when contrasted and those in the diabetic untreated group. 
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Anyway there was found no noteworthy changes in body & kidney weights of the D. malabarica 

extract treated creatures, contrasted with those of the untreated diabetic rats as a control. In any 

case, the extract of D.malabarica demonstrated a potential antioxidative action by increasing 

catalase action and decreasing lipid peroxidation in liver. The outcomes show antidiabetic action 

of the defatted methanol concentrate of D. malabarica bark. 

 Dewanjee et al. (2009) contemplated the antidiabetic action of fruit of D. malabarica: 

Influence on high blood pressure, hypercholesterolemia & enlarged damage due to oxidation in 

investigated type 2 of diabetes. D. malabarica is a consumable product of costal West-Bengal. 

This investigation was accepted to estimate role of watery extract D. malabarica fruit in 

Streptozotocin (STZ) and Nicotinamide (NA) prompted rats suffering from type 2 of diabeties. 

Oral organization of plant extracts at dosages of 50 &100 miligram per kg figure weight 

everyday fortwenty eight days to diabetic mice was initiated comprising significant dose 

dependant high blood pressure & lipid-lowering drug action.The increased number of ROS and 

inadequate antioxidant action is related with diabetes mostly answerable for diabetic pathologic 

process. The part of plant extracts on antioxidant indicators of kidney & liver were estimated. 

Diabetic mice revealed inactive action of catalase and SOD enzymes as well as reduced contents 

in hepatic cirrhosis and nephric tissues in comparison to normal mice.  SOD, C10H17N3O6S 

(GSH) and CAT action was found to be improved in plant extracts cured diabetic mice in 

designated tissues. The increased level of lipid peroxidation (thiobarbituric acid reactive 

substances and hydroperoxide) in diabetic rats was also found to be reverted back to near normal 

status in extract treated groups. 

2.5.1.7.3. Antimicrobial activity 

 Gayathri et al. (2009) examined antimicrobial action of D. malabarica (Desr.) Kostel 

utilizing distinctive dissolvable extracts: an in vitro study. The present investigation was led in 

four diverse dissolvable extracts of leaves of D. malabarica (Ebenaceae) and was screened 

against reference societies, clinical isolates and fungal strains under in vitro condition. Among 

the four dissolvable extracts of D. malabarica tried against chosen reference societies, ethyl 

acetic acid extract was found to show the most noteworthy action (24 mm) against P. aeruginosa 

pursued by a second higher activity (13 mm) by ethyl acetic acid derivation, methanol and 

watery extracts against P. aeruginosa, Yersinia enterocolitica and Staphylococcus aureus. 

Methanol extract was found to hinder the action of greatest number of reference microorganisms. 
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On account of clinicalisolates, watery extract of D. malabarica was found to indicate higher 

action (13 mm) against ESBL Klebsiella (ICMR-6) trailed by a second higher activity utilizing 

methanol extract of D. malabarica (12 mm) against ESBL Klebsiella (ICMR-6) though ethyl 

acetic acid extract did not demonstrate any action. Streptomycin was utilized as the positive 

control. Six parasitic pathogens were tried for least inhibitory concentration. Fluconazole was 

utilized as reference. In light of the antimicrobial action, crude extracts were examined for GC-

MS to discover the presence of wide scope of alkaloids. 

2.5.1.7.4. Anti-cancer activity 

 Raju et al. (2011) assessed antitumor movement of D. malabarica on Ehrlich cells in 

mice. Methanol D. malabarica (Ebenaceae) bark extract (MEDP) were assessed for anticancer 

action against Ehrlich cell with Swiss pale skinned personr odents. Plant extracts were controlled 

with 200 & 400 mg/kg body weight daily for fourteen days after 24 h of lump vaccination. 

Afterward, last measurement & 18 h abstaining, rodents were surrendered. This investigation 

manages impact of MEDP in development of transplanted murine lump, lifetime of EAC-bearing 

rodentsand hematological outline MEDP caused high (P < 0.01) fall in cancer size, stuffed cell 

size & feasible cell total; & it delayed life expectancy of EAC-cancer having rodents. 

Hematological outline changed over towards pretty much typical levels in extract treated mice. 

The results demonstrate that MEDP displayed huge antitumor movement in EAC-bearing mice. 

Gopalakrishna et al. (2014) ontemplated against ulcer action of D. malabarica bark in 

ulcer induced rats. Peptic ulcer is a typical gastrointestinal ailment and it influences especially 

the working long periods of a patient's life and its social ramifications are impressive. In the 

indigenous arrangement of drug, the D. malabarica bark is accounted for to be valuable in the 

treatment of gastric ulceration. Henceforth, in the present investigation, the D. malabarica bark 

has been chosen for its anti ulcer strength on tentatively initiated ulcer in rats. The verified D. 

malabarica bark were dried in shade and powdered coarsely. Extraction was finished by standard 

technique utilizing systematic review solvents. The coarse powder of D. malabarica bark was 

soxlet separated by solvents with increasing order of polarity i.e. oil ether (60-80 °C), chloroform 

(59.5-61.5 °C), ethanol (64.5-65.5 °C), and distilled water. The extracts obtained were 

concentrated under reduced pressure. In the pharmacological screening, the effect of different 

extracts of D. malabarica bark was evaluated for their anti-ulcer profile by using Pylorus 

ligation, and ethanolic induced models using albino rats. Initial phyto-chemical investigation 
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exposed the flavonoids presence and occurance of carbohydrates, proteins, tannins and 

glycosides in chlorofom extract. LD50 cut-off dose was found to be 2000 mg/kg b.w. for the 

extracts of D. malabarica bark. Hence therapeutic dose was taken as 500 mg/kg b.w. for all 

extracts. Treatment with chlorofom extract of D. malabarica bark significantly showed the anti-

ulcer activity as compared to control. The results were comparable to that of standard drug 

(Lansoprazole). From the literature survey and the work carried out, it may be confirmed that D. 

malabarica bark does possesses anti-ulcer property. Phytochemical investigation suggests the 

presence of flavonoids, tannins which may be responsible for the anti-ulcer activity. 

2.5.1.7.5. Antidiarrheal activity 

 Rode et al. (2013) assessed the counter diarrheal action of D.malabarica bark extract. 

The investigation was attempted to check the counter diarrheal action of the ethanolic extracts of 

D.malabarica Kostel bark at focus (200, 400 mg/kg) utilizing distinctive exploratory model, for 

example, castor oil-prompted diarrehea, gastrointestinal motility and enteropooling. 

D.malabarica extricate indicated noteworthy anti-diarrheal action in dose dependent way. The 

outcomes exhibit the D. malabarica could act by credited to an anti-electrolyte penetrability 

activity, restrain the PGE (2) midway and furthermore antimuscarinic action to give against 

diarrheal impacts. Heresults of charcoal supper test likewise proposed its anti-muscarinic action. 

These findings demonstrate that ethanolic concentrate of the D.malabarica shows great anti-

diarrheal activity, validating the people utilization of D. malabarica synthesis and contributing 

for its pharmacological approval. 

2.5.1.7.6. Antiurolithiatic activity 

 Purane and Vidyadhara, (2015b) explored the antiurolithiatic action of ethanolic extract 

of fruit of D.malabarica (Desr.) Kostel (EEFDMDK) on rats in ethylene glycol (EG) and 

Ammonium chloride (AC) induced urolithiasis model. Twenty four male rats product 

haphazardly separated in to four groups (n = 6). Ethylene Glycol (C2H6O2) 0.75 % 

(volume/volume) & NH4Cl 2 % (weight/volume) in intake H2O were feed to all groups of rats 

(Groups II, III, and IV) aside from ordinary control (Group I) rats for 10 days to instigate 

urolithiasis. Gathering III and IV rats were treated with EEFDMDK at 250 & 500 miligram per 

kg oral (P.O.) for 10 times. Group I and II (positive control) rats were controlled 6μl refined 

water (DW) per 1g of body weight by gavage for 10 days. The change in body weight of animals 



51 
 

was calculated (final weight on 10th day - initial weight on 1st day) and we observed that, weight 

of rats in positive control group was significantly decreased as compared other rodents groups. 

At 10th day end of trial duration, blood samples were collected & analyzed for biochemical 

parameters i.e. serum concentration of urea, creatinine, calcium and phosphorus. The kidneys 

were removed and sectioned for histopathological studies. Treatment with the EEFDMDK 

restored all the elevated biochemical parameters when compare to positive control group. The 

histopathological studies confirmed the induction of urolithiasis as damages in kidney and crystal 

deposition was observed in section of kidney from animal treated with EG and AC. This was 

reduced, however after treatment with the EEFDMDK. The conclusion of this study was 

EEFDMDK showed significant antiurolithiatic activity and possible mechanism underlying this 

effect is mediated collectively through diuretic and antioxidant properties. 

2.5.1.7.7. Antistress activity 

 Purane et al. (2016) explored the antistress action of D.malabarica (Desr.) Kostel in mice 

and rats. The motivation behind this examination was to assess antistress action of roots of D. 

malabarica (Desr.) Kostel (DMDK) against anoxia push resistance, compound initiated pressure, 

swimming perseverance stress and immobilization stretch models in mice and rats. Ethanolic 

extract of underlying foundations of DMDK (EERDMDK) was screened for its antistress action 

at 125 mg per kilogram, 250 mg per kilogram and 500 mg per kilogram, measurements and 

diazepam was chosen as reference standard at 2 mg/kg i.p. measurements. Stress was induced by 

anoxia stress tolerance, chemical induced, swimming endurance and immobilisation stress 

models in mice and rats.  The antistress activity was evaluated by measuring anoxia stress 

tolerance time, number of writhes, immobility time, organs weight of animals and estimating 

biochemical parameters such as glucose, cholesterol and blood urea nitrogen. Pretreatment with 

EERDMDK showed significant increases in anoxia stress tolerance time and significant 

decreases in number of writhes and immobility time in mice and this effect was dose dependent 

when compared to control. In immobilisation stress model pretreatment with EERDMDK 

showed significant reduction in level of biochemical parameters such as glucose, cholesterol and 

blood urea nitrogen, whereas stress induced increase in liver, adrenal gland weight and decrease 

in weight of spleen were significantly reversed by EERDMDK in dose dependent manner i.e. 

EERDMDK restored weight of organs and level of biochemical parameters when compared to 

positive control. The conclusion of our study indicated that EERDMDK possessed significant 
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antistress activity and possible mechanism underlying this effect is mediated through 

normalization of catechol amines level. 

2.5.2 Diospyros kaki 

D. kaki was accounted for one of their nutritive plnt granted by potent antioxidant action 

(Jung et al., 2005). Diospyros kaki exists in beefy sinewy tropical, deciduous natural product of 

family, Ebenaceae. Diospyros kaki is usually developed in cosy locales of the world like Turkey, 

Italy, Japan, Brazil, Korea, and Chin (Itamura et al., 2004; Yokozawa et al., 2007). The 

worldwide generation of D. kaki in 2007 came to more than 3.3 million tons, 10.0 % from Korea, 

7.0 % from Japan and 70.0 % from China. The D. kaki is n't so main stream in European people 

group yet its interest is expanding attributable to shopper's mindfulness with respect to its 

shrouded health advancing potential. Persimmon is intriguing for the perusers that  Diospyros 

kaki (Japanese fruit) is utmost encouraging plant (Zheng et al., 2006; Rahman, 2007). 

Mediterranean area is additionally reasonable for  Japnese persimmon generation which has 

come upto one lac ten thousand tons (Jung et al., 2005; Luo and Technology, 2007). 

2.5.2.1. Leaves 

The leaves alternate is elliptical with dark colored furry petioles that are 2 centimeters 

(0.8 in) long. They are leathery and shiny on the upper surface, dark colored and smooth 

underneath. The leaves are deciduous and pale blue green in shading. In the fall, they swing to 

yellow, orange, or red (Julia and Morton, 1987).  

Chen et al. (2002) investigated the effect of five triterpenoid blends separated from leaves 

of D. kaki on lift impelled superoxide age and tyrosyl phosphorylation in human 

polymorphonuclear leukocytes. The harsh drug ''kaki-yoˆ '' is an ordinary pharmaceutical used in 

Japan as a hypotensive medicine.  Effect of 5 triterpenoid mixes, secluded from D. kaki leaves on 

stimulus-prompt O2
- 

generation & phosphorylation of protein tyrosine residues in human 

neutrophils was investigated. The five compounds examined were aamyrin (A), uvaol (UV), 

ursolic acid (UA), 19 a-hydroxy ursolic acid (HU) and 19 a,24-dihydroxy ursolic acid (DHU). 

When the cells were preincubated with these compounds, the superoxide generation induced by 

N-formyl-methionyl-leucylphenylalanine (fMLP) was significantly suppressed in a 

concentration-dependent manner. These compounds also suppressed the superoxide generation 

induced by arachidonic acid (AA) in high concentrations. In the case of the superoxide 

generation induced by phorbol 12-myristate 13-acetate (PMA), UA, HU and DHU suppressed 
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the superoxide generation but Aand UV gave no effect. When the cells were incubated with 

fMLP in UA, HU and DHU, fMLP-induced tyrosyl phosphorylation of 45 kDa proteins of the 

cells was dose-dependently suppressed in parallel to the suppression of fMLP-induced 

superoxide generation. Triterpenoid compounds suppress stimulus-induced superoxide 

generation and tyrosyl phosphorylation and may have pharmaceutical applications. 

 Sakanaka et al. (2005b) clarified the formation and cancer prevention agent properties of  

leaf tea extracts  of persimmon. H2O and CH3OH extracts of persimmon leaf tea showed 

antioxidant capability & free radical rummaging action. Antioxidative action was estimated 

utilizing a β-carotene (C40H56) dying strategy. Action of H2O was exceptionally solid and 0.12% 

greater as compare to of 10 mM C6H8O6 (vitamin C). The rummaging action against O2
- 

by 

CH3OH extract was powerful than H2O extract, while 0.05% concentration of methanol extract 

showed about 50% inhibition. Dpph radical-scavenging activity of H2O &CH3OH extracts was 

significant and 0.1% H2O extracts exposed 90% hindrance. Hydroxyl radical rummaging action 

of extractson 1% was nearly equal to that of 1 mM ascorbic acid. These results indicated the leaf 

tea extract of persimmon as natural antioxidant approach.  

 Kawakami et al. (2010) investigated noteworthy water-dissolvable polyphenols, 

proanthocyanidins, in leaves of persimmon and their α-amylase inhibitory development. The 

totals and structures of polyphenol in persimmon leaves and persimmon leaf tea were inquired 

about. The extraordinary polyphenols in fresh leaves were water-dissolvable, and the substance 

accomplished a biggest (2.40% w/w) in June, and a while later ceaselessly lessened. Parcel of 

them sought after by thiolytic debasement revealed that the huge fragments were astounding 

proanthocyanidin oligomers containing four heterogeneous expansion units, including 

epigallocatechin-3-O-gallate. Persimmon leaf tea in like manner contained practically identical 

proanthocyanidins with compositional units. Oral association of starch with polyphenol 

considers persimmon leaf tea realized an enormous and estimations subordinate reducing in the 

blood glucose level in Wistar rats. This effect is seen as a result of restriction of pancreas 

amylase. These results demonstrate that persimmon leaf tea containing excellent 

proanthocyanidins has an important activity in covering blood glucose ascends after starch 

confirmation, and that the best harvest time is June. 

 Sun et al. (2011) considered phytochemical and natural study of D. kaki L. growing in 

Egypt. The leaves of D. kaki L. is a standard pharmaceutical used in Japan for management of 
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hypertension, angina & internal hemorrhage. This study aims to investigate antitumor & 

antimicrobial effects of ethanol (C2H5OH) extract, unsaponifiable constituent and ethyl acetate 

(C4H8O2) extract of this plant. Moreover, seven compounds were isolated from the leaves and 

their activities were evaluated. The anticancer activities were studied using Hela and  MCF-7 cell 

lines of breast  &cervix cancer, respectively. Antimicrobial action was studied by in vitro 

diffusion agar method. The EE, USM and EtOAc remove showed anticancer activities against 

MCF-7 chest malady cell line (IC50=50μg/mL, 25.4μg/mL and 19.8 μg/mL exclusively) and 

HeLa-cervical carcinoma cell line (IC50=46.2μg/mL, 7.8 μg/mL and 16.7μg/mL independently). 

Amongst the secluded composites, C30H50O (1) was utmost powerful reflecting anticancer action 

against Hela and MCF-7 cell lines of breast  &cervix cancer, respectively (IC50 = 20.7μg/mL 

and 23.7μg/mL independently). The EtOAc expel showed strong antimicrobial development 

against each and every attempted microorganism with zones of limitation running from 13.6 to 

24.6 mm at a gathering of 5 mg/mL. Separated compounds showed different activities against the 

tested microorganisms, with kaempferol being the most active.  

 Xie et al. (2015) observed that persimmon (Diospyros kaki L.) leaves, known as Shi Ye 

(in Chinese), comprising extensive antiquityof  Chinese conventinal therapy for cure of ischemia 

stroke, angina, internal hemorrhage, hypertension, atherosclerosis and some infectious diseases, 

etc. Additionally, persimmon leaves could be used as healthy products and cosmetics that have 

developed progressively prevalent in Asian countries, such as Japan, Korea and China etc. The 

current study appraised pharmacognosy, phyto-chemistry, diagnostic systems, biotic actiion and 

toxic measurements of persimmon leaves to evaluate the pharmacognosy usage & to discover 

medicinal capacities along with forthcoming prospects for investigation of D. kaki leaves that 

have an imperative part in Chinese system of medicines. Main compositions of persimmon 

leaves were flavonoids and terpenoids. Technical investigations on extracts & preparations 

uncovered a vast scope of  curative  exercises including antioxidative, 

hypolipidemic, antidiabetic, antibacterial, hemostasis activities and effects on cardiovascular 

system. Based on the pharmacological activities, persimmon leaves were widely used in clinic 

including treatment of cardiovascular disease, hemostasis, antibacterial, anti-inflammatory and 

beauty treatment.  

 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/traditional-chinese-medicine
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hypertension
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phytochemistry
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/flavonoids
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pharmacological-activity
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/anti-diabetic-medication
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2.5.2.2. Ripe fruit 

D. kaki fruit was likewise researched to practice hypercholesterolemia, cancer prevention 

agent and free radical searching impacts (Matsuo et al., 1978; Gorinstein et al., 1998). D. kaki 

organic product contains bottomLess polyphenols, including dense tannin and other phenolic 

compounds  which are identified with the different physiological capacities, including 

detoxification impact on snake venom and also dangerous substances created by microorganisms 

(Okonogi and Hattori, 1978; Okonogi et al., 1979) the the inhibitory consequences for long-

lasting lymphocytic leukemia (Hibasami et al., 1996; Achiwa et al., 1997b) the inhibitory 

consequences for mutagenicity of C-nitro (C6H5NO2) & C-nitroso (R−N=O) compounds 

(Hibasami et al., 1996) and the hindrance of the occurrence of stroke and the expansion of the 

life expectancy of stroke-inclined suddenly hypertensive rats (Uchida et al., 1995).  

 Vinha et al. (2011b) considered the compound organization and cancer prevention agent 

movement of Portuguese D. kaki fruit by topographical causes. Recently, a few investigations 

have shown the medical advantages related with common mixes utilization. Natural product 

phenolics, lycopene and ascorbic corrosive, have solid cancer prevention agent, calming, 

antimugenic and anticarcinogenic exercises. In the present investigation parameters identified 

with organic product quality and climacteric conditions, for example, shading, dampness, pH, 

water movement; add up to phenolic mixes, ascorbic corrosive and lycopene content were 

examined. D. kaki cv. chocolate natural products were extricated with various solvents, for 

example, methanol, ethanol and water. Add up to polyphenolics of each concentrate controlled 

by Folin-Ciocalteu strategy were observed to be higher in methanolic extricate (106.2 mg/100g 

example) and lower in ethanol (21.9 mg/100g example) considering Diospyros organic products 

with peel. The cancer prevention agent movement (AA) was assessed by an in vitro demonstrate 

framework trough 1,1-diphenyl-2-picrylhydrazyl radical searching limit (DPPH•) examine. 

Critical varieties were found in the levels of these parameters as indicated by various geographic 

locales. It was conceivable to depict relationships between's the cancer prevention agent mixes 

(polyphenolics, ascorbic corrosive and lycopene) and the cell reinforcement movement. Watery 

dissolvable was more successful on the extraction of cancer prevention agent mixes from 

Portuguese Diospyros organic products with 52% radical searching movement. Results bolster 

the significance of D. kaki cv. chocolate natural products, Portuguese cultivar, as an utilitarian 
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sustenance with high cancer prevention agent potential that may have helpful impacts against 

oxidative human harm.  

 Butt et al. (2015) depicted the fruit of D. kaki: shrouded biochemicals & health 

promoting asserts. Presently, food & health associations concentrated on evolving approach of 

intake founded routine to fight several biological extortions comprising cardiac maladies, 

oxidative harm, diabetic disorders and so forth.  So, in these unique circumstance, utilization of 

soil products is increasing extensive significance as shield to keep up human wellbeing. 

Moreover, their phytochemicals and bioactive particles are additionally getting to be well known 

as capable of anti-inflammation against different diseseas. This review was little struggle to 

summarize evidences about Japnese fruit due to its promising phytochemistry & linked health 

assertions. Appropriately, the job of its specific bioactive particles including proanthocyanidin, 

catechin, tannins, flavonoids, anthocyanidin carotenoids and so forth is featured. Inferable from 

rich phytochemistry, persimmon and its items are viewed as powerful in alleviating oxidative 

harm actuated by ROS. 

 

 Cho et al. (2017) explored the quality attributes of dried persimmon (D. kaki Thunb) of 

various fruit sizes. Products of persimmon were considered as one of the health advancing 

nourishments which has been built up as one of the significant natural products in Korea. 

Persimmon is one of the natural products handled essentially by drying. Quality attributes of 

dried persimmon arranged with various organic product sizes of cultivar Sanggandungsi were 

examined. Smaller sized fruits showed significantly high weight loss as compared to bigger ones 

due to drying. On the other hand, bigger sized fruits possessed significantly high value for 

hardness after 35 days of drying. Size of fruit was not found to be vital for soluble solid contents 

of dried fruits. One of the important bioactive molecules of persimmon fruits (tannin content) is 

significantly high in bigger sized fruits as compared to smaller ones. Significant differences in 

various parameters among different sized fruits indicate that, 

 Matsumura et al. (2017) analyzed the dried products of D. kaki thunb are a customary 

food in Japan and contain substantial amounts of tannins. In this examination, we researched the 

in vitro and in vivo cancer prevention agent possibilities of none extractable organs from dried 

persimmons. Hydrolysed non-extractable parts demonstrated the most elevated 

antioxidantactivity in vitro. In consequent trials, the plasma oxygen radical absorbance limit 
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(ORAC) values in rats enhanced with a 5% non-extractable portion were roughly 1.5 times 

higher than those in control rats after one week in vivo. Besides, utilizing an in vitro model of the 

gastrointestinal tract, the ORAC estimations of the non-extractable portion were fundamentally 

expanded with colonic aging in the extensive bowel step. This information demonstrates that 

non-extractable parts may have noteworthy cancer prevention agent potential invitro and vivo.  

Physicochemical characteristics of dried persimmon fruit could be affected by the fruit size. 

  

                     Table2.2. Therauptic activities of Diospyros kaki plant 

Plant organs Extracts Activities References 

 

 

 

 

 

 

 

 

 

 

 

Leaves 

Aqueous Antidiabetic (Kawakami et al., 2010) 

 

Ethanolic 

Anti carcinogenic agent 

Antimicrobial 

Anticancer 

(Suzuki et al., 2005b) 

Mowad et al.(2014) 

(Singh and Joshi, 2011b) 

 Anticancer (Park et al., 2002b) 

Aqueous Antimutagen, (Achiwa et al., 1997b) 

Methanol Antioxidant activity (Sun et al., 2011; Dalvi et al., 

2018) 

 Anti-cancer , 

Anti-inflammatory, 

Lowering of blood pressure 

Anti-bacterial effect 

(Zhang et al., 1983b) 

-do- 

-do- 

 

-do- 

 

 

 

Methanol 

Antithromboticactivity 

Antioxidant activity 

Immunomodulatory activity 

(Chen et al., 2007a) 

 

(Chen et al., 2018) 

(Sakanaka et al., 2005b) 

 liver-protecting activity (Funayama et al., 1979) 

 Anti-allergy 

 

(Funayama et al., 1979) 

 Anti wrinkle effect (An et al., 2005) 

Ethyl acetate Neurodegenerative diseases, (Huang et al., 2016a) 

 antioxidant, 

a-amylase inhibitory activity 

a-glucosidaseinhibitory 

(Jung et al., 2012) 
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activity 

Aqueous extract 

 

α-amylase inhibitory activity (Kawakami et al., 2010) 

 

 

 

Stem 

 Antigenotoxic activity 

Antioxidant activity 

(Kim et al., 2006) 

-do- 

   

Aqueous Antibacterial activity (Arakawa et al., 2014) 

 

 

Bark 

Methanol ethanol Anti-diabetic activity (Mamun-or-Rashid et al., 

2014) 

Chloroform Antifungal activity (Singh et al., 2012) 

 

 

 

 

 

 

    Ripe Fruit 

 

 

 

Methanol Antimicrobial activity (Shah et al., 2012) 

Methanol Antioxidant, 

Antiinflammatory 

Antimugenic Anticarcinogenic 

activity 

(Vinha et al., 2011b) 

-do- 

-do- 

-do- 

Ethanol Antigenotoxic activity 

Antioxidant 

(Jang et al., 2010) 

-do- 

 Anti-inflammatory,Anti-

carcinogenic and Antioxidant 

activities 

(Wang et al., 1996b) 

Ethyl Acetate Anti-inflammatory, 

Antioxidant 

(Kim et al., 2011) 

 Hypercholesterolemia (Gorinstein et al., 2000) 

 Antidiabetic activity (Butt et al., 2015) 

   

 

 

Unripe Fruit 

Methanol Hypercholesterolemia (Singh and Joshi, 2011b) 

 Antidiabetic, Anti-cancer, 

Hypotensive, Anti-febril, 

Antivininous &anti-

inflammation  

(Yaqub et al., 2016b) 

 Detoxifying activity (HOUGHTON, 1993) 

Note: (-do-) represents repitition 
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2.5.2.3. Unripe fruit  

 Ito et al. (1962) secluded the tannin of Japanese persimmon (D. kaki L.) from methanol 

concentrates of unripe kaki natural product (Japanese persimmon) and it was discovered that 

fundamental constituent creating kaki tannin was a leucoanthocyanin. Its acetic acid derivation 

and methyl ether were readied and their properties and responses were considered. From the 

consequences of these investigations, kaki tannin was ventured to be a (+) leucodelphinidin-3-

glucoside (5,7,3', 4',5'- pentahydroxyflavan-3,4-diol-3-glucoside). 

 Matsuo et al., (1978) inspected an incompletely sanitized tannin was set up by a K2HPO4 

precipitation technique from youthful persimmon natural product (Diospyros kaki L., cv. 

"Hiratanenashi," astringent compose). Halfway filtered tannin was set up by a K2HPO4-

precipitation strategy from youthful persimmon natural product (Diospyros kaki L., cv. 

―Hiratanenashi,‖ astringent composes). The kaki-tannin gave delphinidin and eyanidin on 

corrosive hydrolysis. It‘s methylated subordinate demonstrated Ύmax 1720 cm-1in IR range and 

had the sub-atomic weight of ca. 1.38x104 daltons in Mw. From the aftereffects of toluene-α-

thiol treatment, it is proposed that the kaki-tannin comprises of catechin, catechin-3-gallate, 

gallocatechin, gallocatechin-3-gallate and an obscure terminal deposit, and has a place with 

proanthocyanidin B gather with a carbon-carbon interflavan linkage from C-4 of one unit to C-6 

or C-8 of another unit. 

2.5.2.4. Phytochemical constituents 

 Butt et al. (2011) clarified the at present, sustenance and wellbeing linkages concentrated 

on rising technique of eating routine based regimen to battle different physiological dangers 

including cardiovascular clutters, oxidative pressure, diabetes mellitus, and so on. In this specific 

circumstance, utilization of leafy foods is increasing significant significance as protect to keep up 

human wellbeing. Moreover, their phytochemicals and bioactive atoms are likewise getting to be 

well known as promising demulcent against different illnesses. The present survey is a push to 

aggregate up data in regards to persimmon organic product with extraordinary reference to its 

phytochemistry and related wellbeing claims. In like manner, the job of its specific bioactive 

atoms like catechin, proanthocyanidin, tannins, carotenoids, anthocyanidin and flavonoids is 

featured. Inferable from rich phytochemistry, japnese fruit & its substances are regarded like 

compelling in moderating harm due to oxidation initiated via ROS. The cancer prevention agent 
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potential is excessively in charge of against threatening and hostile to melanogenic viewpoints of 

persimmon practical fixings. Furthermore, they are adequate in relieving way of life related 

inconsistencies e.g. diabetes mellitus and cardiovascular disperses. There is shown surity about 

pharmaceutical uses of Diospyros kaki and its functional constituents as proanthocyanidin might 

be helpful against high blood pressure and hypercholesterolemia. On the whole, Diospyros kaki 

and its organs having antioxidant potential are considered as effective components in eating 

routine centered treatment; regardless, organized study and meta-investigation are required so far 

to redesign intentions. 

 Singh and Joshi, (2011b) announced ordered all the phytochemical and pharmacological 

examinations with respect to the plant D. kaki (Ebenaceae). The plant is customarily used to treat 

different afflictions like gonorrhea, leucorrhoea, menorrhoea, diabetes, and hack and furthermore 

in the treatment of herpes. A few phytoconstituents has been confined and recognized from the 

distinctive parts of the plant having a place with the class of glycosides, flavonoids, tannins, 

saponins, sterols and triterpenoids. 

 Yaqub et al. (2016b) contemplated science and usefulness of bioactive mixes present in 

persimmon. Broad study has correlated the utilization of D. kaki wit decreased danger of 

different illnesses & especially featured nearness of phenolic mixes due to their restorative 

characteristics. Significant phenol mixes found in Diospyros kaki as C10H10O4, C9H8O3, C6H2 

(OH). C40H56O, C40H56 and C40H56O2 are essential carotenoids with cancer prevention capability. 

These are critical to predict oxidation of LDL proteins, protect β-cells of the liver and decrease 

cardiac illnesses, malignancy, diabetesmellitus & harm caused by endless liquor utilization. They 

detailed the science and medical advantages of bioactive mixes present in persimmon and 

checked on to urge approaching applications and to encourage additionally inquire about 

exercises.  

 Kashif et al. (2017) clarified an outline of cosmetics & dermatology related advantages of 

D. kaki & its phyto-constituents. D. kaki L. having a place with family Ebenaceae, normally 

referred to as Diospyros kaki is utilized like restorative floare in Chinese conventional 

medication from numerous ages on behalf of various infirmities containing beauty care products 

and dermatological uses. Generally this is utilized to deal diverse skin problems as blemishes, 

skin emissions & dermatitis. This intrigue has been engaged in utilization of regular biologically 

active mixes in different healing & enhancing uses in dermatology & cosmetics related dis-
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ciplines.  Target of this editorial is displaying total information on probable utilization of 

persimmon because of its conceivable job in dermatology & corrective disciplines. Logical 

information has been uncovered a magnificent posi-tion of D. kaki in both dermatology and 

restorative control settling on it an important decision in individual field. Dynamic standards 

from various plant parts have appeared to have mitigating, antialler-gic, photograph defensive, 

and hostile to wrinkle impacts with calculable exercises against tyrosinase, elastase, and 

collagenase catalysts. Promising cancer prevention agent movement and skin brightening 

potential, increased by decrease in smegma secretion. Substance & decrease in bulk &  pores 

number of skin  settle on it as reasonable decision like restorative fixing. Information has been 

abridged & exhibited on accessible sub-atomic component which may be contributed toward 

phyto-constituents utilization in beautifying agents & dermatological interceded through various 

cell trails. Unrefined concentrates & few of phyto-chemical acquired from it, for example, 

hyprine & C21H20O12 have preferred detailed exercises over surely understood restorative fixings 

as kojic aci, arbutin, & hydro-quinone showing probability of no reactions. Photograph security 

beside deteriorating impacts of ultraviolet A  and B & gamma radiation may assist skin with 

fighting great oxidative harm & ROS. Advance examination should be coordinated toward 

human subjects for assessment of these announced exercises for acquiring ideal business and 

modern advantages from this significant plant.  

2.5.2.5 Pharmacological activities 

2.5.2.5.1. Antioxidant activity 

 Akter et al. (2010) investigated the cell reinforcement exercises of persimmon seed 

separates (PSE) utilizing diverse solvents, for example, ethanol, methanol, and their fluid 80% 

solvents. The EC50 estimations of the concentrates from supreme ethanol (EE) and methanol 

(ME) in dpph radical rummaging assessment were 49.71 & 51.15 µg mL
-1

, separately, while the 

EC50 of butylatedhydroxyanisole (BHA) was 70.82 µg mL
-1

.
 
In any case, the EC50 benefit of 

decreasing force for the outright separate (AE) was higher (210.06 µg mL
-1

) than that of BHA 

(212.67 µg mL
-1

). Despite the fact that the supreme ME had the most noteworthy cell 

reinforcement action, it showed the least aggregate phenolics and flavonoids. Conversely, the 

cell reinforcement exercises of the fluid dissolvable concentrates demonstrated a decent 

relationship with aggregate phenolics and flavonoids when contrasted with indisputably the 
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dissolvable concentrates. The outcomes demonstrated that PSE could possibly be utilized as an 

economical wellspring of regular cancer prevention agent in nourishment and pharmaceutical 

enterprises.  

 Jang et al. (2010) clarified cancer prevention agent and antigenotoxic exercises of various 

parts of persimmon (Diospyros kaki cv. Fuyu) natural product. This investigation was directed to 

decide the cell reinforcement exercises and the antigenotoxic impacts of ethanol, methanol and 

water removes from four distinct parts (calyx, seed, peel and tissue) of persimmon natural 

products. Cancer prevention agent exercises were assessed by radical rummaging action of  

(Dpph) C18H12N5O6  and ABTS (C18H18N4O6S4) and reducing potential. Seed and calyx removes 

demonstrated essentially (p < 0.05) higher cancer prevention agent exercises and phenolic 

substance than peel and tissue separates. This investigation additionally demonstrated that 

ethanol was more compelling on the extraction of cell reinforcement mixes from persimmon 

contrasted with different solvents. The antigenotoxic impacts of the persimmon extricates on 

DNA harm prompted by H2O2 in human leukocytes was assessed by Comet measure. All 

persimmons extricate repressed DNA harm instigated by 200 μM of H2O2. Particularly, calyx 

and seed removes demonstrated more grounded restraint movement than peel and tissue 

separates. In this manner, these outcomes suggestted that persimmon concentrates may effectsly 

affect oxidant and defensive impact against oxidative DNA harm.  

Cheol et al. (2011) clarified the cancer prevention agent movement of 4 cultivars of 

persimmon natural product. In this examination, the cancer prevention agent action of 

persimmon product of 4 distinctive persimmon cultivars refined at Korea was assessed. There 

were 3 astringent persimmon cultivars ['Bongok' (BO), Japanese Hatchiya; 'Cheongdobansi' 

(CB); and 'Dogeunjosaeng' (DJ), Japanese Tonewase] and 1 non-astringent persimmon cultivar 

['Seochonjosaeng' (SJ), Japanese Nishimurawase] natural products. Subsequent to getting ready 

concentrates of natural products as indicated by parts (calyx, mash, and peel) with 4 distinct 

solvents (CH3)2CO, ethanol, methanol, and water), add up to phenolic substance (TPC) and 

cancer prevention agent action were resolved. The concentrates of calyx demonstrated altogether 

higher TPC and cancer prevention agent properties than those of the other persimmon parts. The 

most astounding 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical searching movement 

(IC50=43.36 ± 1.78 μg/mL) and lessening power (IC50=81.93±1.18 μg/mL) were found in 

(CH3)2CO concentrate of SJ calyx, while SJ mash separates indicated moderately bring down 
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cancer prevention agent exercises. Astringent persimmons indicated generally higher cancer 

prevention agent action than non-astringent persimmons in peel and mash parts. These outcomes 

demonstrated that persimmons have distinctive cancer prevention agent action contingent upon 

cultivars and parts.  

 Sun et al. (2011) assessed to the cancer prevention agent movement of aggregate 

flavonoids separate from persimmon (D. kaki L.) takes off. Persimmon leaves are generally 

expended as refreshments, but at the same time are utilized as a well known people prescription 

in china. The motivation behind this work was to survey the antioxidant measure of total 

flavonoids from persimmon leaves extract. Impact of TFC of persimmon leaves extract on 

antioxidant potential, reducing ability, (Dpph) C18H12N5O6 radical rummaging, O
-2

 radical 

rummaging, OH
-
 radical quenching & metal bonding action was inspected. We found that total 

flavonoid leaves extract of persimmon has significant flavonoid‘s measures (192 µg catechin 

equal per gram of extract). The effect of this persimmon extract in all antioxidant actions, 

rummaging movement of O
-2

 radical and OH- radical, reducing power & Fe chelation was 

altogether superior to that of rutin. Be that as it may, the impact of total flavonoid leaves extract 

of persimmon in quenching free radical of dpph was expressively more than rutin. Furthermore, 

total flavonoid leaves extract of persimmon essentially diminished ROS level and 

malondialdehyde C3H4O2 whereas expanding action of SOD and catalase antioxidant enzymes & 

C10H17N3O6S POD (GSH-Px) in osteoblastic cell line in a dosage dependent way. Taking 

everything into account, TFPL have powerful cancer prevention agent and free radical 

rummaging exercises. These cell reinforcement exercises could contribute, at any rate to a 

limited extent, to the customarily asserted remedial advantages of persimmon take off.  

 Vinha et al. (2011b) examined the synthetic creation and cell reinforcement movement of 

Portuguese D. kaki organic product by land starting points. Of late, a few examinations have 

exhibited the medical advantages related with characteristic mixes utilization. Organic product 

phenolics, lycopene and ascorbic corrosive, have solid cell reinforcement, calming, antimugenic 

and anticarcinogenic exercises. In the present examination parameters identified with organic 

product quality and climacteric conditions, for example, shading, dampness, pH, water action, 

add up to phenolic mixes, ascorbic corrosive and lycopene content were investigated. D. kaki cv. 

chocolate organic products were removed with various solvents, for example, methanol, ethanol 

and water. Add up to polyphenolics of each concentrate controlled by Folin-Ciocalteu technique 
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were observed to be higher in methanolic extricate (106.2 mg/100g example) and lower in 

ethanol (21.9 mg/100g example) considering Diospyros natural products with peel. The cancer 

prevention agent movement (AA) was assessed by an in vitro display framework trough 1,1-

diphenyl-2-picrylhydrazyl radical rummaging limit (DPPH•) measure. Noteworthy varieties were 

found in the levels of these parameters as indicated by various geographic districts. It was 

conceivable to portray relationships between's the cancer prevention agent mixes (polyphenolics, 

ascorbic corrosive and lycopene) and the cell reinforcement movement. Fluid dissolvable was 

more compelling on the extraction of cell reinforcement mixes from Portuguese Diospyros 

natural products with 52% radical searching movement. Results bolster the significance of D. 

kaki cv. chocolate natural products, Portuguese cultivar, as practical nourishment with high cell 

reinforcement potential that may have helpful impacts against oxidative human harm.  

2.5.2.5.2. Antifungal activity 

Singh et al. (2011) investigated antifungal capability of root bark of D. kaki against some 

human pathogenic parasites. The antifungal action of oil ether, ethyl acetic acid derivation, 

chloroform, methanol and fluid concentrates of the root bark of D. kaki (Ebenaceae) were 

assessed, against 14 humanpathogenic growths. The antifungal examine was finished utilizing 

agar plate dissemination technique. The outcome demonstrated that every one of the concentrates 

aside from watery concentrate indicated changing level of inhibitory action against different 

human pathogenic parasites. The chloroform extricates indicated best action with the MIC 

esteem in the range 160-2500 μg/mL. The outcomes got in the present examination 

authenticateand bolster the utilization of D. kaki in fables drug for treatment of different skin 

ailments. 

 Singh et al. (2012) studied contemplated antifungal action of Plumbagin and Isodiospyrin 

from root bark. The chloroform concentrate of root bark of D. kaki showed strikingly great 

antifungal movement at against every one of the parasites. The bioassay guided fractionation of 

the unrefined concentrate was the done utilizing benzene-chloroform step slope by silica gel 

segment chromatography. The dynamic exacerbates A and B got were examined by EI-MS, 

FTIR and 1H and 13C NMR spectroscopy. On comparision of their spectra with writing they 

were distinguished as napthoquinones, Plumbagin (5-hydroxyl, 2-methyl 1,4 - Napthoquinone) 

and Isodiospyrin (5-hydroxy-6-(1-hydroxy-6-methyl-5,8-dioxo-naphthalen-2-yl)- 2-methyl-

naphthalene-1,4-dione). The MIC estimations of the unrefined concentrate and exacerbates An 
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and B were (160-2500 μg/mL), (1.25-20 μg/mL) and (5-160 μg/mL) and the MFC esteems were 

(630-5000), (5-160 μg/mL) and (40-160 μg/mL) separately.  

2.5.2.5.3. Anti-inflammatory activity 

 Kim et al. (2011) clarified the cancer prevention agent limit and calming impact of the 

ethyl acetic acid derivation division of dried Persimmon (D. kaki Thumb.) on THP-1 Human 

Acute Monocytic Leukemia Cell Line. Cancer prevention agent limit and mitigating impact of 

ethyl acetic acid derivation (EtOAc) portion of phenolic extricate from dried persimmon (D. kaki 

Thumb.) were explored on THP-1 human intense monocytic leukemia cells. Phenolic 

concentrate of dried persimmon was consecutively fractionized utilizing five unique solvents, 

hexane, chloroform, EtOAc, butanol, and water, among which EtOAc portion demonstrated the 

most elevated cell reinforcement limit. Cytotoxicity of THP-1 cells pretreated with the EtOAc 

portion and curcumin was dictated by dpph test. Curcumin & EtOAc portion demonstrated 

particular cytotoxicities at 30 and 100 μg/mL. Articulation level of proinflammatory tumor 

corruption factor-α (TNF-α) was measured by chemical connected immunosorbent test. TNF-α 

generation was essentially restrained by curcumin and the EtOAc part at 20 and 50 μg/mL 

individually. These outcomes demonstrated that phenolic mixes of dried persimmon lightened 

the expansion of TNF-α level instigated by lipopolysaccharide in THP-1 cells, recommending 

that dietary take-up of dried persimmon might be gainful to advance enemy of aggravation. 

2.5.2.5.4. Anticancer activity 

 Jo et al. (2011) reported the anticancer action of persimmon (D. kaki L.) calyx extricates 

on human growth cells. It was researched that regular items are the sources of various restorative 

agents. Late advancement in the revelation of medications from common items has brought 

about improvement of mixes for use in disease treatment. Results from this investigation 

exhibited that methanolic concentrates of persimmon calyx (PCE) have cytotoxic impacts in 

human tumor cells. Through MTT decrease examine, lactate dehydrogenase discharge test, 

morphological test, and province arrangement test, very cytotoxic impacts were shown in human 

malignancy cells treated with different convergences of PCE. Not surprisingly, PCE hindered 

development of HT-29 cells in a dosage subordinate way. 500 µg/mL of PCE demonstrated 

31.1% restraint against HT-29 cells. Curiously, qualities of apoptosis, including chromatin 

buildup and sharking, were appeared to happen in HT-29 cells 24 h after treatment with 500 
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µg/mL of PCE. Moreover, PCE likewise demonstrated cytotoxic action against HeLa and 

PANC-1 cells, and in addition HT-29 cells. These outcomes show that PCE contains bioactive 

materials and that it is a potential contender for use as a chemotherapeutic operator against 

human tumor cells. 

2.5.2.5.5. Antidiabetic activity 

 Jung et al. (2012) assessed the supplementation of persimmon leaf enhances 

hyperglycemia, dyslipidemia and hepatic fat gathering in Type 2 diabetic mice. Persimmon Leaf 

(PL), regularly expended as natural tea and customary medications, contains an assortment of 

aggravates that apply cancer prevention agent, an amylase and a-glucosidase inhibitory action. In 

any case, little is thought about the invivo impacts and basic components of PL on 

hyperglycemia, hyperlipidemia and hepatic steatosis in sort 2 diabetes. Fueled PL (5%, w/w) was 

enhanced with a typical eating routine to C57BL/KsJ-db/db mice for 5 weeks. PL diminished 

blood glucose, HOMA-IR, plasma triglyceride and aggregate cholesterol levels, and in addition 

liver weight, hepatic lipid beads, triglycerides and cholesterol substance, while expanding plasma 

HDL-cholesterol and adiponectin levels. The counter hyperglycemic impact was connected to 

diminished action of gluconeogenic proteins and in addition expanded glycogen content, 

glucokinase action and its mRNA level in the liver. PL additionally prompted a reduction in 

lipogenic transcriptional factor PPARc and also quality articulation and movement of 

compounds engaged with lipogenesis, with a synchronous increment in fecal lipids, which are 

apparently owing to the enhanced hyperlipidemia and hepatic steatosis and diminished hepatic 

unsaturated fat oxidation. Besides, PL enhanced plasma and hepatic oxidative pressure. 

Supplementation with PL might be a powerful dietary methodology to enhance composes 2 

diabetes joined by dyslipidemia and hepatic steatosis by mostly balancing the movement or 

quality articulation of compounds identified with cancer prevention agent, glucose and lipid 

homeostasis.  

 Huang et al. (2016b) researched the impact of ethyl acetic acid derivation remove from 

persimmon leaves on Alzheimer's illness and its hidden system. Alzheimer's infection (AD) is a 

standout amongst the most pervasive neurodegenerative scatters charac-terized by neuronal 

misfortune in the mind and intellectual hindrance. Advertisement is currently viewed as the third 

significant reason for death in created nations, after cardiovascular ailment and growth. 
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Persimmon leaves are utilized as a prominent society pharmaceutical to treat hypertension, 

angina and inside discharge in Cyangb-hina, and it has been accounted for that ethyl acetic acid 

derivation concentrate of persimmon leaves (EAPL) showed a potential restorative impact on 

neurodegenerative maladies. This examination was intended to research the impacts of EAPL on 

AD, to illuminate the pos-sible instrument by which EAPL applies its advantageous impacts and 

anticipates AD, and to decide the significant constituents included. Promotion demonstrates was 

set up by reciprocal infusion of β1-42 into the hippocampus of rats. The intellectual execution 

was dictated by the Morris dilute labyrinth and step tests. Superoxide dis-mutase (SOD), 

glutathione peroxidase (GSH-Px), malondialdehyde (MDA), apoptosis, add up to and phospho-

rylated c-Jun NH 2 - terminal kinase (JNK/p-JNK), caspase-3, Bax and Bcl-2 were resolved. 

What's more, a touchy and dependable LC-QTOF-MS technique was connected to recognize the 

significant mixes present in EAPL. EAPL at measurements of 200 mg per kg and 400 mg per kg 

could especially diminish the inactivity, fundamentally in-wrinkle the time in the principal 

quadrant and number of the objective intersection times in Morris water labyrinth test, notably 

increment the inertness and decrease the quantity of mistakes in the progression down test, 

altogether repress the decreases in SOD and GSH-Px exercises, and increment the level of MDA. 

Moreover, EAPL treatment lessened neuronal apoptosis in the hippocampus, diminished the 

declaration of p-JNK, caspase-3, and the relative proportion of Bax/Bcl-2. In the interim, 32 

constituents were distinguished by LC-QTOF-MS/MS measures. . 

 Kim et al. (2016) clarified the antiobesity impact through hindrance of pancreatic lipase 

movement of D. kaki fruit and Citrus unshiu Peel. Pancreatic lipase is the catalyst in charge of 

processing and ingestion of triglycerides, being its hindrance one of the most stretched out 

contemplated strategies used to decide the potential movement of common items to repress 

dietary fat assimilation. Reduction of vitality consumption from dietary fat through restraint of 

this compound might be a fantastic procedure to avoid and treat obesity.The inhibitory action on 

pancreatic lipase protein of D. kaki products of the soil unshiu peel blend separate (PCM) was 

assessed in vitro and its antiobesity impacts were contemplated dependent on the serum lipid 

parameters investigation from high-fat eating regimen (HFD-) nourished mice in vivo. PCM was 

orally regulated on a measurement of 50 & 200 mg per kg figure weight for about a month and a 

half. What's more, the action of pancreatic lipase was surveyed utilizing orlistat (positive 

control). PCM showed inhibitory impact on lipase movement with IC50 estimation of 507.01 𝜇g 
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/mL. Also, serum triacylglycerol, add up to cholesterol levels, and instinctive fat weight were 

essentially diminished contrasted with HFD control mice in PCM 200mg/kg-treated mice (𝑝 < 

0.05). These outcomes recommend that PCM organization might be a novel potential antiobesity 

operator for decrease of fat assimilation by means of restraint of pancreatic lipase.  

 Zhou et al. (2016) confirmed that in this investigation D. kaki tannin was extricated from 

D. kaki L. utilizing ultrasound-helped extraction and cleansed by D101 macroporous sap segment 

chromatography and polysulfone ultrafiltration film. The tannin substance of the last D. kaki 

tannin extricates was accomplished 39.56% ascertained as catechin counterparts. Additionally, 

the radioprotective impacts of persimmon tannin for HEK 293T cells multiplication and 

apoptosis after Gamma light were researched by CCK-8, Hoechst 33258 recoloring, stream 

cytometry test and intracellular receptive oxygen species measure (ROS). D. kaki tannin was pre-

hatched with HEK 293T cells for 12 h before Gamma light. It was discovered that pretreatment 

with persimmon tannin expanded cell practicality and restrained age of Gamma-radiation 

actuated ROS in HEK 293T cells presented to 8 Gy Gamma-radiation. The level of apoptotic 

cells were just 6.7% when the radiation dosage was 8 Gy and pretreated with 200 mg/mL of 

persimmon tannin. Every one of these outcomes demonstrated that persimmon tannin offered a 

strong radioprotective impact on cell essentialness and cell apoptosis of Gamma-radiation 

presentation in HEK 293T cells. This investigation would fill in as a pre-clinical assessment of 

persimmon tannin for use in individuals with radiation insurance. 

 Mamet et al. (2017) demonstrated the impacts of D .kaki tannins with various normal 

degrees of polymerization (DP26 and DP5) on the rheological and microstructural properties of 

high-and low-methoxyl (HM/LM) gelatin gel were explored. The gel properties were broke 

down by expansive distortion and dynamic rheological estimations, and the unpredictable gels 

microstructure was likewise portrayed utilizing checking electron microscopy (SEM). 

Persimmon tannins (DP26/5) could essentially improve the quality of HM and LM gelatin gels (p 

< 0.05) that was about twice that of gelatin alone, particularly with high centralizations of 

tannins (2 g/L). Moreover, the rheological outcomes showed that the expansion of persimmon 

tannins expanded the gelling capacity of HM/LM gelatins, and all tannin-gelatin complex gels 

showed a normal frail gel-like (G0 > G00) structure. Besides, SEM investigations uncovered the 

heterogeneous and totaled system of the gels containing D. kaki tannins, on account of the 

intermolecular cross-connecting between the carboxyl gatherings of gelatin particle and the 
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phenolic hydroxyl gatherings of tannins through hydrogen bonds and hydrophobic collaboration. 

In general, DP5 tannins upgraded gel properties of HM/LM pectinsmore than DP26 tannins, 

most likely because of the bigger size, steric deterrent and self-relationship of DP26 tannins. 

2.6. Nanoparticles 

Behera, (2011) arrangement utilizing solvent starch and development of nanoparticles 

saw with in precipitation technique. The white blended zinc Nanoparticles were portrayed by 

various spectroscopic and explanatory methods, for example, XRD and SEM. XRD and SEM 

examination contemplates affirmed the development of all around scattered zinc nanoparticles 

with normal molecule size to be in the scope of 35 to 41 nm and in addition unveiled their 

hexagonal structure. These organically mixted nanoparticles were found to be exceedingly 

dangerous against many multi sedate safe human pathogens. Accordingly unique measured 

combined zinc nanoparticles were utilized to ponder the antimicrobial action against Bacillus 

subtilis, Escherichia coli, Staphylococcus aureus, & Pseudomonas aeruginosa by utilizing great 

dispersion and circle dissemination techniques and the bacterial development was observed by 

estimation of optical thickness (OD) of arrangement and estimation of state shaping units (CFU) 

on strong development medium. The outcome demonstrated that the antimicrobial action 

expanded with the diminishing of the span of the nanoparticles.  

 Kokubo, (2012) worked that nanotechnology is rapidly getting importance in different 

zones, for instance, human administrations, embellishing operators, sustenance and feed, 

common prosperity, mechanics, optics, biomedical sciences, manufactured endeavors, 

equipment, space organizations, calm quality transport, basic or physical sciences, opto-

electronics, catalytic processes, repro-graphy, single-electron semi-conductors, light makers, 

non-linear photosensitive contraptions & photo-electrical and chemical applications. 

Nanomaterials are seen as respond in due order regarding some mechanical and characteristic 

challenges in the field of sun controlled imperativeness change, catalysis, medicine, and water 

treatment. With respect to overall undertakings to decrease dangerous waste, the continually 

growing enthusiasm of nanomaterials must be joined by green blend techniques. 

Nanotechnology is on an extremely fundamental level changing the way by which materials are 

joined and devices are made. Joining of nanoscale consolidating frustrates with valuable social 

affairs and further into multifunctional devices can be refined through a "base up approach". 

Research on the mix of nanosized material is of marvelous interest because of their novel 
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properties like optoelectronic, appealing, and mechanical, which contrasts from mass. 

 Siddiqui et al. (2015) demonstrated the job of nanoparticles in plants. Nano-technology 

unlocks a huge extent of unique claims in bio-technology related fields & agriculture businesses, 

on the grounds that nanoparticles (NPs) have one of kind physical as well as chemical properties, 

like greater surface area and reactivity, adjustable stoma size & morphology of molecules. 

Nanosized particles can act as ―magical bullets‖, enclosing pesticides, nano-insecticide manures, 

or genetic factor that mark definite cell organs in plants to discharge their substance. In spite of a 

lot of data accessible on the lethality of nano sheets to plant organization, some investigations 

have been directed on components, due to which nanoparticles apply their impact on plant 

development and progress. So, this present analysis reflects vital role of nanoparticles in florae. 

Furthermore, nano-science puts up novel designs driving us to recognize appropriate method of 

nanoparticles action in plants. The suitable revelation of physical, chemical and molecular 

processes of nanoparticles in florae contributes to improved plant development & growing.

 Farooqui et al. (2016) considered job survey of nanoparticles in development and 

advancement of plants. Nanotechnology is the most novel field of 21st century. Nanotechnology 

can change the farming and sustenance industry with the assistance of different imaginative 

instruments for the atomic administration ofdiseases, fast ailment identification, improving the 

capacity of plants to ingest supplements. Nanotechnology can possibly build yield of supplement 

esteems and furthermore assumes a crucial job in creating enhanced frameworks for observing 

environmental conditions and expanding the limit of products to retain supplements or 

pesticides. There is greater part of nano-material which is known for its plant development 

advancing impacts. This paper supposedly contains the key job of nanoparticles in plants. This 

survey featured the impacts of nanoparticles on development, blooming and seed creation in 

plants. Late looks into on impacts of nanoparticles on different plant crops have detailed for an 

expanded germination and development of seed. The point of this undertaking is to examine the 

jobs of nanoparticles on different plants. Impacts of these nanoparticles on plant development 

and improvement can be effortlessly featured in this audit.  

 Naveed Ul Haq et al. (2017) gave an itemized diagram of the amalgamation, 

characteristics & utilizations of nanoparticles (NPs) occur in different structuresNPs are little 

materials withsize degrees from 1 to 100 nm. These can be arranged into different classes reliant 

on their morphology and properties. The diverse groups join fullerenes, NPs of metal, artistic 
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nanoparticles & nanoparticles of polymers. Nanosized particles have momentous physical & 

chemical characteristcs as a result of their greater surface area & nanosize measure. Their 

ophthalmic possessions are represented to be dependent on the mass that gives different shades 

in light of ingestion in the undeniable region. Their chemical reactivity , quality and various 

characteristics are also dependent upon their stand-out size and morphology. In view of these 

characteristics, they are suitable opportunities for various industries and private claims, which 

consolidate catalytic reactions, imaging, therapeutic measures, essentialness based exploration 

and biological applications. Overpowering nanoparticlesof metal Pb, Hg and Sn are represented 

to be so rigid and firm that their vitiation is not viably attainable, which can incite various 

common poison levels. 

2.6.1. Metal oxide nanoparticles 

Corr, (2012)  examined that metal oxide nanoparticles speak to a field of materials science 

which draws in impressive enthusiasm because of the potential mechanical utilizations of these 

mixes. The ramifications of these materials on fields, for example, pharmaceutical, data 

innovation, catalysis, vitality stockpiling and detecting has driven much research in creating 

engineered pathways to such nanostructures. In this survey, we will consider the advances made 

in customary ways to deal with metal oxide nanoparticles and the attacks into more greener, 

milder engineered techniques. Given the cozy connection between the engineered pathway 

picked and the last molecule structure and morphology, these new courses could take into 

consideration the vitality proficient planning of a tremendous assortment of metal oxide 

nanoparticles whose subsequent properties can be misused for use in an entire scope of 

innovatively imperative territories. We will likewise give a few models of cutting edge 

characterisation instruments accessible which are helping us to comprehend these structure-

property-work connections in metal oxides of such little size measurements. 

 Taranath et al. (2015) clarified that biosynthesis of nanoparticles utilizing higher plants is 

a rising zone of research in nanoscience and nanotechnology examined a basic eco-

accommodating strategy for blend of silver nanoparticles utilizing Diospyros malabarica (Desr.) 

Kostel. Leaf separate fill in as a wellspring of lessening and topping operators. 1 mM 

arrangement of silver nitrate was treated with the fluid concentrate of leaf prompting the 

development of Ag-NPs was watched outwardly by change in shading from dreary to darker 

shading response blend and affirmed via surface Plasmon reverberation crest at 417 nm in UV-
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Visible technique. Further, lessened silver nanoparticles were described through Fourier 

transform infrared spectroscopy (FTIR), atomic force microscopy (AFM) & high goals 

transmission electron microscopy. FTIR information uncovers conceivable practical gathering of 

biomolecules associated with the bioreduction and topping for productive adjustment of Ag-NPs. 

Nuclear power microscopy and High goals transmission electron microscopy ponders 

demonstrated that the circular shape silver nanoparticles with size reaches from 10 nm to 50 nm. 

At long last, biogenic silver nanoparticles tried for antimicrobial movement they indicated great 

zone of hindrance against E. loop and P. aeruginosa.  

 Pattanayak et al. (2017) detailed the diverse kinds of nanoparticles created by the 

compound and physical techniques demonstrate poor morphology. For the most part harmful 

synthetic compounds are utilized in these procedures and hoisted temperature which is being 

useful for the blend of separate nanoparticles is poisonous to our condition. Metal oxides have 

likewise been fills in as sorbents for different ecological contaminations. Be that as it may, the 

natural techniques for combination are more ideal than the concoction and physical strategies for 

amalgamation since these techniques are eco amicable. The organic strategies for amalgamation 

of nanoparticles by utilizing different microorganisms, proteins, plants, and their concentrates 

have been proposed as the plausible and promising eco benevolent options in contrast to the 

concoction and physical techniques for blend. The biocompatibility of nanoparticles is more 

fundamental for particular biomedical applications and looks into the metal nanoparticles have 

different capacities which are not seen in mass stage. All these are as of now been concentrated 

comprehensively because of their select electronic, attractive, optical, chemically and 

antimicrobial properties of wound recuperating and furthermore for anti-inflammatory 

properties.   

2.7. Green synthesis and characterization of ZnO nanoparticles  

 Iravani, (2011) considered green amalgamation of metal nanoparticles using plants. 

Starting late, the progression of compelling green science methods for amalgamation of metal 

nanoparticles has transformed into an essential point of convergence of investigators. They have 

looked into with the true objective to find an eco-obliging technique for age of particularly 

depicted nanoparticles. A champion among the most considered systems is making of metal 

nanoparticles using living creatures. Among these living things plants give off an impression of 

being top contenders& these are sensible for far reaching gauge bio-synthesis of NPs. 
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Nanosheets conveyed vthrough plants are appreciably persistent & amalgam rate is speedy 

because of microorganisms. Moreover, the nanoparticles are more unique alive and well and size 

in examination with those made by various living creatures. The upsides of using plant and plant-

induced materials for biosynthesis of metal nanoparticles have charmed authorities to inspect 

instruments of metal particles take-up and bioreduction by plants, and to grasp the possible 

segment of metal nanoparticle advancement in plants.  

Ghosh, (2012) studied union and charccaterization of zinc oxide nanoparticles by sol-gel 

process. Zinc oxide nanoparticles (ZnO) were effectively combined by a sol-gel technique and 

zinc acetic acid derivation dry out and triethnolamine (TEA) were utilized as the antecedent 

materials. Ethanol and ammonium hydroxide takes care for the homogeneity and PH estimation 

of the arrangement and makes a stoichiometric answer for get Zinc oxide nanoparticles. The ZnO 

powder acquired from this strategy is calcined at 700oC and 900oC temperatures. The examples 

were represented by UV-Visible spectrometry, DSC-TG analysis, FESEM, XRD, FT-IR and 

TEM techniques. Results demonstrate that the calcinations temperature altogether influenced the 

crystalline nature, molecule measure, and optical properties of the prepared ZnO nanoparticles. 

The XRD spectra demonstrate that the ZnO precious stone has a hexagonal wurtzite structure. 

TEM pictures concurrence with the XRD information demonstrated that the normal NPs size. 

The ophthalmic possessions of samples are researched by estimating the UV-VIS assimilation at 

room temperature. With expanding calcinations temperature the band hole of the examples 

remains relatively same, and the measure of the particles increments.  

 Talam et al. (2012) depicted amalgamation, portrayal, and spectroscopic properties of 

ZnO nanoparticles. ZnO nanoparticles have been integrated by precipitation strategy from Zinc 

nitrate. The precipitate was portrayed by XRD, TEM SEM & selected area electron diffraction, 

UV-visabsorption spectrophotometer & photoluminescence techniques. XRD designs 

demonstrated that ZnO nanoparticles have hexagonal unit cell structure. SEM and TEM pictures 

uncover the morphology and molecule size of arranged ZnO nanoparticles. The UV-vis 

absorption range demonstrates a retention band at 355nm because of ZnO nanoparticles. The 

photoluminescence range displays two outflow crests one at 392nm relating to band hole 

excitonic emanation and another situated at 520nm because of the nearness of separately ionized 

oxygen opening. The union strategy has potential for application in assembling units because of 

straightforwardness preparing and more prudent reagents. 
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 Awwad et al. (2014) characterized a green strategy is accounted for blend and portrayal 

of zinc oxide nanosheets utilizing Olea europea leaf separate. ZnO nanosheets were described by 

UV-vis absorptsion spectrometry, FTIR analysis, and XRD and FESEM techniques. UV-Visible 

absorption range demonstrates a retention peak at 374 nm because of Zinc oxide NPs while XRD 

portrayed exceedingly crystalline nature of ZnONPs with 18-30 nm size range. FESEM data 

uncovered proximity of system of randomly situated ZnO nanoplatelets comprising of normal 

size range of 500 nm while thicknesses was around 20 nm. So, this simple and green 

methodology may give a helpful instrument to substantial scale blend different nanoparticles that 

have potential biotechnology.  

 Ramesh et al. (2014) explored blend of zinc oxide nanoparticle from product of citrus 

aurantifolia by chemicals and green strategy. Directly the advancement of green science in the 

combination of nanoparticles with the utilization of plants has engaged an incredible 

consideration. Zinc oxide nanoparticles have gotten potential enthusiasm because of their 

tremendous applications in the nourishment business. For such reason, the improvement of novel 

and natural strategies is in significant interest for raising these materials to a mechanical level. 

This letter depicts a novel technique for the biosynthesis of ZnO nanoparticles utilizing a Citrus 

aurantifolia out of the blue. The morphology structure and steadiness of the blended ZnO 

nanoparticles were examined utilizing scanning electrom microscopy (SEM), UV-Visible spectro 

photometer & FTIR spectroscopic techniques. The outcomes portrayed about incorporated 

nanoparticles are modestly steady, generally circular with greatest particles in size range inside 

9-10 nm in distance across.  

Qian et al. (2015) investigated that use of nanotechnology in medicament has lately been 

an achievement in restorative medications plan. This investigation introduces basic & ophthalmic 

portrayal of a different green nano-specifying (Zinc oxide Aloe-vera) having significant anti-

bacterial action contrary to micro-organisms.Their molecular arrangement, proportions and 

structures were described by TEM, XRD & SEM. Also, photosensitive retention ranges & photo-

ilumination were estimated simultaneously. The obtained anti-bacterial action counter to 

Staphylococcus aureus & Escherichia coli was additionally explored utilizing thermo-kinetic 

sketching & agar well dispersion strategy. The nano-definition is circular form and hexadic 

containing a molecule estimate going 25-65 nanometer and additionally expanded 49 nm 

crystaline size. For anti-bacterial action, greatest hindrance regions of ZnO & Zinc Oxide with 
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Aloe-vera are 18.33 & 26.45 milimeter for E. coli while 22.11 & 28.12 milimeter for 

Staphylococcus aureus (p < 0.05). Thinking about Pmax, Qt and k, ZnO + A. veranano-plant has 

a huge (p < 0.05) antibacterial impact against S. aureus almost at all focus and counter to 

Escherichia coli at 15 & 25 mg per litre. Nano-plan of Zinc Oxide + Aloe-vera is considerably 

very harmful compared to Staphylococcus aureus & Escherichia coli comprising IC50 of 13.12 

miligram per litre & 21.31 miligram per litre, individually. General outcomes uncover that the 

Zinc oxide Aloe-vera nano-describing showed great superficial vitality, transmission, lucid & 

enhanced anti-bacterial exercises. The obtained anti-bacterial characteristics conceivably 

pertinent to molecule measure, micro-configurational ionization, the crystal arrangement & 

Gram pathogens property. This Zinc Oxide Aloe-vera nano-definition might be used successfully 

like phantom & huge anti-bacterial operator for micro-organisms in upcoming therapeutic & 

natural aspects. 

  Hasnidawani et al. (2016) inspected blend of ZnO nanostructures using sol-gel 

system. Zinc oxide expects a basic activity in current industry on account of its uncommon 

characteristics, for instance, against disintegration, adversaries of minuscule creatures, has low 

electrons conductivity and staggering warmth deterrent. As such, the objective of this 

examination is to incorporate zinc oxide nanostructures with the most suitable courses by using 

sol-gel procedure and depict the nanostructures. Sol-gel procedure is the most direct technique 

and can control the atom size and morphology through intentional checking of reaction 

boundaries. ZnO nanoparticles were coordinated through sol gel technique using Zinc acidic 

corrosive deduction dry out (Zn (CH3COO) 2. 2H2O) as a forerunner and ethanol (CH2COOH) was 

used as dissolvable, Sodium hydroxide (NaOH) and refined water were used as medium. ZnO 

nanoparticles were portrayed by using XRD, EDX, FESEM, and nano-particles analyser. 

Delayed consequence of EDS depiction shows that the ZnO nanoparticles have incredible 

flawlessness with (Zinc substance of-55.38% and; Oxygen substance of-44.62%). XRD result 

run shows generally oxygen and zinc peaks, which exhibit the crystallinity in nature as shown. 

FESEM micrographs shows that organized ZnO have a bar like structure. The got ZnO 

nanoparticles are homogenous and unsurprising in size which identifies with the XRD result that 

shows extraordinary crystallinity. ZnO nanoparticles were viably consolidated by sol-gel strategy 

in nanosize reach out inside 81.28nm to 84.98 nm.  

 Mohan and Renjanadevi, (2016) sythesized zinc oxide nanoparticles and its portrayal 
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utilizing SEM & XRD. ZnO can be known as a multifunctional material on account of its special 

physical and concoction properties. The fundamental target of this paper is the readiness of zinc 

oxide nanoparticles utilizing regular techniques and the planning utilizing surfactant. The initial 

segment of this paper shows the diverse strategies for planning of Zinc oxide nanoparticles 

utilizing distinctive antecedents and its surface change utilizing poly vinyl alcohol (PVA). The 

following piece of this paper manages portrayal of the readied zinc oxide utilizing SEM & XRD 

with end goal to figure out which technique is more practical as far as molecule agglomeration, 

molecule estimate, molecule detachment. 

 Arora et al. (2017) described amalgamation and portrayal of ZnO nanoparticles. Zinc 

oxide (ZnO) nanoparticles (NPs) have been incorporated by precipitation technique utilizing 

smelling salts as hastening operator and ZnCl2. 4H2O as beginning material. Synthsesised 

nanoparticles (NPs) have been portrayed by utilizing XRD, TEM, FESEM and TGA/DTA 

techniques, magnetic analysis, FTIR and surface area estimation. XRD ponders demonstrate that 

zinc oxide was framed as ZnO and it has hexagonal structure. Attractive estimations indicated 

diamagnetic nature of combined zinc oxide NPs. The molecule size of the blended zinc oxide 

was dictated by TEM. TEM pictures demonstrate that the span of particles of ZnO changed from 

27nm to 82nm with normal crystallite measure 50 nm. 
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Chapter 3 

MATERIALS AND METHODS 

This research study has been focused  on  description of different organs of  two 

medicinally important plants D. malabarica and D. kaki to determine the phytochemical 

screening and different biochemeical analyses alongwith evaluation of their biological activities 

viz antidaibetic, antioxidant, antiinflammatory, anticancer, antibacterial and antifungal. 

Moreover, ZnO nanoparticles of D. malabarica and D. kaki extracts were also synthesized via 

green method as well as characterized by different spectroscopic techniques.  

Extracts for photochemical analysis were prepared at Applied chemistry Laboratory, 

Department of Govt. College University, Faisalabad. Antimicrobial and anti-fungal activities 

were performed at Biochemistry  Laboratory of Department of Biochemistry, Govt. College 

University, Faisalabad. Biochemical analyses, synthesis of nano particles as well as performance 

of antidiabetic and anti-inflammatory activities were conducted at Laboratory of Nuclear 

Institute for Agriculture and Biology (NIAB), Jhang Road, Faisalabad, Pakistan. Anticancer  

activity was performed at Hussain Ebrahim Jamal research institute of Karachi. For the 

conduction of research following systems and format were embraced. 

3.1. Apparatus 
 Funnels                                                                       

 Beakers                          

 Petri plates                                                               

 Aluminum foil 

 Cotton plug 

 Spatula 

 Micro Pipette  

 Measuring cylinders       

 Glass rods 

 Whattman Filter paper (no. 1)                                                            

 Insulin syringes 

 Ice box 
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 Gloves 

 Petri dishes 

 eppendorf centrifuge 

 bead beater 

 water bath 

 spectrophotometer 

 pH meter 

3.2. Chemicals and reagents 

 Bacterial strains 

Streptococcus and Escherichia coli 

 Fungal strain 

Aspergillus flavus and Aspergillus niger 

 Distilled Water 

  Ferric chloride (FeCl3)  

 Olive oil 

  Sulphuric acid (H2SO4) 

  Chloroform (CHCl3) 

  Sodim nitrate (NaNO3) 

  Aluminum chloride (AlCl3) 

 Quercetin 

 Hydrochloric acid (HCl) 

 Bovine serum albumin (BSA) 

 Dimethyl sulpho oxide (DMSO) 

 Diclofenac sodium drug (10 mg) 

 3-[4, 5-dimethylthiazole-2-yl]-2, 5-diphenyl-tetrazolium bromide (MTT) 

 Fetal bovine serum (FBS) 

 3,5-dinitrosalicylic acid (DNSA) 

 Sodium potassium tartrate tetrahydrate 

 Acarbose drug (50 mg) 

 Nutrient agar 

https://en.wikipedia.org/wiki/PH_meter
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 Potassium phosphate buffer (pH 7.0)  

 Enzyme extract 

 Hydrogen peroxide (H2O2)  

 Sodium Chloride (NaCl)  

 coomassie blue G-250 dye 

 Ethanol (95%) 

 Phosphoric Acid 

 Guaiacol 

 Nitrobluetetrazolium (NBT)  

 L-Mitheonine  

 Triton  

 Riboflavin  

 Casein (1%)  

 Trichloroacetic Acid (TCA)  

 Sodium Hydroxide (NaOH)  

 Tris (Base)  

 Starch 

 Dinitrosalisylic Acid (DNS) 

 Acetone, Methanol  

 Sodium Carbonate (Na2CO3)  

 Folin-Ciocalteu reagent (FC Reagent)  

 α-Naphthyl Acetate  

 Β-Naphthyl Acetate  

 Sodium Dodecyl Sulphate (SDS) (5%) 

 Acrylamide 

 Methylene bis acrylamide  

 Ammonium per sulphate (APS)  

 Glycine, TrisHCl 

 Tetramethylethylenediamine (Temed)  

 Acetic Acid 

 Phosphoric Acid  
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 Ascorbic acid  

 gallic acid  

 Potassium ferricyanide.FeCl3  

 sodium bicarbonate 

 Sodium nitroprusside  

 sulphanilamide  

 napthylethylenediamine dihydrochloride  

 tribromoacetic acid (TBA) 

 Zinc sulfate heptahydrate, ZnSO4.7H2O  

3.3. Preliminary phytochemical screening  

3.3.1. Collection, Drying and Grinding of plant material 

 D. kaki and D. malabarica samples were collected from their natural habitats from plant 

nursery, Lahore and NIAB, Faisalabad, Pakistan. The selected organs like root, leaves, stem, 

bark, unripe fruit & ripe fruit parts of D. kaki and D. malabarica were carefully washed with 

faucet water to expel soil trash, flushed with refined water and then air dried at room temperature 

(25 - 30 °C) for a period of three week. After crushing these into miniature pieces, dried samples 

were ground into powder and kept in airtight clean bottles at room temperature till further 

experiment. 

3.3.2. Preparation of plant extracts 

The plants were extracted by successive exhaust method. The successive extraction was 

carried out using solvents of increasing polarity from less polar to more polar solvents (Das et 

al., 2010). The powdered plant samples (50g) were first dissolved in 500 mL solvent petroleum 

ether (40 °C- 60 °C) and permitted to stand at room temperature for a time of 3 days with 

frequent agitation until the soluble matter was disintegrated. The extracts were then separated 

utilizing Whatman filter paper No. 42. The marc left after extraction was air dried and again 

extracted with  solvent dichloromethane for next 3 days. This was trailed by the extraction with 

ethyl acetic acid and finally methanol. The five extracts of five organs of D. malabarica and D. 

kaki were prepared in this way (Jeyaseelan et al., 2012). 
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Fig.3.1. Schematic representation of experimental work regarding phytochemical screening 

and biological activities 

 

 

 Here TPC:  Total phenolic contents  ,    TFC:   Total flavonoid contents 
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Fig.3.2. Schematic representation of sequentional extraction of D. kaki plant using different 

polarity based solvent 
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 DK-PE-XT                              D. kaki petroleum ether extract 

 DK-DCM-XT                         D. kaki dichloromethane extact  

 DK-EA-XT                             D.  kaki ethylacetate extract  

 DK-Et OH-XT                        D.  kaki ethanol extract 

 DK-Me OH-XT                      D. kaki methanol extract  

 DK-Aqueous- XT                   D. kaki aqueous extract 
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Fig.3.3. Schematic representationof sequentional extraction of D. malabarica plant using 

different polarity based extract 
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3.4. Determination of extraction yield  

The ratio between the observed mass of the dry plant extract and total mass of plant 

material processed in experiment is called the performance of crude extract (Baxter et al., 1998). 

This yield can be calculated with the help of following formula:  

% yield = Weight of extract / Weight of dry Powder × 100 

3.5. Protocol for preliminary phytochemical screening 

The fundamental phytochemical investigation was conducted to determine the presence 

of tannins, saponins, terpenoids, flavonoids and phenolic contents using following standard 

protocols (Evans, 2002). 

3.5.1 Test for tannins 

5g of dry extract was taken and boiled in 5mL distilled H2O & filtered. Afterwards, few 

FeCl3 solution drops were  mixed and noticed blue-black color for indication of tannin 

(Sofowora, 1982; Evans, 2002).  

3.5.2 Test for saponins 

200 mg of the powdered plant extract was boiled in 500 mL distilled H2O and filtered. 

After filteration, 10 mL of filtrate was added with 5 mL deionized H2O and shaken well to get 

stable constant lather. After that lather was mixed with three drops of olive oil and shaken 

extensively till development of emulsion (Evans, 2002). 

3.5.3 Test for flavonoids 

5 mL of the dilute ammonical solution was added in a little quantity of aqueous extract 

after filteration which pursued by putting 5 to 6 drops of concentrated H2SO4 in it.  The observed 

yellow color was  the indication of flavonoids (Madaan et al., 2011). 

3.5.4 Test for terpenoids 

5 mL of each plant extract was blended with 2 mL of CHCl3 and mixed extensively. Then 

3 mL of concentrated H2SO4 was added carefully to get a layer. Appearance of reddish brown 

color on the inner surface was an indication of terpenoids (Srivastava and Mustafa, 1992). 
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3.6 Quantitative phytochemical screening  

3.6.1 Estimation of total flavonoid contents (TFC) 

Total flavonoid contents of the crude extract of D. kaki and D. malabarica were 

evaluated through the calorimetric method. 1 mL of each sample was added in 4 mL of distilled 

H2O. To this reaction mixture, NaNO3 and AlCl3 were added at the concentration solution of 

300 μL. Total volume was then incubated for 5 min pursued by the addition of 2 mL NaOH. 

Then sample was analyzed at 510 nm using UV-Vis spectrophotometer. Total flavonoid contents 

were expressed as quercetin equivalents. The concentration of total flavonoid contents in the test 

samples was ascertained by the linear regression equation and expressed as (µg quercetin /mg) of 

dried plant material. All the calculations were carried out in triplicates (Singleton et al., 1999; 

Madaan et al., 2011). 

3.6.2 Estimation of total phenolics contents  

To determine total phenolic contents, µ colorimetry process (Ainsworth and Gillespie, 

2007) was monitored with certain amendments consisting of Folin-Ciocalteau (F-C) component. 

For its estimation, a hoar frost pestle & mortar was utilized to make uniform 500 miligram plant 

extract in 0.5 mL super icy 95% methanol. Plant extracts were retained at ambient heat for two 

days dark room. Then samples were subjected to centrifuge for five minutes at 14,462 × g at 

room temperature. After centrifugation, isolated supernatant was employed for phenolic 

investigation. Then 100 μL supernatant & 100 μL of 10% (v/v) F-C reagent was vortexed 

forcefully & 700 mM Na2CO3 (800 μL) was reserved in tubes & hatched for one hour at ambient 

heat. Absorbance of all sample solutions was determined at 765 nm. By using diverse 

concentrations of Gallic acid, a standard curve was drawn alongwith measurement of linear 

regression equation. Phenolic contents were calculated such as Gallic acid (C7H6O5) equivalents 

per mg of dry plant extract on basis of Gallic acid (C7H6O5) standard curve from linear 

regression equation (Singleton et al., 1999; Madaan et al., 2011; Nounagon et al., 2017). 

3.7 Invitro biological activities 

3.7.1 Anti-inflammatory activity (Inhibition of albumin denaturation assay) 

Inhibition technique of albumin denaturation was followed to determine the anti-

inflammatory activity. Method of  (Sakat et al., 2010) was used to perform activity with few 

modifications. An aqueous solution of 1% of bovine albumin serum was prepared and adjusted at 



86 
 

pH 6.0 using 1M HCl. The reaction solution was consisting of plant extracts at concentration of 

5000 μg/mL of DMSO (Dimethyl Sulphoxide) to obtain stock solutions. These reaction mixtures 

were further used to produce two final concentrations of 100 and 400 μg/ mL of extract 

substances. Diclofenac Sodium of 10 mg was used as a standard drug. All the test samples and 

standard were incubated for 20 min. at 37 °C and then heated at 70 °C in water bath for 5 min. 

The turbidity was measured at 660 nm using spectrophotometer after cooling the reaction 

mixtures. Three concordant readings were taken (Leelaprakash and Dass, 2011).  

% inhibition of protein denaturation was calculated using the following formula: 

 

  % inhibition = Abs control – Abs extract    X 100 

                                 Abs control 

Here, Abs control is the absorbance measurement without extract while Abs extract is the 

absorbance measurement of plant extract.  

3.7.2 Anti-cancer activity 

Standard thiazolyl blue tetrazolium bromide (C18H16BrN5S) colorimetric test was followed   

for evaluation of anticancer action of compounds in smooth-bottom microplates (96-well) 

(Mosmann, 1983). Minimal Essential Medium (MEM) developed by Eagle has been utilized as 

culture for HeLa cell line that added with 5% FBS (fetal bovine serum), 100 IU per mililitre of 

penicillin & 100 micro gram per  mililitre of streptomycin were taken in flasks (75 cm
2
) & saved 

in incubator  as 5% carbon dioxide at 37 
°
C. Then harvested differentially developing cells were 

calculated by hemacytometer & made thinner with specific form. Afterwards, cell culture was 

arranged comprising 6 x10
4
 cells per mL & presented into plates (96-well) as 100 µL /well. 

Medium was isolated after keeping on development whole night & fresh medium (200 µL) was put 

in having (1-30 µM) different concentrations of compounds. After two days, 200 µL of thiazolyl 

blue tetrazolium bromide (C18H16BrN5S) with concentration of 0.5 miligram per mL was put to 

wells & again hatched for four hours. Afterwards, dimethyl sulfoxide (100 µL) was added to all 

wells. In cells, reduction extent of C18H16BrN5S to CH4N4 (formazan) was then recorded via 

absorbance at 570 nm utilizing µplate reader data Spectra Max plus (Molecular Devices, CA, 

USA). Anticancer activity was calculated such as solution producing growing hindrance of 50% 

(IC50) for HeLa cell lines. Then % inhibition was determined with following formula; 
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  % inhibition = Abs control  −−   Abs sample  X 100 

                                 Abs control 

% inhibition = the outcomes were handled by utilizing Soft-Max Pro programming (Molecular 

Device, USA). 

3.7.3 Anti-diabetic activity 

In vitro α-amylase inhibitory studies 

The 3,5-dinitrosalicylic acid (DNSA) method was followed to assay α-amylase inhibition 

(Miller, 1959). The plant extracts of D. malabarica and D.kaki were dissolved in minimum 

amount of 10% DMSO and was further dissolved in 20 mM sodium phosphate buffer, 6mM 

NaCl at pH 6.9 to give final concentrations of 100 and 400 μg /mL. The reaction solution was 

consisting of 200 μL α-amylase solution (2 units /mL) with 200 μL of the plant extract and was 

kept in incubator at 30 °C for ten minutes. After that 200 μL of 1% starch solution in distilled 

H2O (w/v) was added in all extracts and incubated for three minutes. 200 μL DNSA reagents 

(12 g of sodium potassium tartrate tetrahydrate in 8 mL of 2M NaOH and 20 mL of 0.096 M of 

3, 5 DNSA solutions) was additionally added to terminate reaction and then boiled in a water 

bath for ten minutes at 90 °C. After cooling all the reaction mixtures were diluted with addition 

of 5mL distilled H2O and the absorbance was measured at 540 nm using UV-Vis 

spectrophotometer. 200 μL of buffer was used instead of plant extract to prepare blank with 

100% enzyme activity. Another blank solution was also prepared in the absence of the enzyme 

solution at each concentration using the plant extract. Acarbose (50 mg) was utilized as 

standard medication and reaction was performed similarly as mentioned above with 

concentrations of 100 and 400 µg/mL.  

The α-amylase inhibition was computed as % inhibition utilizing the condition as pursues:      

% inhibition= Abs control (100 %)– Abs sample  X 100 

                                Abs control (100%)                                                

3.7.4 Anti-bacterial activity 

For the determination of the anti-bacterial property, the disc diffusion method was 

followed with few modifications (Rios et al., 1988; Alzoreky and Nakahara, 2003). A bacterial 

strain of E. coli and streptococcus was used. The density of the bacterial colony was adjusted by 
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the barium sulphate turbidity method. 28 g nutrient agar was dissolved in 1000 mL of distilled 

H2O and was put on autoclave at 121 
°
C for 30 min along with the Petri dishes. After autoclave 

the agar solution was poured into the Petri dishes and was spread evenly that it covers about 4 

mm of the dish and was then left for solidification in open air. Meanwhile the extracts under 

observation was placed drop wise using a µL pipet on a 9 mm disc of filter paper and was left 

for drying. The bacterial culture was spread evenly over the culture plates with a sterilized swab 

and the dried filter paper disc was placed over the bacterial cultural plates using a tweezers and 

was left in the incubator for 24 hours. Following 24 hrs diameter of inhibition zone was 

ascertained and outcomes were figured. 

3.7.4.1 Mininum inhibitory concentration (MIC)  

 MIC is characterized as lowermost concentration observed in maintaining the viability 

of inoculums (Carson et al., 1995). Sequential dilution technique (Iwaki et al., 2006; Khan et al., 

2007) was utilized to observe MIC of the extracts against  gram-positive & gram-negative  

microscopic organisms. The sample extract (10 mg) was disintegrated in 1 mL of refined H2O to 

obtain stock solution. Afterwards, it was diluted to 10 folds by sequential dilution method in 

which 9.5 mL water & 0.5 mL sample were taken in test tube. Afterwards, from this tube 0.5 mL 

was taken & included into another test tube having 9.5 mL water. This process was repeated 10 

times and the solutions of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100% were 

made. From that solutions of 10%, 40%, 70% and 90% was selected for antibacterial tests. 

Antibacterial activity was carried out using the same methodology. 

3.7.5 Anti-fungal activity 

  For the determination of the antifungal activity was done utilizing disc diffusion 

technique with some changes (Bauer et al., 1966; Rios et al., 1988; Alzoreky and Nakahara, 

2003). Fungal strains of A. niger and A. flavus were used. 28 g potato dextrose agar was broken 

down in 1000 mL refined H2O and was put on autoclave at 121
o
C for 30 min along with the 

Petri dishes. After autoclave the agar solution was pour into the Petri dishes and was spread 

evenly throughout the dish and left for solidification in an open air. Meanwhile, the extracts 

under observation were placed drop wise using a µL pipette on 9 mm discs of filter paper and 

left for drying. The fungal culture was spread evenly over the culture plates using sterilized swab 

and the dried filter paper disc was placed over the fungal cultural plates using a sterilized 
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tweezers and left in the incubator for 24 hours. The width of the the inhibition zone was 

calculated and the outcomes were detailed.  

3.8. Biochemical analysis (Evaluation of antioxidant potential)  

3.8.1. Preparation of plant extracts  

To evaluate antioxidant activities, the enzymes of the selected parts of D. malabarica and 

D. kaki (each 0.15 g) were extracted in KH2PO4 (pH 7.4) and kept on centrifuge at 12,000 rpm 

for ten minutes. Subsequently, separated supernatant from eppendorf tubes after centrifuge was 

stored at 4
0
C

 
for further analysis as described by Dixit (Dixit et al., 2001). Antioxidant activities 

of plant parts were assessed by the following techniques. 

3.8.2. Enzymatic antioxidants 

3.8.2.1. Ascorbate peroxidase (APX) activity 

Plant  parts were made uniform to describe APX action comprising 50 mM KH2PO4 

buffer with 7.0 pH APX action was evaluated utilizing (Dixit et al., 2001) technique. Buffer 

assay was formed via mingling 500 mM EDTA, 200 mM buffer consisting of 7.0 pH and 10 mM 

C6H8O6.  This action was assessed through analyse solution, possessed assay buffer with 0.5 M 

EDTA, 10 mM vitamin C, 1 mL of H2O2,  supernatant 50 μL  and 200 mM KH2PO4 buffer. The 

valuation of oxidation level of ascorbic acid was monitored after every 30 seconds by means of 

reduction in absorbance at 290 nm (Chen and Asada, 1989). 

3.8.2.2. Superoxide dismutase (SOD) activity 

The examine of  superoxide dimutase (SOD) activity was based on its capacity to reduce 

the photochemical decrease of nitroblue tetrazolium (NBT) as described in (Giannopolitis and 

Ries, 1977) method with some modification.  1 mL test mixture comprised of 400 µL H2O2, 250 

µL of 200 mM KH2PO4 buffer with 7.4 pH, 100 µL C5H11NO2S, one hundred microliter of 

triton, 50.00 µL NBT, 50 µLof extract & 50.00 µL riboflavin.   

Test tubes having reaction mixture were held in light (15-W incandescent lamps) for 

irradiation at 78.00 µmol m
-2

 s
-1 

for 10 minutes during addition of riboflavin in last step. The 

absorbance of all the reaction solutions was determined at 560 nm by the use of the UV-Visible 

spectrophotometer (NIB-A (6)-SPH-006). Potassium phosphate buffer was taken as blank. The 
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meaning of 1U of superoxide dismutase action was the measure of enzyme which demonstrated 

50.00 % hindrance of photo-chemical decrease of nitroblue tetrazolium. 

 3.8.2.3. Peroxidase (POD) activity 

 Peroxidase (POD) activity was examined following the (Chance and Maehly, 1955) 

method with some modifications. For this , the reaction solution (1 mL) consisted of 100 µL of 

200 mM guaiacol,  100 µL of 400 mM H2O2, 250 µL of 200 mM KH2PO4 buffer (pH 7.4), 445 

µL H2O and 5 µL enzyme extract. Immediately, there was happening of reaction after adding 

enzyme separate. The rise in absorbance of the assay mixture was recorded at 470 nm after every 

20 s using UV-Visible spectrophotometer (NIB-A (6)-SPH-006). 1U of peroxidase action was 

change in absorbance of 0.01 units per minute.  

 3.8.2.4. Catalase (CAT) activity 

Catalase (CAT) activity was determined by  (Chance and Maehly, 1955) strategy with 

some modifications. To measure CAT activity, the reaction mixture consisted of 1.9 mL of 50 

mM KH2PO4 buffer (pH 7.4), 0.059 M H2O2 (substrate solution) and 100 µL enzyme 

concentrate. The response was started immediately soon after adding enzyme extract. Decrease 

in assay mixture absorbance was recorded at 240 nm after every 30 s using UV-Visible 

spectrophotometer (NIB-A (6)-SPH-006). One unit of catalase action was characterized as the 

adjustment in absorbance of 0.01unit/min.  Based on protein; the activities of enzymes were 

analyzed. The enzyme extract protein concentration was estimated by the use of dye binding 

assay following (Bradford, 1976) method.  

3.8.3. Hydrolytic enzymes 

3.8.3.1 Protease activity 

The activity of protease was estimated utilizing casein absorption test of (Drapeau, 1974) 

with a few adjustments. Test tubes containing 1% casein (2.0 mL) were incubated at 37 °C for 5 

min. 100 µL enzyme extract was added to all test tubes and blended well. Blank was set up by a 

similar technique however potassium phosphate support at7.4 pH was utilized rather than extract. 

The test tubes having reaction solution were put at ambient temperature for 10 minutes. 2.0 mL 

trichloro acetic acid (TCA) arrangement was added and mixed well to stop the reaction. At that 

point tubes were kept for 10 minutes & reaction solution was then filtered to eradicate 
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precipitates prepared in reaction. Absorbance of filtrate was recorded at 280 nm utilizing UV-

Visible spectrophotometer (NIB-A (6) - SPH-006). 1U of protease action is measure of chemical 

that discharges acid soluble particles corresponding to 0.001 A 280 min
-1

 at 37°C and 7.8 pH. 

3.8.3.2 Esterase activity 

The activity for non specific esterase specifically alpha and β-esterases were estimated by 

(Van Asperen, 1962)  method comprising few modifications. Here, αand beta C12H10O2 

derivations were utilized as substrates, separately. The fast blue BB sodium dodecyl sulfate 

(SDS) arrangement offered light green color for α- naphthyl while light purple for β- naphthyl. 

C10H8O was created in reaction by substrate hydrolysis which may be detected through 

spectrophotometer. The assay solution contained 5 mL substrate solution (0.03 M α or β– 

naphthyl acetic acid derivation, β–naphthyl acetate, (CH3)2CO and refined H2O), 980 μL of 0.04 

M K2HPO4 buffer comprising 6.8 pH & 20 μL of extract. The recation solution was incubated for 

precisely 30 min. at lab temperature and was placed in darkness for twenty minutes. 1 mL of 

staining mixture (made by mingling two parts blue BB solution (0.5 grams in 50 mL of 0.04 M 

K2HPO4 buffer consisting of 6.8 pH) & five parts of 5% SDS) was put in all test tubes & then 

these tubes were placed away from light for twenty minutes. A blank solution was made in the 

similar way but K2HPO4 buffer was taken instead extract. The absorption for both α and beta 

C10H8O wasverified for the color develoment at 590 nm by UV-Visible spectrophotometer (NIB-

A (6)-SPH-006) respectively. 

3.8.3.3 Amylase activity 

The α-amylase inhibition activity was measured using (Giancarlo et al., 2006) method 

with few modifications. Starch solution was formulated (1%, weight/volume) by addition of  one 

gram of soluble starch in 100 mL of 0.02 M Na2HPO4 having 0.006 M sodium chloride at pH 

6.9. Dinitrosalicylic acid (DNS) color reagent was prepared by mixing 96 mM DNS solution 

(one gram of DNS in 50 mL of distilled H2O) & KNaC4H4O6·4H2O soultion (30 gram of sodium 

KNaC4H4O6•4H2O in 20 mL of 2 N NaOH).  

In assay mixture, 1 mL of starch solution, 0.2 mL of the enzyme extract and 1.8 mL of 

H2O were added in all test tubes and incubated at lab temperature for 3 min. Color reagent (1mL) 

was put in l tubes and kept in water bath for fifteen minutes at 100 
o
C. All reaction mixtures were 

cooled & made thinner with 9 mL distilled H2O while well mixing. The absorbance was noted at 
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540 nm using UV-Viible spectrophotometer (NIB-A (6)-SPH-006).  The blank solution was 

prepared in similar way but K2HPO4 buffer was utilized than  extract (Varavinit et al., 2002). 

3.9 Non-enzymatic antioxidants 

3.9.1 Total phenolic contents (TPC) 

These were determined with microcolorimetric method described by Ainsworth & 

Gillespie (2007) with few modifications. TPC of tested plant organs (0.10 g) were extracted in 

800 μL of 95% (volume/volume) methanol, centrifuged at 14,000 rpm for 10 minutes & buoyant 

was detached. 100 μL of each supernatant and 100 μL of 10% Folin-Ciocalteau (F–C) reagent 

was put in all tubes, mixing them well five times. 0.7 M sodium carbonate was employed in test 

tubes & allowed to keep for 1 hr at room temperature.  

Absorbance of all reaction mixtures was measured at 765nm by spectrophotometer (NIB-

A (6)-SPH-006). Similarly, the blank solution was arranged by using 95% methanol than extract. 

Spectrophotometr was set at auto zero using blank solution prior to recording absorption of 

reaction assortments. Subsequently, 0.1 g polyvinylpolypyrrolidone (PVPP) was added directly 

to reaction mix to determine tannins, centrifuged & again absorbance was recorded at 765 nm. 

Phenolic contents were calculated such as Gallic acid (C7H6O5) equivalents per mg of dry plant 

extract on basis of Gallic acid (C7H6O5) standard curve from linear regression equation. 

3.9.2 Ascorbic acid assay (vitamin C) 

For measurement of vitamin C, DCIP (dichlorophenolindophenol) process (Hameed et 

al., 2005) was executed that records only reduced vitamin C. Shortly, all molecules of ascorbic 

acid changes a molecule of DCIP into DCIPH2 molecule & this transformation may be recorded 

as reduction in absorbance at 520 nm.  By using known series of vitamin C concentrations, 

standard curve was drawn. Simple linear regression equation was followed to calculate 

concentration of ascorbate in unknown sample. 

3.10 Other biochemical parameters 

3.10.1 Total oxidant status (TOS) 

This parameter was analyzed using a unique automatic Erel's advanced process (Harma et 

al., 2005).Here,, ferrous ion-odianisidine complex was oxidized to ferric ions due to  oxidants 

found in plant sample in an acidic media. Glycerol molecules which are rich in the reaction 
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medium enhanced the oxidation reaction. During reaction a colored complex was produced due 

to reaction between ferric ion and Xylenol Orange.  The intensity of color present in reaction 

solution linked to quantity of oxidant molecules was calculated using UV-Visible 

spectrophotometer.  

The examine mixture contained 900 μL reagent R1 (75 μL of stock xylenol orange 

solution (0.38 grams in 500 μL of 0.025M H2SO4), 0.49 g sodium chloride, 500 μL C3H8O 

(glycerol)& made volume upto 50 mL with 0.025M sulphuric acid), 140  μL plant extract & 44 

μL of reagent R2 (0.0317 gram of p-anisidine, 0.0196 gram  ammonium  iron (II) sulphate and 

raised volume up to 10 mL with 25 mM H2SO4). After five minutes, absorption of each reaction 

solution was determined at λ of 560  nm using UV-Visible spectrophotometer (NIB-A (6)-SPH-

006). Then spectrophotometer was put on autozero before adding reagent R2. Results were 

measured in µM H2O2 equivalent L
-1

. Hydrogen peroxide was followed for assay calibration. The 

µM H2O2 equivalents per gram term were used for showing results. 

3.10.2. Total antioxidant capacity (TAC) 

Total antioxidant capacity was measured using assay demonstrated by (Nenadis et al., 

2007)  procedure comprising few modifications. Basics of the ABTS method is that ABTS•+ 

radical having blue-green color reduces to original colorless ABTS through antioxidants found in 

sample extract. This assay consists of 1 mL reagent R1 (94 mL of 0.4 M sodium (CH3COOH + 

CH3COONa) acetate buffer solution & 6 mL of CH₃COOH (acetic acid), at 5.8 pH), 25 μL plant 

extract &100 μL R2 reagent (0.75 mL of 30 mM sodium phosphate buffer solution, 9.25 mL of 

30 mM CH₃COOH, 2.36 μL of H2O2  & 0.549 g of ABTS ). After five minutes. Absorption of 

all reaction mixture was calculated at 660 nm with the help of tspectrophotometer (NIB-A (6)-

SPH-006). The spectrophotometer was placed on autozero before adding R2 reagent before to get 

absorption of all reaction mixtures. Equation used to calculate inhibition of free radical 

scavenging activity is as follows:  

% Inhibition = 100 × (Absorbance of the control − Absorbance of the sample) / Absorbance of 

the control  

The effective concentration at which ABTS•+ radical cation is scavenged by 50 % 

represented by EC50 value (µg / mL).  Vitamin C was utilized to make standardization curve in 

analysis. Results found for anti-oxidant stuff of plant samples were then calculated as micro 

molar vitamin C equivalent per g. 
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3.10.3. Protein estimation  

Protein of both plants (0.15 g) was estimated by homogenizing samples in 50mM 

KH2PO4 buffer having 7.4 pH. The standard defined process (Bradford, 1976) was followed for 

assessment of quantifiable protein. For the estimation of protein, eppendorf tubes were utilized in 

this study. 0.1 N NaCl & 5 μL buoyant were added in 1 mL Bradford dye for estimation of 

protein in plant samples and protein dye complex was formed after allowing reaction solution to 

stand for five minutes. The absorbance was measured at 595 nm using UV-Vis 

spectrophotometer. The spectrophotometer was put on autozero using blank solution prior 

getting absorption of all assay mixtures. The blank solution was arranged in similar manner 

while using buffer than plant extract.  

3.10.4. Reducing Sugars (Sugar contents) 

Reducing sugars were estimated by using the dinitrosalicylic method (Miller, 1959). The 

principle of reaction is dinitrosalicylic reacts under alkaline conditions with free carbonyl group, 

making an aromatic compound 3-amino-5-nitrosalicyate with maximum absorption at 540 nm. 

Total sugar contents were calculated by using phinol H2SO4 reagent method (Dubois et al., 

1951). 100mg of each sample was boiled for three hours and hydrolysed with 2.5 normal HCl 

(5mL) and cooled at room temperature. The solution was neutralized with solid Na2CO3 and 

centrifuged. 0.1mL and 0.2mL of sample solution were taken in test tubes and made 1mL of 

solution with the help of water. Added 1mL of phenol solution and 5mL of 96% sulphuric acid 

in each tube and shaked well. Then test tubes were kept on water bath for 20 min at 25-30°C. 

After cooling absorbance was measured at 490 nm. Non-reducing sugars were calculated by the 

difference. 

3.11 Measurement of pigments   

This analysis includes pigments including total chlorophyll, chlorophyll a and b  (Chl a a 

&b), carotenoids and lycopene of  tested  plant organs ( 0.15 g) were extracted in 1500 μL 

aqueous acetone (80% (v/v)) and  put on centrifugation  at 12,000 rpm for 10 minutes. 

Supernatant was separated for analysis. This analysis consist of plant extract (500 μL) &1500 μL 

of C3H6O (acetone).The pigments absorbance was calculated at 663, 645, 505, 470 & 453 nm 

wavelengths, respectively by UV-Visible spectrophotometer (NIB-A (6)-SPH-006). 

(LICHTENTHALER and Wellburn, 1983) equations were utilized to assess concentrations of 
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pigments (mg/g FW). 

3.12 Statistical analysis  

All experiments were repeated three times for biochemical studies. The expressive statistics were 

employed to access & assemble subsequent information.  F-test was put in to discover contrasts 

in change among tests.The significant differences between samples (irradiated & non-irradiated) 

for diverse variables was estimated utilizing Student‘s t-Test (two followed) at 0.01 & wherever 

PC programming Microsoft Excel 2000. 

3.13. Synthesis of zinc oxide nanoparticles 

3.13.1. Preparation of plant extracts 

Selected plant organs were eroded a few times with refined H2O to eliminate sand particles & 

afterward sun dried to abolish the remaining wetness. Plant extricates were set up by setting 5 

gram of dehydrated fine cut in 250 mL glass measuring beaker  alongside 200 mL of sterile 

refined H2O (Fig. 3.4). Then mixture was then bubbled for 5 minutes until the shade of fluid 

changed from watery to yellow. At that point the mixture was cooled to ambient temperature & 

separated using Whatman filter paper prior to centrifuging at 1200 rpm for two minutes to 

eliminate biomaterials. Then extracts were kept at ambient temperature till further experiments. 

3.13.2. Green synthesis of zinc oxide (ZnO) nanoparticles 

5mL extract of watery yellow leaves, bark & unripe fruit organs of D. kaki and D. 

malabarica were added to 300 mL of 4 mM of aqueous zinc sulfate heptahydrate solution and 

stirred at room temperature for 5 min to achieve the color. The color of the solution was pale 

yellow (Fig 3.6-3.8). 1M solution of sodium hydroxide was put in the mixture dropwise having 

stirring continuously at room temperature, pale yellow shade of the above mixture started 

changing to off-white suspension at 12 pH.  

The adjourned particles were cleansed by dispersing in sterile distilled water and 

centrifuged multiple times. 5% SDS (NaC12H25SO4) solution was included in NPs solution.  SDS 

was utilized as protective layer for NPs to avoid  nanoparticles from further reaction. Afterwards, 

ethanol  was utilized to  wash white NPs to eliminate the impurities from  last final product. The 

white NPs powder was gained in wake of drying at 60 °C in vacuum stove for 6 hrs. The above 

process was repeated using different amounts of D. malabarica & D. kaki leaves, bark and 
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unripe fruit extracts and zinc sulfate heptahydrate solution at room temperature (Awwad et al., 

2014).  

 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

                            

 

Fig.3.4. Schematic diagram of sample preparation for ZnO NPs 
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Fig.3.5. Diagram showing extraction of D.kaki and D.malabarica to synthesize ZnONPs 

 

Fig.3.6. Powdered ZnO NPs of D. kaki and D. malabarica after drying 
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3.13.3. Characterization of zinc oxide nanoparticles  

The characterization of the synthesized nanoparticles from different concentrations of leaves, 

bark and unripe fruit extracts of D.kaki and D. malabarica using zinc sulphate heptahydrate and 

sodium hydroxide was determined by UV-Visible spectroscopy because of their maximum 

absorbance.Optical characteristic of Zinc oxide NPs was measured via ultraviolet and visible 

absorption spectroscopy (Yedurkar et al., 2016). The amalgamated ZnO NPs were categorized 

by Perkin-Elmer UV-Visible spectrophotometer via taking 0.1 mL of the sample and diluting it 

with 2 mL deionized water, as a function of time of reaction using  UV-Visible 

spectrophotometer in 300 nm  to 700 nm region operated at a resolution of 1 nm (Awwad et al., 

2014). External morphology i.e. shape of NPs were described by FESEM. The experiment was 

executed at accelerate voltage of 15 kV. The slide was coated with platinum and after the 

platinum coating,  FESEM image was taken (Pattanayak, 2013). Essential investigation was 

acquired from vitality dispersive X-ray diffraction (EDS), which was joined with SEM 

(Yedurkar et al., 2016). Powder X-beam diffraction was performed utilizing X-beam 

diffractometer, Shimadzu, XRD-6000 with CuKα radiation λ = 1.5405 Å over an extensive 

variety of Bragg points (20
o
 ≤ 2θ ≤80°). The powder test was taken for the XRD investigation 

which was likewise put on a glass slide for examination (Awwad et al., 2014). The synthesized 

ZnO nanoparticles were characterised by Perkin Elmer Spectrophotometer FT-IR Spectrum for 

the study and characterization of the attached functional groups to the surface of the synthesized 

ZnO nanoparticles with the scanning range of 4000-450 cm
-1 

with the resolution of 4cm
-1

. For 

the FTIR characterization, the sample was mixed with solid KBr uniformLy and properly which 

was compressed to settle down on a thin transparent film and this thin transparent film for FTIR 

analysis was kept in the chamber of the instrument for scanning (Pattanayak, 2013). 

 

  

 

Characterization of ZnO NPs 

UV-Visible 

XRD 

FESEM and EDS 

FTIR 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1. Extraction yield 

The fine powdered plant material after solvent extraction was weighed. All solvent 

extracts of D.kaki and D.malabarica showed good extraction yield (Table 4.1a & 4.1b) but 

highest yield was find out in more polar solvents, methanol and ethanol than less polar solvents. 

Table 4.1a. Extraction yield (%) of D. kaki plant parts 
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Table 4.1b. Extraction yield (%) of  D. malabarica plant parts 
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Th results obtained indicated that polar solvents as methanol followed by ethanol could 

be best and effective solvents to extract more phytochemical compounds as compared to 

petroleum ether, ethyl acetate and dichloromethane and can act as free radical scavengers 

because phytochemical contents determine their antioxidant capacity. 
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4.2. Phytochemical screening 

4.2.1. Qualitative analysis 

  In the last few years, search for biologically active constituents from natural origin has 

been extensively increased. Plants consist of a large number of phytochemicals like tannins, 

saponins, flavonoids and terpenoids that have direct link with medicinal value of particular plant. 

These active constituents are used to cure various diseases after isolation and formulations in 

many drug dosage forms (Tiwari et al., 2011). In this study, results for the phytochemical 

screening demonstrated the presence of tannins (Fig 4.1a & b) with appearance of black color 

(Evans, 2002).  

 

             (a)                                                   (b) 

            Fig.4.1. Tannin test for different extracts of D. kaki (a) and D. malabarica (b) 

Similarly, result for saponins was also found positive by the froth formation (Fig 4.2 a&b) 

(Sofowora, 1982). 

 

                                                   (a)                                                            (b) 

              Fig.4.2. Sponin test for different extracts of D. kaki (a) and D.malabarica (b) 
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Appearance of yellow color (4.3a & b)  indicated the presence of flavonoid group in 

plants of natural products  along with tannins (Evans, 2002). 

 

                                         (a)                     (b) 

         Fig.4.3. Flavonoid test for different extracts of D. kaki (a) and D.malabarica (b) 

The successive appearance of reddish brown color (Fig 4.4a & b) on inner face also 

confirmed terpenoids presence in the plant (Sofowora, 1982). 

 

                                       (a) (b) 

            Fig.4.4.Terpernoid test for different extracts of D. kaki (a) and D.malabarica (b) 

The phytochemical screening showed that different plant organs of D. kaki and D. malabarica 

are good source of natural products such as flavonoids, tannins, saponins and terpenoids (Table 

4.2a & b) 
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Table 4.2a.  Comprehensive view of phytochemicals  in D. kaki plant extracts 

 

                 +: Low color intensity, +++: high color intensity - : absence of coloration 
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+: Low color intensity, +++: high color intensity - : absence of coloration 
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Table 4.2b.  Comprehensive view of phytochemicals  in D. malabarica plant extracts 

              

                   +: Low color intensity, +++: high color intensity, - : absence of coloration 
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 +: Low color intensity, +++: high color intensity, - : absence of coloration 

The comprehensive view of D.kaki and D.malabarica demonstrated that polarity-

dependent increase in extraction yield and phytochemical constituents may be ascribed to the 

high affinity of bioactive compounds in both plants towards more polar solvent methanol 

followed by ethanol than non-polar solvents. So,  for further qunatitaive determination (TPC and 

TFC) and evaluation of biological activities,only methanol and ethanol extracts of both plant 

species were screened out due to their highest extraction yield and greatest presence of 

phytochemicals in polar solvent extracts (methanol and ethanol) than non polar solvents. 
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4.2.2. Quantitative phytochemical analysis 

4.2.2.1. Total phenolic and flavonoid ontents (TPC and TFC) 

Total polyphenolic and flavonoid contents were found in D. kaki and D. malabarica from 

linear regression equation using standards as gallic acid and quercetin respectively. TFC and 

TPC were found in all parts of D. kaki (Table 4.3a) and D. malabarica (Table 4.3b) but 

methanolic extract of D. kaki leaves has the highest (840 ± 0.01 μg EAG / mg of extract) TPC 

and (670 ± 1.2 μg EQ / mg of extract) of TFC. More than 77.4% flavonoids have been reported 

from leaves extract of D. kaki (Bei et al., 2009). Similarly, methanolic extract of D. malabarica 

bark has the highest (602 ± 0.001 µg EAG/ mg of extract) TPC and (455 ± 0.6 μg EQ / mg of 

extract) of TFC.  

Phytochemical contents were correlated with total phenolic and total flavonoid contents. 

So, during qunatitaive screening of phytochemicals like TPC and TFC, high values of TPC and 

TFC in methanol indicated that most of the phenolic compounds found in D.kaki and 

D.malabarica might be polar in nature. The results showed that methanol could be the most 

effective solvent to extract phytochemicals in comparison to ethyl acetate, petroleum ether and 

dichloromethane and may fight against free radicals because antioxidant capability is determined 

by phytochemical contents. Antioxidant activity was also reflected by phenolic compounds 

found in D. malabarica (Sarmah and Baishya, 2013a). Of  all  phytochemicals, polyphenols have 

been greatly identified as antioxidant anti-inflammatory, antiviral and antimicrobial agents 

(Steinmetz and Potter, 1996). A substantial number of investigations have concentrated on 

phenolics for their natural activities being strong cancer preventing agents & free radical 

quenchers (Rice-evans et al., 1995; Kähkönen et al., 1999; Sugihara et al., 1999). Moreover, 

biological characteristics like anti-inflammation, antiapoptosis, antiatherosclerosis, antiageing, 

cardiac defence & anti-cancer  were also reported via phenolic compounds (Han et al., 2007). 

However, TFC and TPC have been reported to prevent DNA from oxidative harm like inhibition 

of cancer cells development and reflected anti-inflammatory and antimicrobial activities (Torel 

et al., 1986; Yao et al., 2010). So, our resulted phenolic and flavonoid contents can be used for 

above mentioned similar trials.  
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       Table 4.3a.TPC and TFC contents in D. kaki plant extracts 

 

 Extracts 

 

          Solvents 

 

Total Phenols 

(μg EAG/mg) 

 

Total Flavonoids 

(μg EQ/mg) 

Root Methanol 204±0.002 485±0.9 

Ethanol 196 ±0.002 402±0.7 

Bark 

  

Methanol 409±0.004 455±0.9 

Ethanol 312±0.003 432±0.8 

Stem 

  

Methanol 181±0.005 406±0.7 

Ethanol 166±0.002 376±0.7 

Leaves 

  

Methanol 840±0.01 670±1.2 

Ethanol 783±0.02 598±1.1 

Unripe fruit 

  

Methanol 667±0.08 611±1.2 

Ethanol 616±0.07 520±1.1 

Ripe fruit Methanol 450±0.005 601±1.15 

Ethanol 397±0.004 537±1.0 

                              EAG: Equivalent Gallic acid; EQ: Equivalent Quercetin 

 Table 4.3b.TPC and TFC contents in D. malabarica plant extract 

 

Extracts 

 

Solvents 

 

Total Phenols 

(μg EAG/mg) 

 

Total Flavonoids 

(μg EQ/mg) 

Root Methanol 299±0.004 285±0.7 

Ethanol 246 ±0.002 204±0.8 

Bark 

  

Methanol 602±0.001 455±0.6 

Ethanol 534±0.002 432±0.5 

Stem Methanol 208±0.005 196±0.2 
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  Ethanol 191±0.005 106±0.1 

Leaves 

  

Methanol 440±0.001 379±1.2 

Ethanol 383±0.001 368±1.1 

Unripe fruit 

  

Methanol 467±0.04 211±1.2 

Ethanol 416±0.07 220±1.7 

Ripe fruit Methanol 450±0.002 301±1.5 

Ethanol 397±0.08 237±1.0 

                                          EAG: Equivalent Gallic acid; EQ: Equivalent Quercetin 

4.3. Biological activities  

Methanol and ethanol extracts of different organs of D. kaki and D. malabarica were also 

subjected for antibacterial, antifungal, anti-diabetic, anti-inflammatory and antianticancer 

activities. The results of these activities are discussed below. 

4.3.1. Antibacterial activity 

This study showed antibacterial activity in all organs of D. kaki and D. malabarica 

(Table 4.4a & b). The bacterial activity for the streptococcus was found more sensitive as 

compared to E. coli in both methanol and ethanol extracts of D. kaki and D. malabaica. Ethanol 

extract of D. kaki unripe fruit showed the strongest zone of inhibition 32.50 mm against gram 

positive bacteria “Streptococcus” which was found nearly equal to standard (ciprofloxacin 250 

mg) zone of inhibition (45.5 mm). Methanol extract of leaves displayed 29.25 mm inhibitory 

action against the gram negative bacteria ―E. coli” which was found not more lower than 

standard (39.50) inhibitory zones. In this study, we observed that the ethanolic extract showed 

better antibacterial action against the gram-positive bacteria in contrast with the gram-negative 

bacteria. There was found limited or no information about reported antibacterial activity in D. 

kaki extracts. So, our observed antibacterial activity in unripe fruit and leaves extract of D. kaki 

may be future perspective to prevent diseases. Antibacterial activity of different medicinal plant 

extracts was reported (El Astal et al., 2005; Khan et al., 2007; Jain et al., 2008) and our present 

work can also support these above mentioned findings. 
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Table 4.4a. Anti-bacterial effect and MIC of D. kaki plant extracts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               *Values are mean of duplicates of zone of inhibition 

 

 

 

  

Extracts 

 

*Mean ± SD 

 

                 MIC 

Concentration Mean 
 

 

*Mean ± SD 

 

MIC 

concentration Mean 
 

Standard 

E
. 
co

li
 

39.5 ± 2.3  

S
tr

ep
to

co
cc

u
s 

45.50 ± 0.9  

 

 

 

 

Leaves  

 

 

Methanol 

 

 

29.25± 0.8 

90% 12.25 

70% 9.75 

40% 9.00 

10% Nil 
 

 

13.00 ± 1.6 

90% 12 

70% 10.25 

40% 9.25 

10% Nil 
 

 

 Ethanol 

 

11.75± 1.2 

90% 9.75 

70% Nil 

40% Nil 

10% Nil 
 

 

16.75 ± 1.5 

90% 12.75 

70% 10.00 

40% Nil 

10% Nil 
 

 

 

 

   Bark  

 

Methanol 

 

    9.75± 0.9 

90% 9.75 

70% Nil 

40% Nil 

10% Nil 
 

 

12.75 ± 1.5 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 

Ethanol 

 

11.5± 2.0 

90% 9.50 

70% Nil 

40% Nil 

10% Nil 
 

 

9.75 ± 0.9 

90% 9.00 

70% Nil 

40% Nil 

10% Nil 
 

 

 

 

Stem  

 

Methanol 

12 ± 2.1 90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 

12.00 ± 1.4 

90% 9.5 

70% Nil 

40% Nil 

10% Nil 
 

 

Ethanol 

16.25±1.2 90% 12.50 

70% 10.25 

40% 9.25 

10% Nil 
 

 

10.25 ± 1.2 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
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*Values are mean of duplicates of zone of inhibition 

Likewise, methanol  bark extract of  D.malabarica showed the strongest zone of 

inhibition 30.25 mm against streptococcus, the gram positive bacteria while standard 

(ciprofloxacin 250 mg) has 45.5mm zone of inhibition. Ethanol extract of unripe fruit has 19.25 

mm inhibitory activity against the gram negative bacteria E. coli while standard has 39.50 

inhibitory zones. In this study, we observed that the ethanolic extract showed better antibacterial 

action contrary to the gram-positive bacteria than gram-negative bacteria. The anti-bacterial 

action has also been reported earlier in leaves of D. malabarica to prevent diseases (Ravikumar 

 

  

Extracts 

 

*Mean ± SD 

 

MIC 

Concentration Mean 
 

 

*Mean ± SD 

 

MIC 

concentration Mean 
 

Standard 

E
. 
co

li
 

39.5 ± 2.3  

S
tr

ep
to

co
cc

u
s 

45.50 ± 0.9  

 

 

 

Unripe 

fruit  

 

 

Methanol 

 
 
9.75 ± 0.9 

90% 9.00 

70% Nil 

40%     Nil 

10% Nil 
 

  
 
15.75 ± 0.9 

90% 13.25 

70% 9.75 

40% Nil 

10% Nil 
 

 

 Ethanol 

 
 
10.25±0.9 

90% 9.5 

70% Nil 

40% Nil 

10% Nil 
 

 
 
32.5  ± 0.8 

90% 14.50 

70% 12.25 

40% 9.75 

10% Nil 
 

 

 

 

Ripe 

fruit 

 

Methanol 

 
 
11.00±1.2 

90% 10.25 

70% Nil 

40% Nil 

10% Nil 
 

 
 
20.25 ± 1.7 

90% 13.75 

70% 11.25 

40% 9.25 

10% Nil 
 

 

Ethanol 

 
 
12.25±1.2 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 
 
18.75± 1.7 

90% 12.75 

70% 9.00 

40% Nil 

10% Nil 
 

 

 

 

Root 

 

Methanol 

 
 
14.75±1.7 

90% 10.5 

70% 9.00 

40% Nil 

10% Nil 
 

 
 
19.00 ± 1.8 

90% 13.75 

70% 9.5 

40% Nil 

10% Nil 
 

 

Ethanol 

 
 
15.5 ± 1.2 

90% 13.25 

70% 10.75 

40% 9.25 

10% Nil 
 

 
 
17 ± 1.6 

90% 12..5 

70% 9.00 

40% Nil 

10% Nil 
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et al., 2014a) while our study showed significant antibacterial activity in bark which  could be 

applied for similar findings. 

Table 4.4b. Anti-bacterial effect and MIC of  D. malabarica plant extracts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                *Values are mean of duplicates of zone of inhibition 

 

 

  

Extracts 

 

*Mean ± SD 

 

                   MIC 

Concentration Mean 
 

 

*Mean ± SD 

 

                  MIC 

concentration Mean 
 

Standard 

E
. 

co
li

 

39.5 ± 2.3  

S
tr

ep
to

co
cc

u
s 

45.50 ± 0.9  

 

 

 

Leaves 

 

 

Methanol 

 
 
11.75 ± 1.5 

90% 9.5 

70% Nil 

40%     Nil 

10% Nil 
 

 
 
17.00 ± 1.4 

90% 11.75 

70% Nil 

40% Nil 

10% Nil 
 

 

 Ethanol 

 
 
11.5 ± 1.9 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 
 
  15.75 ± 0.9 

90% 12.50 

70% 9.25 

40% Nil 

10% Nil 
 

 

 

 

Bark 

 

Methanol 

 
 
 12.00 ± 1.8 

90% 9.50 

70% Nil 

40% Nil 

10% Nil 
 

 
 
   30.25 ± 0.9 

90% 12.75 

70% 9.50 

40% Nil 

10% Nil 
 

 

Ethanol 

 
 
 11.50 ± 2.0 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 
     
15.75 ± 1.7 
 

90% 14.00 

70% 10.75 

40% Nil 

10% Nil 
 

 

 

 

Stem 

 

Methanol 

 
 
 11.75 ± 1.7 

90% 9.75 

70% Nil 

40% Nil 

10% Nil 
 

 
 
 15.25 ± 1.2 

90% 9.75 

70% Nil 

40% Nil 

10% Nil 
 

 

Ethanol 

 
 
 10.25 ± 1.5 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 
 
  9.75 ± 0.9 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
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                                     *Values are mean of duplicates of zone of inhibition 

The MIC values of different parts of D. kaki and D.malabarica  were observed (Table 

4.4a & b). MIC of all extracts was found in  90%, 70%, 40% and 10% concentrated samples 

against the same bacterial strains of E. coli and streptococcus. Every sample showed inhibitory 

zone at 90% concentration and no inhibition was found at 10% concentration. Total activity 

 

  

Extracts 

 

*Mean ± SD 

 

MIC 

Concentration Mean 
 

 

*Mean ± SD 

 

MIC 

concentration Mean 
 

Standard 

E
. 

co
li

 

39.5 ± 2.3  

S
tr

ep
to

co
cc

u
s 

45.50 ± 0.9  

 

 

 

Unripe 

fruit 

 

 

Methanol 

 
 
10.50 ± 1.5 

90% 14.25 

70% 12.25 

40%     9.75 

10% Nil 
 

 
 
 18.25 ± 1.7 

90% 12.75 

70% 9.25 

40% Nil 

10% Nil 
 

 

 Ethanol 

 
 
19.25 ± 1.9 

90% 9.75 

70% Nil 

40% Nil 

10% Nil 
 

 
 
  14.25 ± 0.9 

90% 9.50 

70% Nil 

40% Nil 

10% Nil 
 

 

 

 

Ripe 

fruit 

 

Methanol 

 
 
13.25 ± 1.2 

90% 10.5 

70% Nil 

40% Nil 

10% Nil 
 

 
 
  14.25 ± 1.2 

90% 9.75 

70% Nil 

40% Nil 

10% Nil 
 

 

Ethanol 

 
 
 13.50 ± 1.9 

90% 10.25 

70% 9.25 

40% Nil 

10% Nil 
 

 
 
  10.25 ± 1.5 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 

 

 

Root 

 

Methanol 

 
 
 11.50 ± 2.0 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 
 
  11.25 ± 0.9 

90% 10.00 

70% Nil 

40% Nil 

10% Nil 
 

 

Ethanol 

 
 
 9.50 ± 1.2 

90% 9.25 

70% Nil 

40% Nil 

10% Nil 
 

 
 
  13.25 ± 0.9 

90% 12.00 

70% 9.00 

40% Nil 

10% Nil 
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range against the E. coli and streptococcus was 9 mm-14.50 mm in D. kaki whereas it was 9.25 

mm-14 mm in D. malabarica .  

4.3.2. Antifungal activity  

Methanol and ethanol extracts of different parts of D. kaki and D. malabarica  were 

assessed for their antifungal activities against a fungal strain of  A. flavus  and A. niger (Table 4.5 

a & b). In this study, the D. kaki extracts showed appreciable activity against fungal strains. In 

comaprison to standard antibiotic drugs, D. kaki extracts were found not to be inactive against A. 

flavus  and A. niger . Ethanol extract of unripe fruit showed the highest inhibition zone of 17.50 

mm against A. niger  and 16.25 mm against A. flavus which was found almost near to standard 

drug (20.25 mm)  even at very  low concentrations  

         Table4.5a. Anti-fungal potential of D. kaki plant extracts.                

Extracts Solvents                A.niger 

*Mean ± SD 

A.flavus 

         *Mean ± SD 

Novidate (500mg) Standard 20.25 ± 2.5 20.50 ± 2.0 

Leaves 

 

Methanol 14.75 ± 2.7 13.00 ± 1.6 

Ethanol 11.5 ± 2.0 14.25 ± 1.7 

Bark 

 

Methanol 11.75 ± 1.2 12.75 ± 2.5 

Ethanol 12.75 ± 0.9 13.00 ± 2.1 

Stem 

 

Methanol 13.00 ± 2.1 13.25 ± 1.7 

Ethanol 12.25 ± 1.2 9.75 ± 0.9 

Unripe fruit 

 

Methanol 9.25 ± 0.9 15.50 ± 2.0 

Ethanol 17.50 ± 0.8 16.25 ± 2.0 

Ripe fruit 

 

Methanol 12.25 ± 1.7 13.25 ± 2.0 

Ethanol 10.00 ± 2.6 13.50 ± 1.7 

Root 

 

Methanol 14.50 ± 1.2 11.25 ± 0.9 

Ethanol 16.75 ± 2.0 14.75 ± 1.5 

 *Values are mean of duplicates of zone of inhibition 
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Likewise, the extracts obtained from D. malabarica showed significant activity against 

fungal strains. Extracts of D. malabarica were also found not to be inactive against A. niger and 

A. flavus in comparison of standard antibiotic drugs. Methanol extract of bark showed the highest 

inhibition zone of 18.25 mm against A. flavus and 17.50 mm against A. niger (Table 4.5 b) which 

was found near to standard drug (20.25 mm). It has been found that these extracts even at low 

concentrations exhibited antifungal activity almost equivalent to that of the standard medication. 

Table 4.5b. Anti-fungal potential of D. malabarica plant extracts 

  

Significant antifungal activity shown by methanolic and ethanolic extracts against 

microorganisms could be owing to rich in tannins, saponins,  terpeneoids  and phenolic 

compounds. The phytochemicals  like flavonoids and phenolic compounds found in plants as 

secondary metabolites may be responsible of antimicrobial activity (Bonjar et al., 2004; 

Thirumurugan, 2010; Hosamani et al., 2011) which support our present findings. The 

   Extracts Solvents A .niger 

*Mean ± S.D 

              A. flavus 

*Mean ± S.D 

  Standard 20.25 ± 0.5 20.50 ± 0.5 

Leaves 

  

Methanol 10.00 ± 0.8 12.25 ± 0.2 

Ethanol 14.75 ± 0.5 15.00 ± 0.1 

Bark 

  

Methanol 17.50 ± 0.3 18.25 ± 0.2 

 Ethanol 12.25 ± 0.7 15.00 ± 0.8 

Stem 

  

Methanol 9.50 ± 0.5 10.00 ± 0.8 

Ethanol 12.75 ± 0.5 13.00 ± 1.8 

Unripe fruit 

  

Methanol 13.50 ± 0.5 15.25 ±  1.7 

Ethanol 10.00 ± 0.8 13.75 ± 0.7 

Ripe fruit 

  

 Methanol 11.75 ± 0.7 12.75 ± 0.2 

Ethanol 14.25 ± 0.2 16.25 ± 0.1 

Root Methanol 11.75 ± 0.2 9.75 ± 0.2 

Ethanol 10.50 ± 0.1 9.25 ± 0.5 
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polyphenolic compounds like flavonoids reflect many biological activities due to their capability 

to form complex with microbial extracellular wall (Wuyep et al., 2017). So, previous work could 

encourage our resulted antifungal activity in unripe fruit extract of  D.kaki and D. malabarica 

bark extract. 

4.3.3. Anti-diabetic activity 

α- amylase inhibition 

Methanol and ethanol extracts of all organs of D. kaki and D. malabarica  demonstrated 

anti-diabetic activity at  both 100 µg/ mL and 400 µg/ mL concentrations but ethanol extract of  

D. kaki unripe fruit showed significant α- amylase inhibition of 67% at 400 µg/ mL (Fig 4.1a)  

which was found less than 82% inhibition of standard drug (acarbose). Although resulted 

inhibition was less than standard drug but unripe fruit reflected appreciable anti-diabetic activity 

which could be due to large presence of polyphenols.  

 

                    Fig.4.5a. α- Amylase inhibitory activity of different extracts of D. kaki 

Antioxidant potential of the greater number of biologically active polyphenols such as 

tannins and flavonoids of D. kaki has been reported to control the diabetes resulted from 

oxidative damage (Hosny and Rosazza, 2002). It has likewise been accounted for  that unripe 

fruit extract of D. kaki prevent hypercholesterolemia and its role including anti-oxidant, anti-
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diabeties, hypotension, anti-cancer, anti-febril & anti-inflammatory along with liquor of unripe 

fruit for cure of hyper tension (Singh and Joshi, 2011a; Yaqub et al., 2016a). Another report 

investigated the major water-soluble polyphenols like proanthocyanidin in D. kaki leaves with α-

amylase inhibition (Kawakami et al., 2010) which could assist resulted anti-diabetic action of 

methanolic extract of unripe fruit in this study. So D. kaki raw fruit being rich in phytochemicals 

as reported above can play crucial role in treatment and prevention of diabetes mellitus further 

reinforced our research work on D. kaki plant. 

Likewise, both methanolic as well as ethanolic extracts of D. malabarica organs also 

displayed anti-diabetic activity at 100 µg/ mL and 400 µg/ mL concentration (Fig. 4.1b). The 

methanolic extract of bark exhibited 68% α-amylase inhibition at concentration 400 µg/ mL. The 

bark extract even at very low concentration showed better antidiabetic activity nearly equal to 

standard dug (Acarbose) (82%).  

 

                  Fig.4.5b. α- Amylase inhibitory activity of different extracts of D. malabarica 

This anti-diabetic potential of bark concentrate might be attributed due to the presence of 

flavonoids and terpenoids as ascribed by Kavatagimath and Jalalpure (Kavatagimath and 

Jalalpure, 2015) reinforcing our findings. Previously, methanolic extract of leaves has been 

reported to exhibit good antihyperglycemic exercises in glucose resilience test and alloxan 

actuated diabetic rats (Kavatagimath and Jalalpure, 2015). 
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4.3.4. Anti-inflammatory activity  

Inhibition of albumin denaturation  

Mostly biological proteins do not function properly when denatured and protein 

denaturation is one of distinct reason of inflammation (Leelaprakash and Dass, 2011).  In this 

research work, ethanol and methanol extracts of all organs of D. kaki and D. malabarica 

demonstrated inhibition of albumin denaturation at 100 µg/mL and 400 µg/mL concentrations 

but the methanol extract of D. kaki leaves showed highest inhibition of 65% at 400 µg/mL (Fig 

4.2a) which was less than 78% inhibition of Diclofenac Sodium (standard drug). This is 

accountable for anti-inflammation of methanol leave extract of D. kaki which might be owing to 

presence of natural products containing flavonoids, phenolics, tannins, terpenoids and saponins. 

A wide range of phytochemicals in D. kaki have been known to comprise a countless 

physiological advantages such as anti-carcinogenic, anti-inflammatory and antioxidant exercises 

(Wang et al., 1996a; Hollman and Katan, 1999). 

 

Fig.4.6a. Albumin denaturate inhibitory activity of different extracts of D. kaki 

Similarly, methanolic extract of D. malabarica bark at 400 µg/ mL displayed 62% 

inhibition than diclofenac sodium (78%) used as standard drug (Fig 4.2b). The methanolic bark 

extract showed good inhibition near about to standard dug which could be because of abundance 

of bioactive compounds like terpenoids, saponins, flavonoids and tannins exhibiting the 
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antioxidant characteristics. The three triterpenoids compounds for example  betulin, betulic acid 

and ursolic acid confined from D. malabarica have been reported to have articulated anti-

inflammatory action (Ravikumar et al., 2014a). Similarly, another reported significant anti-

inflammatory activity in methanol bark extract of D. malabrica (Kaushik et al., 2011) 

encouraged our present findings. 

 

Fig.4.6b. Albumin denature inhibitory activity of different extracts of D. malabarica 

4.3.5. Anti-cancer activity 

This research study indicated the anticancer action in almost all parts of D. kaki and D. 

malabarica but methanol extract of D. kaki leaves reflected anticancer activity 40% against Hela 

cell lines but found less than 70% inhibition of standard drug (Doxorubicin) (Fig.4.3a). Even 

though observed anticancer activity in leaves extract of D. kaki was quite less than standard but 

found not to be inactive even at very low concentration which could be the result of remarkable 

polyphenols including total flavonoids. Flavonoids in association vitamin C has also been 

ascribed  to show a defensive effect on cancer of  esophagus using data from retrospective study 

organized in northern Italy (Rossi et al., 2010). In another report on D. kaki, flavonoids showed a 

positive impact on human health as anti carcinogenic agent (Suzuki et al., 2005a) motivated our 
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resulted carcinogenic effects of D. kaki leaves. Previously, D. kaki leaves have also been 

reported to consist of biologically active constituents comprising  to large number of biological 

activities like anti-cancer , anti-inflammatory, lowering of blood pressure and  anti-bacterial 

effect (Zhang et al., 1983a). It has been provided by extensive evidence in many preclinical 

effective studies that synthetic as well as naturally occurring derivatives of terpenoids possess 

both therapeutic and chemo protective effects against breast, skin, colon and prostate cancer 

(Liby et al., 2007; Chaturvedi et al., 2008; Rabi and Gupta, 2008; Mullauer et al., 2010; 

Bishayee et al., 2011; MR Patlolla and V Rao, 2012). Keeping in mind above reported 

carcinogenic effects, methanol leave extract of D. kaki could show remarkable carcinogenic 

effects by increasing extract concentrations. 

 

Fig. 4.7a. Anticancer activity of different extracts of D. kaki (30ug/mL) 

Although, methanol extracts of D. malabarica bark showed non-significant (48%) 

anticancer activity (Fig 4.3b) while standard reflected 70%. But the presence of polyphenolic 

compounds in bark extract  like flavonoids and tannins having antioxidant properties may act as 

anticancer agents as these phytochemicals were reported earlier as anticancer compounds (Azmi 

et al., 2006). It is thought that person‘s diet involving polyphenols being natural antioxidants can 

improve health and reduce risk of cancers (Apostolou et al., 2013). Even though there have been 
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a variety of studies suggesting the anti-cancer effects by many other plant species.According to 

our information, this is even first approach which reflected the anti-cancer effect of the 

methanolic extract of D. malabarica bark in cancer cells and this is the novelty of our study.The 

extraction analysis showed that the largest number of compounds having biological activities 

may be extracted by ethanol and methanol (Zreen et al., 2019; Nounagon et al., 2017). 

 

Fig.4.7b. Anticancer activity of different extracts of D. malabarica (30ug/mL) 

The results in the current study indicated that all plant parts of D.kaki and D.malabrica  

are good source of bioactive compounds but leaves and unripe fruit extracts of D.kaki and  bark 

extract of D.malabarica due to greatest presence of phytochemicals with significant TPC and 

TFC could be responsible for the evaluation of significant biological activities and act as free 

radical scavengers. So, these plant extracts may provide new anti-microbial, antifungal and 

anticancer substances and present investigation clearly revealed and suggests that these plant 

parts could be capatilized in the management of disease caused by different microbes and  free 

radicals. 
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Fig.4.8a. Conclusive picturization of phytochemical screening and biological activities of 

D.kaki 
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Fig.4.8b. Conclusive picturization of phytochemical screening and biological activities of  

D. malabarica 
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4.4. Biochemical analysis 

4.4.1. Enzymatic antioxidants 

4.4.1.1. Ascorbate peroxidase (APX) activity 

Ascorbate peroxide activity was investigated in different extracts of D. kaki (Fig. 

4.9a).Graph shows the comparison among different organs. APX activity was significantly 

highest (706.7 units/ g FW) in the leaves (Fig.4.9a). Overall, there was found statistically 

significant difference in APX activity of D. kaki organs. Similarly, ascorbate peroxidase activity 

was studied in different organs of D. malabarica (Fig 4.9b) and ascorbate peroxidase activity 

was seen significantly highest (600 units/ g FW) in the bark as compare to other organs. 

However, ripe and unripe fruit were found statistically non significant while other organs of D. 

malabarica were found almost statistically significant.  

Ascorbate peroxidase being an important component of the glutathione ascorbate cycle 

involves in detoxification of hydrogen peroxide (Noctor and Foyer, 1998; Hameed et al., 2014; 

Sofo et al., 2015). Ascorbate peroxidase (APX) belongs to the class I heme peroxidases that is 

found in higher plants, chlorophytes and members of the protist kingdom (Shigeoka et al., 2002; 

Wilkinson et al., 2002). APX and other peroxidase sequences from all kingdoms of life are 

stored in the database peroxibase (Oliva et al., 2008) which also provides a series of 

bioinformatics tools useful for analyzing the peroxidases stored sequences. Different parts of D. 

kaki and D. malabarica especially leaves and bark respectively showed significantly highest 

activity of ascorbate peroxidise (Fig. 4.9a and b) in current  study which  may be utilized for 

management of above stated diverse diseases comprising oxidative harm. 
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Fig.4.9a. Comparison of APX in various D. kaki organs. Qualities are mean ± SD of three distinct 

trials. Various letters on bars reflect substantial distinction among D. kaki organs. 

 

Fig.4.9b. Comparison of APX in various D. malabarica organs. Qualities are mean ± SD of three 

distinct trials. Various letters on bars reflect substantial distinction among D. malabarica organs. 

a 

c 

b 

e 

d 

0

100

200

300

400

500

600

700

800

leaves bark stem ripe fruit unripe fruit

A
sc

o
rb

a
te

 P
er

o
x
id

a
e 

(U
n

it
s/

g
 F

W
) 

        

c 

a 

b 

d 
d 

0

100

200

300

400

500

600

700

leaves bark stem ripe fruit unripe fruit

A
sc

o
rb

a
te

 p
er

o
x
id

a
e 

 (
u

n
it

s/
g

 F
W

) 



128 
 

4.4.1.2. Catalase (CAT) activity 

Catalase is a typical enzyme found in living organism.To check catalase activity, 

different organs of D. kaki were studied (Fig. 4.10a). This activity was found significantly 

highest (4506.7 units/ g FW) in leaves amongst other organs (Fig. 4.10a) whereas bark and stem 

were found statistically same. However, there was indicated almost statistically substantial 

distinction among D. kaki plant organs as shown graphically. Likewise, catalase activity was also 

analyzed in different parts of D. malabarica (Fig. 4.10b). The catalase activity was significantly 

highest (186.7 units/ g FW) in the unripe fruit whereas non-significant difference among bark, 

stem and ripe fruit was observed. Catalase effect of leaves was found significantly lowest. 

Hydrogen peroxide (H2O2) atoms are generally created during ordinary metabolic cycles 

of the body as a side-effect. These H2O2 atoms ought to be taken out at the earliest opportunity to 

stay away from oxidative harm of the tissues. Catalase may assume a significant job to combat 

against malignant growth, since it has the ability to anticipate those radicals which cause DNA 

changes in it. Catalase has the capacity to change over intense just as perilous atoms of H2O2 

into inoffensive items like H2O & sub-atomic O2 (Regelsberger et al., 2002). Different poisons, 

for example, phenols, formic acid, formaldehyde & alcohols existing in the body can likewise be 

oxidized by the utilization of this catalyst (Karra‐Chaabouni et al., 2003). It has likewise seen 

that in people with lower level of catalase may prompt whiten their hair with maturity. It was 

found to show obstruction with melanin organic pigment on which hair and skin shading depends 

during H2O2 metabolism. At the point when adequate amount of hydrogen peroxide isn't gotten 

out of the tissues as water appropriately, these are then slowly began to amass inside tissues, 

subsequently hair become white or dim. It is fascinating to note here that this catalase action in 

D. malabarica & D. kaki plants is another finding revealed by us. 
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Fig.4.10a. Comparison of catalase in various D. kaki organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. kaki 

organs. 

 

Fig.4.10b. Comparison of catalase in various D. malabarica organs. Qualities are mean ± 

SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 
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4.4.1.3. Super oxide dismutase (SOD) activity 

Biochemical analysis was determined for superoxide dismutase activity in different 

extracts of D. kaki (Fig 4.11a). Antioxidant plays a vital role for therapy of various diseases. 

Presence of superoxide dismutase enzyme in plant parts increases the importance of that plant 

parts. Superoxide dismutase activity was observed significantly highest (271.45 units/ g FW) in 

the ripe fruit in comparison to rest of other organs. There was found statistically significant 

difference in superoxide dismutase contents of D. kaki organs. Similarly, superoxide dimutase 

activity was also studied in different organs of D. malabarica (Fig. 4.11b). This activity was 

found statistically highest (292 units / g FW) in the unripe fruit. Stem and ripe fruit were reported 

statistically equal as well as bark and leaves of D. malabarica were also found statistically same 

on the other hand. 

Superoxide dismutases are viewed as the first and principle antioxidant protector of body. 

They can altogether diminish oxidative harm engaged with different dangerous illnesses, for 

example, atherosclerosis, cardiac failure, stroke, different age-related issues and intense just as 

constant inflammatory disorders (Maier and Chan, 2002). These can basically decrease pain 

involved in joint pain like illnesses just as inward infection. SODs protect oxidation of cellular 

components that accounted the main and primary inner anti-oxidant to protect the body (Alscher 

et al., 2002).  

As we have deep look  towards plants it is accepted that superoxide dismutase level falls 

with growing age (Andriollo-Sanchez et al., 2005; Levin, 2005). Therefore, it is suggested from 

indications that life expectancy may broaden and safe the body from different sicknesses by 

enhancing the diminishing SOD level (Sampayo et al., 2003). In the bygone era, functional 

enzymes level couldn't support effectively however now feeble anti-oxidant protections can be 

upraised efficiently by taking nourishing supplements of valuable enzymes from plant extracts 

(Maier and Chan, 2002). It is imperative to note here that observed superoxide dismutase activity 

in D. kaki and D. malabarica is the new finding reported by us. Resulted highest SOD activity in 

ripe fruit of D. kaki and unripe fruit of D. malabarica might be capitalized in similar ways for 

management of various infections comprising oxidative harm.  
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Fig.4.11a. Comparison of SOD in various D. kaki organs. Qualities are mean ± SD of three 

distinct trials. Various letters on bars reflect substantial distinction among D. kaki organs. 

 

Fig.4.11b. Comparison of SOD in various D. malabarica organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs.  
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4.4.1.4. Peroxidase (POD) activity 

Peroxidase activity (POD) was figured out in different extracts of D. kaki (Fig 4.12a) 

represents the comparison of POD activity of stem, bark, leaves, ripe and ripe fruit of D. kaki. 

POD activity was found significantly highest (2353.2 units/ g FW) in the bark. The POD activity 

was statistically significant among different organs of D. kaki. Moreover, peroxidase activity was 

also assayed in different organs of D. malabarica (Fig. 4.12b). Peroxidase activity was 

significantly highest (510.6 units/ g FW) in the ripe fruit. There was found almost statistically 

significant difference among organs of D. malabarica.   

Additionally, plant POD is likewise significant for human body. POD is utilized in 

beautifying items as a customarily skin protecting component to eliminate H2O2 from body 

tissues that can create risky OH-  radical indicating harmful impacts and can hinder glycolysis. 

Correspondingly, peroxidase action has competency to rummage oxygen derived free radicals 

responsible for cell oxidation (Vicuna, 2005). Similarly,  observed highest activity of  peroxidase 

in ripe fruit  and bark in D. malabarica and D. kaki, respectively compared to other organs 

further strengthen the reported ability of peroxidase (POD to rummage ROS which are engaged 

with oxidative damage (Vicuna, 2005). Subsequently, it is desirable to utilize characteristic 

biomolecules regardless of manufactured ones as a result of their different reactions (Ashawat et 

al., 2007). POD is likewise utilized in paper businesses as a bio-dye and in material colors as a 

decolorizing operator (Shaffiqu et al., 2002; Knutson et al., 2005; Hew et al., 2010). It is vital to 

note here that peroxidase in D. kaki and D. malabarica is first time reported by our group. 

A major source of natural antioxidants is herbal foods that have the ability to neutralize 

the toxic ROS (Lekha et al., 2010). Aerobic organisms govern both the non enzymatic and 

enzymatic antioxidant defenses to reduce damaging effects of ROS (Apel and Hirt, 2004). The 

enzymes present in the multiple sub cellular locations possess the antioxidant system.  Enzymatic 

defenses include a variety of scavengers. Here, we were focused only on superoxide Dismutase 

(SOD) catalase (CAT), ascorbate peroxidase (APX) and peroxidase (POD). Enzymatic 

antioxidants involves in the protection of various diseases  against reactive oxygen species 

(Krishnamurthy and Wadhwani, 2012). Highest SOD and CAT action in D. kaki &D. 

malabarica plant during our research findings could assist hypoglycaemic effect in diabetes that 

has been reported earlier due to improved antioxidant defence mechanism of higher amounts of 

SOD and CAT in mature fruits of D. malabarica (Dewanjee et al., 2011). 
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Fig.4.12a. Comparison of POD in various D. kaki organs. Qualities are mean ± SD of three 

distinct trials. Various letters on bars reflect substantial distinction among D. kaki organs.

 

Fig.4.12b. Comparison of POD in various D. malabarica organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 

Superoxide dismutase can also critically decrease arthritis pain and internal inflammation. 

Various lethal ailments caused by oxidative stress like stroke and heart outbreak, arterial 

sclerosis prolonged and severe infectious conditions and many age associated disorders can be 

reduced significantly by SOD (Maier and Chan, 2002). 
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4.4.2. Non-enzymatic antioxidants 

4.4.2.1. Total Phenolic contents (TPC) 

Total phenolic contents were tested in different D. kaki organs (Fig. 4.13a). Leaves 

reflected notworthy highest (72183.33 µM/ g FW) phenolic contents. Total phenolic contents 

were shown statistically significant among different organs. Likewise, total phenolic contents 

were also investigated in different organs of D. malabarica (Fig 4.13b). TPC contents were 

significantly highest (81766.7µM/g FW) in bark. This data reflected statistically significant 

contents of phenols among different extracts of D. malabarica.  

The phenolic constituents are amongst the significant groups of plant metabolites. They 

have capacity of biological possessions including enhancement of endothelial capacity, anti-

inflammation, ant-iatherosclerosis,, anti-aging, anti-apoptosis, cardiac defense & anti-carcinogen 

alongwith cell expansion and restraint of ontogenesis possessions (Han et al., 2007). For instance 

plants have capability to produce flavonoids in microbial contagions. So, flavonoids are reflected 

as hydroxylated phenolic mixes. Flavonoids have the ability of different biological actions, for 

example, anti-oxidants remarkably anti-cancer & anti-bacterial (Okigbo et al., 2009).  

One previous report also unveiled the role of phenolic components in D. malabarica as 

major source of antioxidant activity (Sarmah and Baishya, 2013a) which could encourage our 

obtained highest total phenolic contents (TPC) in D. kaki and D. malabarica. Although most 

common antioxidants in fruits are carotenoids, thiol (SH) compounds, vitamins C, E and 

flavonoids but contribution of phenolic compounds to antioxidant activity was reported much 

greater among other antioxidants (Wang et al., 1996a; Prior et al., 1998; Cakir et al., 2003; 

Javanmardi et al., 2003; Luximon‐Ramma et al., 2003). Data clearly showed a considerable 

amount of total phenolic content in different extracts of D. kaki and D. malabarica especially 

leaves and unripe fruit respectively. So, phenolic compounds found in this study could be helpful 

in an anti oxidative action. Detected high phenolics level in diverse organs of D. malabarica and 

D. kaki especially in unripe fruit and leaves respectively could be more sanitized and portrayed 

for above said claims. Indeed, even the crude extarcs of various organs of these plants might be 

investigated for cure of various illnesses. 
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Fig.4.13a. Comparison of TPC in various D. kaki organs. Qualities are mean ± SD of three 

distinct trials. Various letters on bars reflect substantial distinction among D. kaki organs.  

 

Fig.4.13b. Comparison of TPC in various D. malabarica organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect distinction among D. malabarica organs. 
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were significantly highest (680.7µg/g FW) in the unripe fruit amongst other D. kaki organs. Bark 
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& ripe fruit were equivalent statistically than leaves and stem which were found statistically 

significant after unripe fruit. Similarly, ascorbic acid contents were investigated in different 

organs of D. malabarica (Fig. 4.14 b) and found significantly highest (717.5µg/g FW) in the ripe 

fruit. Leaves, unripe fruit and stem were statistically same while significantly lowest ascorbic 

acid contents were shown in bark. In present investigations of D. malabarica extracts, ascorbic 

acid contents were almost same with non-significant difference.  

Ripened fruit of D. kaki  was stated to contain 7.5 miligram per 100 gram of AsA (Özen 

et al., 2004a; Ercisli et al., 2008).In the same way, significant amount as 68 miligram per 100 

gram of AsA in D. kaki  unripe fruit extract as well as (71.7mg/100g FW) in ripe fruit of D. 

malabarica was found in present study (Fig.4.14 a & b). So, ripe and unripe fruit of D. 

malabarica and D. kaki respectively may be strong anti-oxidants because of greater contents of 

AsA. As human body cannot synthesized the ascorbic acid so it‘s obtained from diet. Ascorbic 

acid reduced the reactive oxygen species (ROS) such as H2O2 by acting as reducing agent 

(Lucas‐González et al., 2018).  

Ascorbic acid is considered to be an important water soluble antioxidant to neutralize 

reactive oxygen species and reduce the oxidative damage (Verma et al., 2007; Rouhier et al., 

2008). Ascorbic acid helps in plant growth modulator by hormone signaling. Ascorbic acid 

prevents scurvy disease, supports the development of cartilage and synthesis of collagen (Findik 

et al., 2016) give strength to tooth as well as tightens skin and helps in wound healing (Iqbal et 

al., 2011) ,antiaging (Tian-Hua Xu et al., 2012), to whiten skin (Smith, 1999; Traikovich, 1999), 

skin regenerating mediator (Zahouani et al., 2002; Crisan et al., 2015), antioxidant & free radical 

rummager (Cathcart, 1985; Erb et al., 2004). Ascorbic acid prevents skin from reactive oxidants 

produced by exposure to ultra violet radiations and ROS. Topical application of ascorbic acid 

helps in objective and subjective improvements of photo-damaged facial skin (Traikovich, 

1999). Ascorbic acid involves in minimizing the effects of lipid per oxidation and  prevention of 

skin from reactive oxidants produced by exposure to ultra violet radiations and ROS as reported 

earlier (Gupta and Sharma, 2006).  Observed high level of ascorbic acid (Vitamin C) in different 

plant parts of D. malabarica and D. kaki especially in ripe and unripe fruit respectively might be 

further separated and categorized for above mentioned uses. The crude extracts of diverse organs 

of these plants could be capitalized for prevention from diverse ailments. 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ultraviolet-index
https://www.sciencedirect.com/topics/medicine-and-dentistry/facial-skin
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Fig.4.14a. Comparison of AsA in various D. kaki organs. Qualities are mean ± SD of three 

distinct trials. Various letters on bars reflect substantial distinction among D. kaki organs. 

 

 

 

 

 

 

 

 

 

 

Fig.4.14b. Comparison of AsA in various D. malabarica organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 
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4.4.2.3. Tannins 

Tannins were indicated in different D. kaki organs (Fig. 4.15a). Tannins were observed 

significantly highest (14150 mg/g FW) in the leaves in comparison to other organs. There was 

found significant difference in tannin contents of D. kaki organs. Tannins were also determined 

in different organs of D. malabarica (Fig. 4.15b). Bark extract of D. malabarica showed 

significantly highest (4600 µg/g FW) tannins and statistically equal to leaves (4333.33 µg/g 

FW). Similarly, ripe fruit and stem were found statistically same as comapre to unripe fruit. 

Overall, there was found non-significant difference in tannin contents of D. malabarica. 

Tannin has also  been reported previously for  use in haemostatic, antihemorrhoidal and 

antidiarrheal, antibacterial compounds (Akiyama et al., 2001; Funatogawa et al., 2004), 

antiparasitic (Kolodziej and Kiderlen, 2005) and anti-viral effects (Lu et al., 2004). Tannins as 

well as lycopene was reported to have constant defense by decreasing creation of UV-prompted 

sunburn against unsafe impacts that are delivered by daylight (Stahl and Sies, 2007). The highest 

tannins shown in our research work could assist the earlier report on potent antioxidant and anti-

diabetic activities in alloxan induced rats due to tannins present in bark extract of D. malabarica 

(Kavatagimath and Jalalpure, 2015) and needs to be tested by similar trials. Tannins testified in 

D. kaki leaves extract found supportive in reduction of diabetes alongwith great power to fight 

against cancer (Park et al., 2002a; Lee et al., 2007). They also demonstrate antiallergy (Kotani et 

al., 2000a), anti-microbial (Kawase et al., 2003a), dropping blood pressure (Jo et al., 2003) 

rummaging free radicals (Sakanaka et al., 2005a), anti-oxidant, antimutagenic (Achiwa et al., 

1997a) & anti-cancer actions (Gali et al., 1992). Similarly, tannins described in D. kaki have 

been contributed to prevent high cholesterol in humans & various animals (Gato et al., 2013). 

Accordingly, tannins obtained in present findings especially D. kaki leaves and bark extract of D. 

malabarica might be attributed for above revealed similar trials. 
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Fig.4.15a. Comparison of tannins in various D. kaki organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. kaki 

organs.

 

Fig.4.15b. Comparison of tannins in various D. malabarica organs. Qualities are mean ± SD 

of three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 
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4.4.3. Hydrolytic enzymes 

4.4.3.1. Esterase activity 

Esterase activity was detected in different organs of D. kaki (Fig.4.16a). Esterase activity 

was non-significantly highest (48.50 μM/min/g FW) in the stem. The esterase activity was 

almost significant among organs of D. kaki with the exception of leaves & bark that were 

obtained statistically equivalent. Similarly, esterase activity was indicated in different organs of 

D. malabarica (Fig.4.16b). The esterase activity was significantly highest (837.29 μM/ min/g 

FW) in the bark. There was found significant difference in esterase activity of all organs of D. 

malabarica. 

Esterase is a protein, which can possibly change over esters into alcohol  just as an acid 

(Hou et al., 2012). Cholesterol esterase is utilized in facilities for finding of cholesterol in larger 

part of patients. The inconsistencies and white platelets level found in the body can be 

distinguished by leukocyte esterase through urine test. Αlpha-esterase reflect sub-atomic capacity 

of carboxylesterase action (Robin et al., 1996). Carboxylesterase 1 has a place with 

carboxylesterase family & α/ β hydrolase family. It is otherwise called serine esterase. Its 

inadequacy might be answerable for the B-cell lymphocytic leukemia & non-Hodgkin 

lymphoma. As it is repressed by organophosphates, accordingly monocytes tumor-fighting action 

can be decreased by it (Oertel et al., 1985; Markey, 2011). Different medications can be 

enacted/deactivated via carboxylesterase 1 protein (Zhu et al., 2008). Leukocyte esterase to 

recognize inconsistencies & white platelets level in the body through urine test (Zhu et al., 2008) 

as well as cholesterol esterase to diagnose cholesterol level in most of the patient. 

It additionally assumes noteworthy jobs in various biotechnological measures just as in 

numerous different initiatives, for example, feed of animals, scent, fuel, metal- plating, synthetic 

compounds, farming & food, paper and mash, clothing and material (Fazary et al., 2013). The 

plant based esterases might be applied in agribusiness to examine the harmfulness and nearness 

of microbe sprays deposits as bio-indicators. These esterases can likewise be utilized to screen 

toxins present in nature (Carvalho et al., 2003).  

 Detected greater level of esterases in various plant portions of D. malabarica and D.kaki 

particularly bark and stem separately can be additionally sanitized and described for above said 

comparative preliminaries. Indeed, even the crude extracts of various organs of these plants can 
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be investigated for management of various sicknesses. It is intriguing to realize that 1st time this 

esterase is accounted for by us in these plants. 

 

Fig.4.16a.Comparison of esterase in various D. kaki organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. kaki 

organs. 

 

Fig.4.16b.Comparison of esterase contents in various D. malabarica organs. Qualities are 

mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 
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4.4.3.2. Protease activity 

Protease is a hydrolytic enzyme which break downs the peptides and proteins. Protease 

activity was calculated in different extracts of D. kaki (Fig.4.17a). This activity was statistically 

significant (11166.7 μM/min/g FW) the stem. In D. kaki, protease contents were found almost 

significant but bark and unripe fruit were statistically same as compare to other organs organs. 

The protease activity was also evaluated in different organs of D. malabarica (Fig.4.17b). The 

observed value of protease was significantly highest (10666.7 units/g FW) in leaves. In this data, 

there was found statistically significant difference among all organs of D. malabarica. 

Protease is really the catalyst, which has the ability to process different sorts of proteins 

through hydrolysis measure by breaking their bonds. The peptidase, proteinase, or proteolytic 

chemicals are different names of protease. The majority of the physiological cycles of the body 

rely upon protease. Indeed, even in the digestive system of the body, a large number of the 

processes are done in protease presence (Nazario, 2011; Edward, 2011). 

These are basically mandatory so as to process nutritional diet. Without it, protein found 

in the intestinal organ won't digest, thus body would need to confront different medical issues. It 

has additionally the possibility to process undesirable waste material as undigested proteins, cell 

trash, poisons just as cell dividers of different microbes and to evade our immune system from 

over-burden of poisons. It is found to help the body from different agonizing conditions, for 

example, by lessening the odds of infections, lump, malignancy, Alzheimer's illness, heart linked 

ailment just as blood thickening dangers and by increasing the platelets quality. Nattokinase 

protease can viably diminish the blood coagulating dangers. The disruptions, tissue injury, 

wounds and injuries can recuperate soon within the sight of this protein (de Souza Cândido et al., 

2011). 

It is seen that serine protease which is otherwise called tissue plasminogen activator can 

be utilized to fix ischemic stroke while the numerous proteases, for example thermolysin,, 

papain, collagenase, trypsin & bromelain can help in debride mentation measure which includes 

the mending of wounds by dispensing with the harmed cells from them (Klasen, 2000; Yaakobi 

et al., 2004).  Papain protease has anti-toxin characteristics (Okumura et al., 1977). Bromelain & 

Serratia E-15 protease can diminish irritation (Miyata et al., 1970; Okumura et al., 1977). 

Moreover, numerous proteases, for example, trypsin, bromelain, papain, thermolysin & 

collagenase may helpful in surgical operations including the mending of wounds by dispensing 
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with the harmed cells (Klasen, 2000; Yaakobi et al., 2004). ). Protease associated with the 

greater part of the physiological cycles (Jadhav et al., 2017) could empower present discoveries.  

. 

 

Fig.4.17a.Comparison of protease contents in various D. kaki organs. Qualities are mean ± 

SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 

 

Fig.4.17b.Comparison of protease contents in various D. malabarica organs. Qualities are 

mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 
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  Highest protease level in present findings could also involve in degradation of 

fungal pathogens by hydrolytic enzymes as reported earlier (Jadhav et al., 2017).  Significant 

protease activity represented by all organs of D. malabarica and D. kaki especially leaves and 

stem respectively could be used for above mentioned similar trials. It is vital to note protease 

activity in these plants is 1
st
 time stated by us. 

4.4.3.3. Alpha amylase activity 

Biochemical analysis was done for amylase activity in different extracts of D. kaki 

(Fig.4.18a).The amylase activity was significantly highest (49.434 mg/g FW) in the unripe fruit 

than other plant organs. There were found significant difference in all organs of D. kaki. In the 

same way, alpha amylase activity was also observed in different organs of D. malabarica (Fig 

4.18b). The resulted value (190.9 mg/g FW) of alpha amylase in the bark was significantly 

highest. This work showed that alpha amylase activity among organs was almost statistically 

significant.  

α-amylase being  crucial enzyme in phenyl propanoid uptake shows a vital part in 

configuration of some defense-related subordinates as phenols & lignin  (Hemm et al., 2004; 

Tahsili et al., 2014). Amylase activity shows a vital part in physical developments (Giancarlo et 

al., 2006).  

This anti-diabetic potential of bark extract may be attributed due to the presence of 

flavonoids and terpenoids as reported by Kavatagimath and Jalalpure (Kavatagimath and 

Jalalpure, 2015) reinforcing our findings. Previously, leaves of D. malabarica  has been reported 

to exhibit good antihyperglycemic activities in glucose tolerance test and alloxan induced 

diabetic rats (Kavatagimath and Jalalpure, 2015). It has also been reported that unripe fruit 

extract of D. kaki prevent hypercholesterolemia and its role as anti-oxidant, anti-febril, 

antidiabetic, anti-cancer & anti-inflammatory in addition to unripe fruit extract for management 

of hypo tension (Singh and Joshi, 2011a; Yaqub et al., 2016a). So, D. malabarica and D. kaki 

especially bark and unripe fruit respectively with highest α-amylase activity as reported above 

can play crucial role in treatment and prevention of diabetes mellitus further reinforced our 

research work on these plants and may reflect enhanced tonic uses in diabetic mellitus. 
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.  

Fig. 4.18a. Comparison of α-amylase in various D. kaki organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. kaki 

organs. 

 

Fig. 4.18b. Comparison of α-amylase in various D. malabarica organs. Qualities are mean ± 

SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 
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4.4.4. Other biochemical parameters 

4.4.4.1. Total oxidant status (TOS) 

This was calculated in diverse D. kaki organs (Fig.4.19a). The total oxidant status 

(1383.33 μM/g FW) was significantly lowest in unripe fruit. Bark, unripe fruit and leaves were 

statistically same whereas stem and ripe fruit were found statistically significant. Similarly, total 

oxidant status was recorded in different organs of D. malabarica (Fig.4.19b). The total oxidant 

status (30733.33 μM/g FW) in the bark was significantly lowest. In this data, total oxidant status 

was statistically significant among all organs with highest significant value in ripe fruit extract.  

Oxygen related species are associated with the tissues harms that are created by  cancer 

disease, viral contaminations, neurodegenerative cycles, both cerebrum edema and localized 

necrosis. Therefore, total oxidant status is exceptionally indispensable for the better development 

of the tissues and typical body working. For instance TOS lower level can be useful in various 

bio-chemical cycles along with protector against microbes, intracellular informing inside cell 

separation, invulnerability, apoptosis and the capture of development or cell movement of the 

body. While it's elevated level (portions) or potentially it's too little expulsion generally cause 

oxidative harm that may answerable for the injury of  bioactive that lead thorough metabolic 

failing inside body(Wojtaszek, 1997; Mizrak et al., 2011).. 

The reported antioxidant activity of bark extract of D. malabarica due to its free radical 

quenching ability invitro models (Mondal et al., 2006)  could support our  D. malabarica bark 

and D. kaki unripe fruit  extract as better antioxidants in comparison to other organs due to 

resulted lower value of total oxidant status (Fig. 4.19 a & b). So, the  bark and unripe fruit 

extracts of D. kaki and D. malabarica respectively could be  helpful for growth of the tissues and 

the normal body working as per lesser level of TOS was described further effective in various 

bio-chemical practices (Mizrak et al., 2011). Correspondingly, lower TOS level obtained here in 

study emphasize anti-oxidant ability in bark and immature fruit towards other found antioxidants 

& bio-chemical manners. It is imperative to note that TOS is described in D.kaki & 

D.maalabrica for the first time by us.  
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Fig.4.19a. Comparison of total oxidant status in various D. kaki organs. Qualities are mean 

± SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 

 

Fig.4.19b. Comparison of total oxidant status in various D. malabarica organs. Qualities are 

mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 

b b 

c 

a 

d 

0

500

1000

1500

2000

2500

3000

3500

4000

leaves bark stem ripe fruit unripefruit

T
o

ta
l 

O
x
id

a
n

t 
S

ta
tu

s 
(µ

M
/g

 F
W

) 
 

       

d 
e 

b 

a 

c 

0

10000

20000

30000

40000

50000

60000

leaves bark stem ripe fruit unripe fruit

T
o

ta
l 

o
x
id

a
n

t 
st

a
tu

s 
(µ

M
/g

 F
W

) 
 



148 
 

4.4.4.2. Total antioxidant capacity (TAC) 

This was calculated in different parts of D. kaki (Fig.4.20a). TAC was significantly 

highest (15.72 μM/g FW) in leaves. Bark and ripe fruit  were statistically same whereas stem and 

unripe fruit were found statistically significant among D.kaki organs. Similarly, total antioxidant 

capacity was predicted  in different organs of D. malabarica (Fig. 4.20b). TAC was significantly 

highest (16.05 μM/g FW) in the bark. In this data, total antioxidant capacity was statistically 

significant among tested D.malabarica organs except ripe and unripe fruit which have 

statistically non-significant difference. 

In reality, the radical of ABTs (ABTS∙+) is displayed to show greater affectability when 

contrasted with dpph radical. The dpph radical during rummaging test implied the capability of 

the plants extracts to shift hydrogen iotas or electrons, while the ABTS radical during searching 

action indicated the chain-breaking ability & hydrogen giving capacity of the plants extracts to 

the free radical (Pérez-Jiménez et al., 2005). DPPH strategy could just explore the hydrophilic 

parts, however ABTS technique could look at both lipophilic alongwith hydrophilic components 

(Arnao et al., 2001; Pukumpuang et al., 2012). As indicated by (Re et al., 1999) the ABTs 

technique (improved strategy) can be done for huge scope in light of being reasonable, quick, 

basic and stable (Cai et al., 2004).  

In this  research work,  TAC detected by biochemical reagent as ABTS in AsA equivalent 

especially  in the leaves of D. kaki  followed by unripe fruit and  bark extract of D. malabarica,  

may be considered  as defense systems that play a significant role to fight many diseases, sustain 

physiology of cells and improve immunity (Rubial et al., 1992; Matés et al., 1999a). A number 

of reports  indicated profound use of D. malabarica bark to cure skin burning, healing of 

wounds, scabies, flatulence, prolepsis and renal stone (Kaushik et al., 2011), anti-inflammatory 

(Ravikumar et al., 2014a) antimicrobial (Ravikumar et al., 2014a), antiviral, antiprotozal (Dhar 

et al., 1968),  anti-diabetic (Mondal et al., 2006) & in curing many other disorders as 

spermatorrhea and  haemorrhages (Kaushik et al., 2011). The protection system concerning total 

anti-oxidant capacity was found functional to treat various disorders & develops immunity 

(Rubial et al., 1992; Matés et al., 1999a). Our research findings in D. kaki and D. malabarica 

extracts could be used directly due to potent antioxidant capability. 
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    Fig.4.20a. Comparison of TAC in various D. kaki organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. kaki 

organs. 

 

 

Fig.4.20b. Comparison of TAC in various D. malabarica organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 
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Protective system with respect to total oxidant status & total antioxidant capacity  is 

significant so as to confront different maladies, keep up cell physiology and advance 

immunological framework (Rubial et al., 1992; Matés et al., 1999a). The asymmetry in oxidative 

and anti-oxidative limit is generally answerable for the oxidative harm of the tissues. The a large 

portion of the risky ROS can be hydroxyl radical and its progressive radicals by which bio- 

particles can go under oxidative harm (Erel, 2004). 

4.4.4.3. Total soluble sugars 

Total soluble sugars were calculated in different organs of D. kaki (Fig.4.21a). The 

observed value of total sugar (50.88 mg/g FW) in the unripe fruit was significantly highest. In D. 

kaki, there was found statistically significant difference in soluble sugars of plant 

organs.Similarly, total soluble sugars were also determined in different organs of D. malabarica 

(Fig.4.21b). Total soluble sugars were significantly highest (65.9 mg/ g FW) in the ripe fruit. 

Bark, unripe fruit & leaves were statistically equal. However, total sugars in stem were 

significantly lowest. There was found almost non-significant difference.  

 

 

Fig.4.21a. Comparison of total soluble sugar in various D. kaki organs. Qualities are mean 

± SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 
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Fig.4.21b. Comparison of total soluble sugar in various D. malabarica organs. Qualities are 

mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 

D. kaki ripened fruit has been testified to encompass 12.5 g/100 g (Piretti, 1991) of sugars 

but comparatively lower soluble sugar found here in tested unripe fruit (5.9 g/100g) of D. kaki 

plant may contain improved healing approaches in diabetic disorders as well as can have better 

protection against oxidative action as reported earlier (Ganaie et al., 2016). So, reported 

significant level of total sugars in different plant parts of D. malabarica and D. kaki especially 

ripe fruit and unripe fruit extracts, respectively could be next refined & categorized for oxidative 

action. The crude extracts of these plants organs may be exposed for protection of diverse 

infections from oxidative damage. It is stimulating to note that soluble sugars are first time stated 

in D.kaki and D.malabarica by us. 

4.4.4.4. Reducing sugars 

Reducing sugars were observed in different organs of D. kaki (Fig.4.22a). Reducing sugar 

was significantly highest (1.999 mg/g FW) in the bark. In D. kaki, reducing sugar contents were 

almost same with non-significant difference.  In the same way, reducing sugars were calculated 

in different organs of D. malabarica (Fig. 4.22b). The observed value of reducing sugars was 

significantly highest (7.8 mg/g FW) in bark. There was found statistically non-significant 
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difference between stem and unripe fruit but comparatively lowest sugar level was shown by 

leaves with significant difference from other organs. 

 

 

Fig.4.22a. Comparison of reducing sugar in various D. kaki organs. Qualities are mean ± 

SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 

 

Fig.4.22b. Comparison of reducing sugar in various D. malabarica organs. Qualities are 

mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs.   
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Sugar substances have been announced to combat toxic effects of H2O2 to boost cell 

membrane protection in various body parts (Averillbates and Przybytkowski, 1994) can 

encourage our research findings especially bark extract of D. kaki and D. malabarica due to 

resulted more reducing sugars amongst rest of other extracts. 

4.4.4.5. Non-reducing sugars 

These sugars were analyzed in diverse D. kaki organs (Fig.4.23a). The resulted value 

(49.27 mg/g FW) of these sugar in unripe fruit was significantly highest. Stem and leaves were 

found statistically same whereas non reducing sugar contents were found statistically significant 

among other organs.  Likewise, reducing sugars were shown in different organs of D. 

malabarica (Fig. 4.23b). The observed value (37.9 mg/g FW) of non reducing sugars was 

significantly highest in the bark. Stem and unripe fruit were observed statistically same. Here, 

almost statistically significant difference in non reducing sugars was found. 

 

Fig.4.23a. Comparison of non reducing sugar in various D. kaki organs. Qualities are mean 

± SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 
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Fig.4.23b. Comparison of non reducing sugar in various D. malabarica organs. Qualities 

are mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 

4.4.4.6. Total soluble proteins (TSPs) 

Total soluble protein was deducted in different organs of D. kaki (Fig.4.24a). The value 

of total soluble protein (487.22 mg/g FW) in the ripe fruit was non-significantly highest and 

found statistically equal to unripe fruit. In D. kaki, total soluble protein contents were almost 

different statistically. Similarly, total soluble protein was investigated in different organs of D. 

malabarica (Fig.4.24b). The observed amount of total soluble protein was significantly highest 

(504.9 mg/g FW) in ripe fruit. Total soluble protein in the unripe fruit and leaves were 

statistically same. Likewise, resulted TSP in bark and stem were also found statistically same. 

However, over all there was found non-significant difference in soluble protein of organs.Total 

TSPs were identified as maximum (48.5 ± 6.57g/100g) in D. kaki ripe fruit heeded via unripe 

fruit (45.4 ± 5.47 g/100g) as shown in following graph. Formerly, unripe fruit was annuoned to 

have 0.58g/100g proteins (Özen et al., 2004a; Ercisli et al., 2008) whereas our research study 

exhibited greater TSP level as compared to previous investiagtion. Keeping in mind the above 

findings, D. kaki and D. malabarica plants especially, ripe fruit extract of these plants can be 

capitalized in pharmaceutical applications.  
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.  

Fig.4.24a. Comparison of total soluble protein in various D. kaki organs. Qualities are mean 

± SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 

 

Fig.4.24b. Comparison of total soluble protein in various D. malabarica organs. Qualities 

are mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 
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In pharmaceutical region the plant stockpiling proteins could be portrayed to deliver and 

grow new progressed medications to fix irresistible ailments (Guani-Guerra et al., 2009). New 

medicines are currently evolved by utilizing these bio-technological implements with 

exceptionally strong characteristic along with prepared elements to restrain the micro-organism's 

development and to diminish their obstruction quality (de Souza Cândido et al., 2011) 

4.4.5. Measurement of pigments 

4.4.5.1. Chlorophyll (total, a and b) 

The level of total chlorophyll was measured in different organs of D. kaki (Fig.4.25a). 

412.34µg/g FW of total chlorophyll while Chlorophyll a possess (187.58µg/g FW) & obtained 

(224.76µg/g FW) values of chlorophyll b in the D.kaki leaves were significantly highest. There 

was observed statistically significant difference in chlorophyll contents (total, a&b) of D. kaki. 
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(b) 

 

                                                                           (c) 

Fig.4.25a. Comparison of total  chlorophyll (a), chlorophyll a (b) and chlorophyll b (c) in 

various D. kaki organs. Qualities are mean ± SD of three distinct trials. Various letters on 

bars reflect substantial distinction among D. kaki organs. 
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Similarly, chlorophyll (total alongwith a&b) level was investigated in different parts of 

D. malabarica (Fig. 4.25 b). The value total chlorophyll (365.7µg/g FW), chlorophyll a (136. 

9µg/g FW) & chlorophyll b (228.8µg/g FW) was significantly highest in the D.malabarica 

leaves. In this report, there was found almost significant difference in chlorophyll (total, a and b) 

contents of organs but unripe fruit and bark were statistically same. However, stem and ripe fruit 

were statistically different among organs. 
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                                                                       (c) 

Fig.4.25 b. Comparison of total chlorophyll (a), chlorophyll a (b) and chlorophyll b (c) in 

various D. malabarica organs. Qualities are mean ± SD of three distinct trials. Various 

letters on bars reflect substantial distinction among D. malabarica organs.  

Fluid chlorophyll enhancements can assume valuable job to improve vitality, detoxify the 

liver, annihilate the personal stench just as awful breath, clean the stomach related plot, help in 

liver malignancy avoidance, and help in paleness and assistant in the expulsion of shape from the 

body of the people. It was discovered good for all malignant growth treatments. Chlorophylls 

atoms & related components were found to can possibly hinder certain synthetic compounds of 

microscopic organisms which were mindful to cause changes in DNA particles of the people to 

harm them. Chlorophyll can likewise be utilized as food added substance implies food 

colorant(Adams, 2004). Chlorophyll derivatives have been reported in number of the studies for 

cancer preventative effects (Dashwood et al., 1998; Egner et al., 2003; Hsu et al., 2008). Many 

reports support antioxidant properties of chlorophylls and its derivatives (SATO et al., 1986; 

Sakata et al., 1990; Hoshina et al., 1998; Ferruzzi et al., 2002). In fact, recent reports revealed 

the role of potential health benefit of diet rich in chlorophylls as therauptic agents to prevent 

some ailments. In pharmacy, chlorophyll molecules are utilized as photosensitizer in cancer 

therapy (Mishra et al., 2012). Biological activities like antioxidant and antimutagenic activities 

attributed to chlorophyll derivatives consistent with cancer prevention (İnanç, 2011). According 
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to above facts and findings, D. kaki and D. malabarica plants especially leave extract of these 

plants can be used for above mentioned similar applications. 

4.4.5.2. Total carotenoids 

Total carotenoids were evaluated in different organs of D. kaki (Fig. 4.26 a). The value of 

total carotenoids was found significantly highest (32.48µg/g FW) in unripe fruit. Bark and leaves 

were non-significant from each other but there was found significant difference in total 

carotenoids contents of ripe fruit and stem of D. kaki. In the same way, carotenoids were 

observed in different organs of D. malabarica (Fig. 4.26b). Carotenoid contents were 

significantly highest (20.74 µg/g FW) in the leaves. Carotenoid contents in unripe fruit and bark 

were statistically same. There was found almost significant difference in carotenoids contents of 

D. malabarica organs.  

Carotenoids are very essential for the normal development of plants and animals. 

Generally, animals do not have the ability to synthesize carotenoids inside body. Carotenoids are 

naturally-occurring pigments in plants (Britton et al., 2004). So highest value of carotenoids  and 

lycopene found in this work could be helpful as plant based products required for good health on 

daily basis (Cazzonelli, 2011) and may be helpful in evaluating the biological activities of 

carotenoids becaue of their reported strong anti-oxidant ability (McNulty et al., 2007).  Lycopene 

(50%) is found in total carotenoids of human serum. Prostate cancer as well as hyperlipidemia, 

HIV diseases  and inflammation can be treated by beneficial role of lycopene (Gerster, 1997; 

Barber and Barber, 2002). Moreover, high serum concentrations of lycopene may reduce risk of 

cancer in Finnish men of middle age (Karppi, 2011; Matos et al., 2000). Synergistic effects has 

been resulted more effectively by combining phenolic compounds with carotenoids to prevent 

human LDL oxidation than carotenoids alone (Milde et al., 2007). The principle carotenoids 

including β-carotene, astaxanthin zeaxanthin and  canthaxanthin, along with lycopene are 

arranged artificially in aphrodisiac, business for enormous scope and wide use in beautifying 

agents, food items, other wellbeing items, nutrient related enhancements, food added substances 

for shellfish, domesticated animals, poultry &fish (Del-Campo et al., 2007; Jackson et al., 2008). 
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Fig.4.26a. Comparison of total carotenoids in various D.kaki organs. Qualities are mean ± 

SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

kaki organs. 

 

Fig.4.26b. Comparison of total carotenoids in various D. malabarica organs. Qualities are 

mean ± SD of three distinct trials. Various letters on bars reflect substantial distinction 

among D. malabarica organs. 
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Carotenoids have been detected to deliver forerunners for the bio-synthesis of vitamin A. 

These are truly significant for the improvement of human wellbeing and completing various 

physiological capacities like immune-stimulants, antioxidant action, photo-protection, yolk 

sustenance to undeveloped organisms, restricting age linked macular deterioration of eye and 

visual regulation. Vitamin A inadequacy is the reason for mortality among the youngster (and 

maternal) (Johnson, 2002; Krinsky and Johnson, 2005). In people α -carotene, β -carotene, β -

cryptoxanthin and γ -carotene are found to show vitamin A action (Kidd, 2011). According to 

above revealed findings, detected carotenoids in D. kaki and D. malabarica organs here 

especially unripe fruit and leaves respectively can be further purified and characterized for the 

above-mentioned applications. 

4.4.5.3. Lycopene 

The lycopene level was described in different parts of D. kaki (Fig.4.27a). Lycopene level 

was significantly highest (10.20 mg/g FW) in unripe fruit. There was almost found significant 

difference in lycopene contents of D. kaki organs. Likewise, lycopene level was also found in 

different organs of D. malabarica (Fig.4.27b). The observed lycopene was significantly highest 

(13.6 mg/g FW) in the leaves.  Stem, ripe and unripe fruit were statistically same.  

Lycopene can possibly fix different kinds of tumors, incendiary, hyperlipidemia & HIV 

illnesses. The lower level of vitamin A can make serious issues in body. Its lack related 

infections incorporate dryness or irritation of the eyes, vision like issues, serious flushes in the 

skin or damage of hair just as interminable maladies. It can go about as pro-vitamin A other than 

anti-oxidant characteristics (Gerster, 1997).   

Lycopene has been found to assume profitable job in the therapy of prostate malignancy 

(Barber and Barber, 2002). It might assist with making the immune system stable. It likewise can 

fight malignant growth like perilous illness. It has affirmed that lutein, β-Carotene just as might 

be yet lycopene have been found to have deep rooted defense capability by lessening the 

development of UV-incited erythema against hazardous impacts which are delivered by daylight 

(Stahl and Sies, 2007).   
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Fig.4.27a. Comparison of lycopene in various D. kaki organs. Qualities are mean ± SD of 

three distinct trials. Various letters on bars reflect substantial distinction among D. kaki 

organs. 

Fig.4.27b. Comparison of lycopene in various D. malabarica organs. Qualities are mean ± 

SD of three distinct trials. Various letters on bars reflect substantial distinction among D. 

malabarica organs. 
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Lycopene has artificially appeared to snuff singlet oxygen and powerful anti-oxidant 

invitro (Di Mascio et al., 1989; Conn et al., 1991) to rummage free radicals among natural 

carotenoids (Miller et al., 1996). Lycopene concentrations 3.635 to 8.064 miligram per 100 gram 

(Vinha et al., 2011a), 0.7 miligram per 100 gram &3.90 miligram per 100 gram (Homnava et al., 

1990; Kondo et al., 2004) have been accounted for in ripened D. kaki natural products.  In 

correlation, most elevated measure of lycopene (1020 miligramg per 100 gram) was seen in 

unripe fruit in present investigation. Along these lines, D. kaki unripe fruit alongwith leaves may 

be potent anti-oxidant because of higher measure of lycopene. 
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Fig.4.28.Conclusive picturization of biochemical analysis of extracts 

D.kaki (a) and D. malabarica (b) 

(a) 

(b) 
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4.5. Characterization of Zinc oxide (ZnO) nanoparticles 

Here, green amalgamation of ZnO NPs was an effective way for simple, secure, 

economic and eco-friendly method of nanoparticle synthesis and novelty of this research work is 

first ever study on preparation and characterization of ZnO NPs using leave, bark and unripe fruit 

extracts of D. kaki and D. malabarica.  Biosynthesized ZnO nanoparticles were then further 

characterized through the instrumental analysis such as field emission scanning electron 

microscope (FESEM), UV/Visible, XRD, FT-IR & energy-dispersive spectroscopy (EDS) in the 

form of scanned images. 

4.5.1. FTIR analysis of ZnO nanoparticles 

Biosynthesized zinc oxide nanoparticles from leave extract of D.kaki were analyzed by 

FTIR within the scan range of 450–4000 cm
−1

 (Fig. 4.29) to know the possibility of 

phytochemical principle which is involved in capping and stabilization   

. In this study, observed  broad peak at 2155 cm
−1

 corresponded  to terminal alkynes of 

(C ≡ C), C–C bond groups (Prasannaraj et al., 2017), peak at 1495 cm
-1 

 related  to C-N stretch of 

amide-I in protein or –C-C- stretching in aromatic ring (Yedurkar et al., 2016) as 1500-1400 cm
-

1 
prompts to C-C stretch (in-ring) aromatics (Pattanayak, 2013),some other weak bands at 746 

cm
-1

 and 955 cm
-1 

were found that lead to aromatic –C=C–, C–H, – CH2 (Prasannaraj et al., 

2017) and mono substituted ring. Metal oxides usually provide absorption peaks in fingerprint 

section i.e. under 1000 cm
-1

 emerging from vibrations among atoms  (Haider et al., 

2018).Similarly, absorption bands 600-400 cm
-1

 may be releated to the metal oxide or metal 

chloride (Sharma et al., 1987; Nakamoto, 2006) which affirms the presence of ZnO nanoparticles  

at 458 cm
-1

  (Fig 4.29) in this study. The observed  peak at 830 cm
-1

 related to P–H bend 

phosphines group (Prasannaraj et al., 2017) which anticipated that the ZnO nanoparticles 

reduced by D. kaki leaves  may be surrounded by aromatic ring polyphenol (Rajasekar et al., 

2013; Prasannaraj et al., 2017).  
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Fig.4.29. FTIR spectra of ZnO NPs using D. kaki leaves aqueous extract 

Similarly,  FT-IR spectrum of D. kaki bark (Fig. 4.30) represented potent absorption 

bands at 2972 cm
-1

 which is characteristic of -CH stretching (alkanes) (Prasannaraj et al., 2017), 

peak at 1961 cm
-1

  corresponded to C=O stretching vibrations (Shahwan et al., 2011). Here, 

absorrption peak at 1461 cm
-1 

(Pattanayak, 2013) leaded to C-C stretch (in-ring) aromatics or 

may be due to C-N stretch of amide-I in protein (Yedurkar et al., 2016). Some different groups at 

785 cm
-1

 , 814 cm
-1

 , 764 cm
-1

, 923 cm
-1 

were additionally seen which prompt to aromatic –

C=C–, C–H,– CH2 group (Prasannaraj et al., 2017) and mono substituted ring. Here, the C-O 

stretching COOH, esters, C2H5OH & C2H5)2O showed peaks at 1167 cm
-1

 and 1283 cm
-1

. 

Absorption peak around 1000–1320 cm
-1

 prompts to -C-O and C-H stretching esters, C2H5OH, 

ethers and  COOH (Pattanayak, 2013). 
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Fig.4.30. FTIR spectra of ZnO NPs using D. kaki bark aqueous extract 

The spectral data of unripe fruit extract of D. kaki (Fig. 4.31) indicated broad band at 

3750 cm
−1 

which
 
is characteristics peak of O-H stretching and amine (Bhatte et al., 2012; Zamiri 

et al., 2012), absorption peak at 2976 cm−1 associated with C–H stretch (alkanes) (Prasannaraj et 

al., 2017) and broad peak at 2152cm−1 corresponded to terminal alkynes of (C ≡ C),C–C bond 

groups (Prasannaraj et al., 2017). An absorption peak at 1734 cm
-1

 assigned to aldehydic 

carbonyl (–CH=O) group or may be due to amide group of protein (Prabu and Johnson, 2015) 

while peak at 1473 cm
-1

 may be due to aromatic –CH stretching vibrations or C-N stretch of 

amide-I in protein (Yedurkar et al., 2016). Another absorption peak at 1287 cm
−1

 in D. kaki 

unripe fruit might be expected to –C-O (carboxylic acid) and C-H stretching or to acetyl group 

(ethers) (Prasannaraj et al., 2017). Likewise, peak at 1089 cm
-1 

attributed to C–N stretch 

represents aliphatic amines or stretching vibration of (NH)–C-O group (Awwad et al., 2014) or 

ethers (C–O–C dialkyl) (Prasannaraj et al., 2017) found only in the D. kaki  unripe fruit extract 

while the peak at 488 cm
−1

 (Fig. 4.31) was ascribed to the ZnO  stretching vibration. 
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Fig.4.31. FTIR spectra of ZnO NPs using D. kaki unripe fruit aqueous extract 

The biomolecules found in aqueous extract of D.malabarica leaves, bark and unripe fruit 

extract which were accountable for the reduction and stabilization of the biosynthesized ZnO 

nanoparticles can be recognized.  

The spectra of aqueous leaves extract of D. malabrica (Fig 4.32) showed  broad band at 

3749.39 cm
-1

 is due to of O-H and phenol stretching and deformation respectively allocated to 

the water adsorption on the surface of metal and amine (Bhatte et al., 2012; Zamiri et al., 2012). 

The band appeared at 2977.15 cm
−1

 might be ascribed to –C–H and O-H stretching modes 

(Awwad et al., 2014). The peak at 2152.54 cm
−1

 corresponded to –C ≡ C– stretching represents 

alkynes(Prasannaraj et al., 2017). Here, -C-C stretching  due to aromatic ring showed the band at  
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1460.18 cm
-1

 or might be due to C-N stretch of amide-I in protein (Yedurkar et al., 2016) and 

aromatic –CH stretching vibrations (Awwad et al., 2014). The band arised at 1286.36 cm
-1

 leads 

to -C-O stretching (carboxylic acid) or acetyl group (ethers) (Prasannaraj et al., 2017). The 

absorption peaks 
 
at 1127.88 cm

-1
 and 1173.81 cm

-1
 revealed -C–C stretching anhydrides group 

(Prasannaraj et al., 2017). The band 450-600 cm 
-1 

correlated to metal oxide bond Zn-O.  Here, 

stretching for ZnO particles was shown to be around at 497.08 cm
-1

,
 
521.63 cm

-1
 and 576.37 cm

-1 

(Nounagon et al., 2017)
.
  

Fig.4.32. FTIR spectra of ZnO NPs using D. malabarica leaves aqueous extract 

FT-IR spectra of the bark extract of D. malabarica (Fig.4.33) exhibited strong band at 

2978.49 cm−1 might be credited to –C–H stretching (alkanes) (Yedurkar et al., 2016). The peak 

found around 1473.82 cm
−1

 may be due to C-N stretch of amide-I in protein or O-H stretching 

modes and -CH2 bending (Prabu and Johnson, 2015). Another peak obtained  at 1287.75 cm
-1

 

might be due to -C-O stretching  alcohol (carboxylic acid) or acetyl group (ethers) (Prasannaraj 

et al., 2017). 1172.36 cm
-1

 may lead to OH stretching & distortion ascribed to  H2O adsorption 

on surface of metal or leads to C–C stretching anhydrides group (Prasannaraj et al., 2017) The 

band 450-600 cm 
-1

correlated to metal oxide bond Zn-O. Here, stretching for ZnO particles was 

reflected to be around at 466.98cm
-1

,
 
457.63 cm

-1
, 523.13 cm

−1
 and 571.20 cm

-1 
(Sharma et al., 

1987; Nounagon et al., 2017).  
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Fig.4.33. FTIR spectra of ZnO NPs using D. malabarica bark aqueous extract 

 

The resulted strong peak at 2981 cm
−1 

(Fig. 4.34) may be ascribed to –C–H stretching 

(alkanes) (Prasannaraj et al., 2017). The absorption in region of 1474 cm
−1

 and 1459.25 cm
−1 

 

implies the presence of aromatic ring (Gnanasangeetha et al., 2014) or C-N stretch of amide-I in 

protein (Yedurkar et al., 2016) or may be  due to O-H stretching modes and CH2 bending 

respectively. The peak found at 1283.71 cm
-1

 may be because of -C-O stretching (carboxylic 

acid) or acetyl group (ethers) (Prasannaraj et al., 2017). Some other bands at 726.74 cm
-1

,
 
765.19 

cm
-1

, 786.23 cm
−1 

and 922.66 cm
-1

 were observed which reflected  aromatic –C=C–, –C–H 

group, –CH2 group and mono substituted ring. In this spectral data of unripe fruit extract, 

stretching for ZnO particles was shown to be around at 492.60 cm
-1

. 
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Fig.4.34. FTIR spectra of ZnO NPs using D. malabarica unripe fruit aqueous extract 

The FTIR spectrum revealed that different bioactive compounds in aqueous leaf, bark 

and unripe fruit extract of D .kaki and D. malabarica could be accountable for Zn ion reduction 

to Zn NPs and diverse protein in both plant extracts may be efficient for ZnO nanoparticles 

capping and stabilization. It was also reported that phenolic groups of molecules are responsible 

for the reduction process and the stability of ZnO NPs is due to the free amino and carboxylic 

groups (Senthilkumar and Sivakumar, 2014). 

4.5.2. UV/Vis absorption analysis of ZnO nanoparticles  

 This  technique is extensively used to scan the ophthalmic characteristics of nano 

particles (Talam et al., 2012). UV-vis spectra of the biosynthesized zinc oxide nanoparticles of 

D. kaki and D. malabarica extracts are shown (Fig. 4.35 a&b). For analytical study of the 

prepared sample, the amount of absorption within wave length of 300– 500 nm was observed by 

UV-visible spectroscopy. A maximum  absorption peak was found in each spectrum at 380 nm 

which is characteristic peak for the pure zinc oxide (Awwad et al., 2014)  nanoparticles which 

proves that the zinc ions are efficiently reduced by phytochemicals found in  the D. kaki and D. 

malabarica plant extracts.  
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 (a) (b) (c) 

Fig.4.35a.UV-Vis absorption spectra of Zn ONPs using aqueous extracts of leaves 

(a) bark (b) and unripe fruit (c) of D.kaki plant 

UV/Vis spectra are helpful as they provide qualitative information. No complicated peaks 

were observed in the spectrum, indicating the high purity of the synthesized zinc oxide 

nanoparticles by green synthesis. 

 

(a)       (b)                                              (c) 

Fig.4.35b. UV-Vis absorption spectra of Zn ONPs using aqueous extracts of leaves (a) bark 

(b) and unripe fruit (c) of D.malabarica plant  
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4.5.3. FESEM and EDS analysis of ZnO nanoparticles 

The morphology of the prepared ZnO powder from D. kaki  and D. malabarica was 

premeditated by FESEM (Patil and Raut, 2012). D. kaki image of leaves shows that most of the 

ZnO particles were found crystalline and round in shape with smooth edges. The average 

ultrafine size of ZnO particles was estimated to be around 40-45 nm (Fig.4.36 a) in leaves extract 

of  D. kaki. However, energy dispersive spectroscopy (EDS) study was carried out by the SEM 

machine for the synthesized ZnO nanoparticles (Fig. 4.36b) to know about the elemental 

composition. EDS analysis confirmed the presence of element zinc and oxygen signals of zinc 

oxide nanoparticle (Behera, 2009). 

 

 

Fig.4.36. FESEM image (a) of ZnO NPs using D. kaki leaves alongwith EDS graph (b) 

Similarly, the average ultrafine size of ZnO nano particles was found be around 40-42nm 

(Fig.4.37 a) in bark extract of D. kaki. EDS analysis revealed that (Fig. 4.37b) both Zinc (Zn) 
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and Oxygen (O) peaks were found in the sample. The graph  also showed peaks of  platinum (Pt) 

and zicronium (Zr) which may be because of the substrate over which it was held to do the SEM 

analysis  (Behera, 2009). 

 

 

 

Fig.4.37. FESEM image (a) of ZnO NPs using D. kaki bark alongwith EDS graph (b) 

In the same way, the average ultrafine size of ZnO nano particles was found be around 40 

nm in unripe fruit extract of D. kaki (Fig.4.38a).  EDS analysis reflected (Fig. 4.38 b) both zinc 

(Zn) and Oxygen (O) peaks in the sample. Again, the graph indicated platinum (Pt) and 

magnesium (Mg) which may be because of the substrate over which sample was held to 

characterize SEM (Behera, 2009). 

(b) 
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Fig.4.38. FESEM image (a) of ZnO NPs using D. kaki unripe fruit alongwith EDS graph (b)  

Likewise, FESEM was also done for visualization of morphology of  synthesized ZnO 

nanoparticle in leaves, bark and unripe fruit extracts of D. malabarica. The average ultrafine 

particle size was shown to be around 20-22 nm as SEM spectrum shows that the powder was 

homogeneous and agglomerated in D. malabarica leaves (Fig.4.39 a). EDS analysis 

demonstrated (Fig. 4.39 b) both zinc (Zn) and Oxygen (O) peaks in the sample. Platinum (Pt) 

and magnesium (Mg) peaks in graph may be due to the substrate over which sample was scanned 

for FESEM characterization (Behera, 2009). 
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Fig.4.39. FESEM image (a) of ZnONPs using D. malabarica leaves alongwith EDS graph(b)  

FESEM spectrum of D. malabarica bark showed ultrafine particle size of 20 nm (4.40 a). 

EDS analysis confirmed (Fig. 4.40b) the presence of both Zinc (Zn) and Oxygen (O) peaks in the 

plant extracts.  
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Fig.4.40. FESEM image (a) of ZnO NPs using D. malabarica bark alongwith EDS graph (b) 

Likewise, FESEM spectrum of D. malabarica unripe fruit was found with ultrafine 

particle size of 25- 30 nm (Fig.4.41a). The EDS also showed that (Fig. 4.41b) both Zinc (Zn) and 

Oxygen (O) peaks are observed in the sample. The graph again showed the presence of  

zicronium (Zr) and magnesium (Mg) which may be due to the substrate used for SEM 

characterization of sample (Behera, 2009). 
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Fig.4.41. FESEM image (a)of ZnO NPs using D. malabarica unripe fruit alongwith EDS 

graph (b) 

4.5.4. XRD analysis of ZnO nanoparticles 

The XRD pattern of  biosynthesized zinc oxide nanoparticlesof  D.kaki leaves, bark and 

unripe fruit was found as shown in Figure 4.42 a to c, respectively.The significant crystalline 

peaks positioned at 2θ peak angles of  27.58°, 28.89°, 31.89°, 37.29° and 45.76° attributed   to 

the  (100), (110), (110), (111) and (200)  crystalline planes for  D. kaki leaves, D. kaki bark peaks 

at 2θ = 27.99°, 31.50°, 32.31°, 37.15°,  43.20°, 45.10° leaded to (100), (110), (110), (111), (200) 

and (200) planes.similarly,  D. kaki unripe fruit extract at 2θ = 29.90°, 31.84, 37.90° and 43.81° 

corresponded to  (110), (110), (111)  and (200) crystal planes (Awwad et al., 2014) which are in 

great concurrence with those of powder ZnO acquired from the International Center of 

Diffraction Data card (JCPDS-36-1451) affirming the development of a crystalline monoclinic 

structure. No additional diffraction peaks are identified, The more intense  and  broadened  

diffraction  peaks  clearly refelcted that  the  ZnO nanoparticles are  highly  crystalline  in  
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nature. The normal molecule size of the sample was observed to be 43.12 nm which is obtained 

from the FWHM  utilizing Debye-Scherrer equation (Cullity, 1978). 
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Fig.4.42. XRD patterns of biosynthesized zinc nanoparticles D. kaki leaves ZnNPs (a), D. 

kaki bark ZnNPs (b) and D. kaki unripe fruit ZnNPs (c) 
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Fig.4.42a. XRD spectra of biosynthesized ZnO NPs using aqueous extracts of leaves (a) 

bark (b) and unripe fruit (c) of D. kaki plant 

 

Similarly, X-ray diffraction (XRD) patterns of ZnO nanopowder synthesized from zinc 

sulfate and sodium hydroxide in the presence of D. malabarica leaves, bark and unripe fruit 

extracts indicated in Fig 4.43 (a) to (c). The XRD pattern indicated the orientation and crystalline 

nature of ZnO nanoparticles. The significant peak positions with 2θ values of 28.12°, 29.90°, 

32.10° ,36.90° and 37.59° are indexed as (100), (110), (110),(111)  and (111)  crystalline planes 

in leaves extract of D.malabarica while obtained single highest peak in bark extract of D. 

malabarica at 2θ  was 25.98° corresponded to (100) plane (Ghosh, 2012). XRD diffraction peaks 

found  in unripe fruit extract of D. malabarica at 2θ  were 23.90°, 24.89°,27.90°, 29.97°, 31.86°, 

33.50° 36.57°, 45.53° and 46.92°  exhibited the (002), (100), (100), (100), (110), (110), (110), 

(110, (200) and (200)  crystalline planes. The normal particle size of the sample was observed to 
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be 28.12 nm which is obtained from the FWHM of more intese peaks by Debye-Scherrer 

equation  (Awwad et al., 2014). 
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Fig.4.42b. XRD spectra of biosynthesized ZnONps using aqueous extracts of leaves (a), 

bark (b) and unripe fruit (c) of D. malabarica plant 

 

 The results found by XRD analysis reflected the phase purity and showed that 

biosynthesized ZnO nanoparticles were crystalline in nature with hexagonal wurtzite structure as 

diffraction peaks were seen intense in all leaves, bark and unripe fruit extracts of D.kaki and 

D.malabrica which confirmed that ZnO Nps were successfully synthesized by green method. 

The peaks were found broad which exhibited that the particles size is smaller which were 

reported in earlier literature (Bai et al., 2015). 
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Chapter 5 

SUMMARY 

Diospyros malabarica and Diospyros kaki are important members of the genus Diospyros 

and family Ebenaceae. D. malabarica has widespread utility in the traditional medicines as 

cooling astringent, anti-inflammatory acrid depurative, febrifuge and constipating, burning 

sensation, vaginal disorders, dyspepsia, pitta, purities, hemorrhages burns, fever, spermatorrhoea, 

diabetes, leprosy, skin diseases, in cure menstrual disorders, healing of dysentery, aphrodisiac , 

anti snake bite , antidiarrhoeal ,antifertility and antiurolithiatic. Traditionally, D. kaki is also 

utilized to treat diverse skin illnesses including skin rashes, pimples, scab, diarrhea, 

arteriosclerosis, cough apoplexy and play vital role as antitussive, sedative agent, carminative 

potent  free radical scavenger, anti-inflammatory, anti-carcinogenic, anti-diabetic, antimicrobial 

antihypertensive and antioxidant.  

The core objectives behind this research work included; 1) Phytochemicasl exploration of 

D.kaki and D.malabrica alonwith evaluation of different biological activities; 2) Biochemical 

profiling of the  these plant species for indicating the presence of new lead molecules comprising 

to antioxidant characteristics and scientific validation of the folklore medicinal uses; 3)  Green 

synthesis of ZnO nanoparticles and characterization of biosynthesized ZnO nanoparticles as 

increasing numbers of inventions in nanotechnology field and delivering novel applications in 

different applied fields. 

Diospyros malabarica and Diopsyros kaki plant organs (dried leaves, bark, stem, ripe and 

unripe fruit) were extracted by sequential exhaust method using different solvents (petrolem 

ether, dichloromethane, ethyl acetate, ethanol, methanol and aqueous) in order of increasing 

polarity from less polar  to more polar solvents. Amongst all used solvents, methanol and ethanol 

extracts showed highest extraction yield and greatest presence of phytochemicals (flavonids, 

tannins, terpenoids and saponins). Of all extracts, methanol leave extract of D. kaki and bark 

extract of D. malabarica have the highest (840 ± 0.01 μg EAG/mg of extract) and (602±0.001 µg 

EAG/ mg of extract) of TPC and (670±1.21 μg EQ /mg of extract) and (455±0.6 μg EQ/mg of 

extract) of TFC, respectively. 

In this study, significant antibacterial activities were evaluated by methanol and ethanol 

extracts of D. malabarica and D. kaki against two bacterial strains; Streptococcus & E.coli. The 

https://www.sciencedirect.com/topics/medicine-and-dentistry/pimple
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results reflected that most susceptible bacterial strain was streptococcus and most potent extract 

was ethanol followed by methanol. Ethanol extract of unripe fruit extract of D. kaki showed the 

strongest zone of inhibition 32.50 mm against gram positive bacteria “the streptococcus” as 

compared to other organs which was found nearly equal to standard (ciprofloxacin 250 mg) zone 

of inhibition (45.5 mm) whereas methanol extract of leaves revealed 29.25 mm inhibitory action 

against the gram negative bacteria ―E. coli” which was found not more lower than standard 

(39.50) inhibitory zones. Similarly, methanol extract of D. malabarica bark showed the strongest 

zone of inhibition 30.25 mm against Streptococcus, the gram positive bacteria as compared to 

other organs while standard (ciprofloxacin 250 mg) has 45.5mm zone of inhibition. While 

methanol extract of unripe fruit has 19.25 mm inhibitory action against the gram negative 

bacteria E. coli and standard has 39.50 inhibitory zone. 

Similarly, methanol extract of D. malabarica and D. kaki demonstrated varied antifungal 

activities against fungal strains; A. flavus and A. niger. The results revealed that most susceptible 

fungal strain was A. flavus followed by A. niger and most potent extracts were ethanol and 

methanol. Ethanol extract of D. kaki unripe fruit showed the highest inhibition zone of 17.50 mm 

against A. niger and 16.25 mm against A. flavus which was found almost near to standard drug 

(20.25 mm) even at very low concentrations. Likewise, methanol extract of D. malabrica bark 

showed the highest inhibition zone of 18.25 mm against A. flavus and 17.50 mm against A. niger 

which was also near to standard drug (20.25 mm).  The overall anti-diabetic activity was found 

significant in both plant species and the most potent extracts were found to be the methanol bark 

of D. malabarica  and ethanol unripe fruit  of D. kaki demonstrating only 68% and 67% 

inhibition of α- amylase  respectively at  400 µg/ mL  nearly equal to standard dug (Acarbose) 

(82%). The crude methanol extract of D. malabarica bark and D. kaki leaves also demonstrated 

significant anti-inflammatory activity with a remarkable 62% and 68% inhibition of albumin 

denaturation respectively, at 400 μg/mL concentartion found nearly equal to Diclofenac Sodium 

(78%) used as standard drug.  

The results of anticancer activity of crude extract of D. malabrica and D. kaki also 

showed weak anticancer activity against the HeLa cell lines, though this activity was found only 

48% and 40% in methanol extract of D. malabarica bark and D. kaki leaves, respectively less 

than Doxorubicin (70%)  but was not found inactive even at low concentration  .  
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The purpose of the present research was also to estimate antioxidant potential using 

different extracts of D. malabarica and D. kaki. So, fresh bark, stem, leaves, ripe & unripe fruit 

extracts of both plant species were chosen to complete the biochemical examination. The diverse 

bioactive compounds including  TSP, APX, vitamin C, POD, SOD, catalase, esterase, amylase, 

protease,  TAC & TOS were assessed in particular buffer solution. The pigments were estimated 

in 80% C2H5OH while TPC were estimated in 95% CH3OH. All above mentioned parametrs 

were evaluated by utilizing the spectrohpotmeter. 

Results of biochemical analyses depicted that all extracts of D. malabraica have good 

presence of antioxidant containing bioactive compounds but significant and highest abundance 

of these metabolites comprising to antioxidant properties was found in bark extract of D. 

malabarica includes: ascorbate peroxidase, tannins, α-amylase, esterase, reducing and non 

reducing sugars, total antioxidant capacity and  lower total oxidant status. Similarly, D. kaki 

extracts also revealed the presence of phytochemicals during biochemical assays but D. kaki 

leaves extract showed highest abundance of these natural products like catalase, TPC, TAC, 

protese, tannin contents, ascorbate peroxidase & total chlorophyll and chlorophyll a & b while 

unripe fruit demonstrated lycopene, soluble sugars, carotenoids, alpha-amylase, lower TOS & 

ascorbic acid (vitamin C). 

Furthermore, green synthesis was carried out by water and ZnSO4.7H2O using leaves, 

bark and unripe fruit extracts of D. kaki and D.malabarica plants to synthesize ZnO 

nanoparticles and in our study this biosynthesis method was found simple, secure, less 

expensive, and less toxic and environment friendly. Afterwards, these biosynthesized ZnO NPs 

were categorized via diverse spectroscopic systems including UV–Visible spectroscopy, FT-IR, 

FESEM analysis, EDS and XRD of synthesized zinc oxide nanoparticles was done using the 

Nova Nano SEM 450 scanning electron microscope (SEM). Fourier transform infrared 

spectroscopic measurements were done using the Nexus 870 spectrometer and also using the 

UV–Vis Spectrophotometer. UV–Vis spectrum of zinc oxide nanoparticles was recorded, by 

UV–Vis-NIR Spectrophotometer. XRD analysis was performed utilizing X-ray diffractometer, 

Shimadzu, XRD-6000 with CuKα radiation λ = 1.5405 Å over an extensive variety of Bragg 

points (20
o
 ≤ 2θ ≤80°). 

ZnO NPs were effectively amalgamated via green synthesis & characterized as well. 

FESEM analysis confirmed the formation of ZnO nanoparticles with spherical shape and particle 
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size of  40-50 nm in D.kaki and 20-30nm in D.malabarica  alongwith presence of both  elements 

Zinc (Zn) and oxygen (O) peaks by EDS analysis. The Ultraviolet and visible spectroscopy 

reflects Plasmon resonance characteristics, affirmed the metal ion reduction and NPs formation 

with plasma resonance peak at 380 nm in all extracts of both plant species.  In FTIR 

measurements, stretching for ZnO nanoparticles was seen between 458 cm
-1

 and 611 cm
-1

 in 

leaves, bark and unripe fruit extracts of D. kaki while leaves, bark and unripe fruit extracts of D. 

malabraica exhibited between 457 cm
-1

 and 576 cm
-1

. Similarly,   many others absorption peaks 

demonstrated the presence of biomolecules could be responsible for reduction of Zinc ion into 

ZnO nanoparticles and protein found in these plants may support capping and efficient 

stabilization of the ZnO nanoparticles. XRD spectra affirmed the presence of essential ZnO Nps 

and described the final product as crystalline ZnO with normal particle size in the range of 40-50 

nm in D. kaki and 20-30 nm in D.malabrica. 

 

Conclusions and Recommendations 

  Our present findings concluded the fact that extraction yield and preliminary 

phytochemical screening reflected the presence of tannins, saponins, flavonoids and terpenoids, 

in all studied solvent extracts of D.kaki and D.malabrica but polarity-dependent increase in 

extraction yield and phytochemical contents may be due to the high affinity of antioxidant 

containing phytochemicals for more polar solvent methanol followed by ethanol than nonpolar 

solvents.  Phytochemical contents havee correlation with TPC and TFC. So, during qunatitaive 

screening of phytochemicals includes TPC and TFC, highest contents of TPC and TFC in 

methanol depicted that most of the phenolic compounds found in D.kaki and D. malabarica 

could be polar in nature. The above results also indicated that methanol was the best and 

functional solvent to extract phytochemicals as compared to non polar solvents (petroleum ether, 

dichloromethane and ethyl acetate) and can act as free radical scavenger because phytochemicals 

determine their antioxidant capability. 

 Here,  the results indicated that remarkable anti-cancer, anti-diabetic, antimicrobial 

and anti-inflammatory activities even at lowest possible concentration (µg/mL) represented  by 

leaves and unripe fruit extract of D. kaki and bark extract of D. malabarica may be due to the 

greatest presence of biomolecules which could be further responsible for evaluation of 
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significant biological activities and can be a new addition in antimicrobial substances that can be 

exploited in different disease treatment against free radicals. Similarly, the abundance of 

antioxidants in leave and unripe fruit extract of D.kaki and bark extract of D.malabarica during 

biochemical analysis also confirmed their antioxidant potential amongst other parts. Even though 

there have been a variety of studies suggesting the anti-cancer effects by different plant 

species.According to our information, it is first approach which reflected the anti-cancer effect of 

the methanolic extract of D. malabarica bark and D.kaki leaves in cancer cells against HeLa cell 

lines.This is the novelty of our study. 

 Furthermore, biosynthesis of ZnO nanoparticles in current study was found simple, 

secure, economic, less toxic, and environment friendly way of synthesis and  different techniques 

used for  characterizing the ZnO nanoparticles like, FTIR, UV–visible,  FESEM, EDS and XRD 

confirmed the presence of ZnO NPs with normal 40-50 nm particle size in D.kaki while 20-30 

nm in D. malabraica.  

 Our findings suggest that these plant species may assist isolation, purification and 

characterization of new phytochemicals in the development of pharmaceutical herbal drugs and 

may be effective in the activity guided isolation of its active natural products. The results 

indicate the suitability of polar solvents for the extraction of phytochemical contents from plant 

materials because phytochemical contents determine their antioxidant capacity. However, further 

studies are required to further elucidate anticancer, antioxidant, anti-diabetic and antibacterial 

potentials using various invivo biochemical and molecular biology techniques to establish which 

extracts of D.kaki and D.malabarica offer the best antioxidant potential. 

  Our results can also encourage green synthesis of nanoparticles that has received 

increasing attention in various biomedical fields because of rising claim to form safe, lucrative & 

eco-friendly techniques for synthesis of nanomaterials. Bio-synthesis & characterization of ZnO 

NPs of D. kaki and D. malabarica extracts could support increasing numbers of inventions in 

nanotechnology field and delivering novel applications in different applied fields. Thus, this 

work is suggestive of the potential use of D. kaki and D. malabarica which could act as 

therapeutic agents by virtue of their antioxidant potential. 
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