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ABSTRACT 
 

 
Present research work is based on nutritional, biological and antimicrobial investigation 

of wild edible plants of Hazara region of Pakistan. Ethnobotanical information was obtained 

from available literature and inhabitant of Mansehra, Abbottabad and Haripur district. The plants 

samples were analysed for nutritional components (carbohydrates, fats, proteins, fibers, ash and 

energy vale), selected metals (Ca, Mn, Fe Mg, K and Na), phytochemical constituents 

(phenolics, flavonoids, flavonols and ascorbic acid) and antioxidant activity (DPPH scavenging 

activity) by using standard analytical methods. A total of 3 wild edible plant species including 

Malva neglecta, Pimpenela stewartii and Viola odorata were investigated in this study. 

Elemental analysis (mg/kg, dry weight) indicated that Ca exhibited highest average 

levels, followed by K, Mg and Na while lowest levels were observed for Mn and Fe in the 

Pimpenella stewartii, Malva neglecta and Viola odorata samples. Their concentrations were 

varying to different samples. The plants found rich in phytochemical contents and had good 

antioxidant activities. Significantly higher phenolics, flavonoids, ascorbic acid contents and 

antioxidant activities were observed in Pimpenella stewartii.  The higher concentration of 

alkaloids was found in Pimpenella stewartii than Viola odorata. The Pimpenella stewartii and 

Malva neglecta have higher concentration of flavonoids than Viola odorata. The phenolic 

compounds were found in Pimpenella stewartii and Viola odorata in higher concentration than 

Malva neglecta. Malva neglecta has relatively low amount of saponins than Pimpenella stewartii 

and Viola odorata. The Diterpenoids and Triterpenoids were present in all the extracts of 

Pimpenella stewartii, Malva neglecta and Viola odorata in considerable amounts. Glycosides 

and Cardiac glycosides were found only in Malva neglecta in low quanitity.  Coumarins were 

also present in Malva neglecta in good quantity but absent in other two plants whereas, tanins 

were not present in any of three selected plant species.  

The moisture content was highest in Pimpenella steawartii (9%) and lowest in Viola 

odorata (6.9 %) and Malva neglecta (6.5%). The ash content was highest in Malva neglecta 

(17.5%) followed by Viola odorata (13.2%) and Pimpenella stewartii (10.4%). The crude protein 

content was 5.51%, 4.37%, 3.31% in Pimpenella stewartii, Malva neglecta and Viola odorata 
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respectively. Crude fiber content was found highest in Viola odorata (23.20%) followed by 

Malva neglecta (21.5%) and lowest in Pimpenella stewartii (12.19%). Lipid content was highest 

in Viola odorata (12.10%), low in  Pimpenella stewartii (3.20%) and lowest in Malva neglecta 

(2.65%).  Carbohydrate content was highest in Pimpenella stewartii (61.9%) and lowest in 

Malva neglecta (28.70%) and Viola odorata (28.30).  

The free radical scavenging activity of all the extracts and standard ascorbic acid at lowest 

concentration of 62.5 ppm and highest 1000 ppm concentrations follows the general order of 

Ascorbic acid> Pimpenella stewartii> Viola odorata>Malva neglecta. Minimum IC50 value for 

antioxidant activity was demonstrated by ascorbic acid (< 10 ppm) followed by Malva neglecta 

(157 ppm), Pimpenella stewartii (205 pmm) and Viola odorata (260 ppm) respectively.The 

comparative efficacy of the crude, methanolic, ethanolic and phenolic extracts of Pimpenella 

stewartii was investigated against E.coli, Staphylococcus aureus, Bacillus subitilis, Kleibshiela 

spp., Clostridium tetani and Mycobacterium spp. Ethanolic extract of Pimpenella stewartii 

showed highest zone of inhibition against Staphylococcus aureus  (16.67mm) and lowest was 

found in methanolic extract against Kleibshiela spp  (6.7 mm) as compared to control (19mm). 

The crude extract of Malva neglecta showed highest activity (18.3) against E.coli and lowest 

(7mm) against B.subtilis as compared to control (21.33). Crude extract of Viola odorata showed 

highest zone of inhibition (18.67mm) against Mycobacterium and lowest (7.3mm) against 

Kleibshiela spp as compared to control (20.33). The antimicrobial activity of Viola odorata was 

also compared with Balsamodendron myrrha against Klesbella pneumonia, E.coli, 

Pseudomonas, Salmonella typhi, Staphylococcus epidermidis and Enterococcus.  The highest 

antifungal activity (18.60mm) was showed by Viola odorata in ethanolic extract against 

Aspergillus niger and lowest activity of Viola odorata was found in crude extract (11.00mm) 

against Mucor hiemalis. The Malava neglecta showed highest antifungal activity (18.00mm) in 

crude extract against Aspergillus niger and lowest activity in crude extract (6.00mm) against 

Mucor hiemalis. Pimpenella stewartii showed highest antifungal activity  (16.67mm) in 

methanolic extract against Aspergillous flavus and   ethanolic extract against Aspergillus niger, 

whereas lowest activity of Pimpenella stewartii was found in methanolic extract (6.7mm) against  

                                                                 viii 

 



 

Mucor hiemalis.  The Viola odorata exhibited alpha-glucosidase inhibitory activity (upto 

72.0%), and alpha-amylase enzyme (upto 45.7%) at concentration of 1mg/ml followed by Malva 

neglecta extract which showed inhibitory effect on alpha-glucosidase enzyme (upto 58.50.0%), 

and alpha-amylase enzyme (upto 38.30%) at concentration of 1mg/ml. The minimum 

antidiabetic activity was observed in Pimpenella stewartii which showed inhibitory effect on 

alpha-glucosidase enzyme (upto 16.76.0%), and alpha-amylase enzyme (upto 32.9%) at 

concentration of 1mg/ml. 

All the three plants Pimpenella stewartii, Malva neglecta and Viola odorata showed good 

brine shrimp larvicidal activity. Maximum mortalities (76.6%) were observed at a concentration 

of 1 ppm in Malva neglecta followed by 63.66 % at a concentration of 100 ppm in the same 

plant. The lowest value was found 36.66% at a concentration of 100 ppm of Viola odorata. 

Among the three plants extracts, Malva neglecta showed the highest growth inhibition of 
lemna minor followed by Viola odorata at the same dose whereas Pimpenella stewartii showed 
the lowest mortality of Lemna minor. 
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1  

   Chapter 1 

Introduction 
 

Since ancient times, plants are being used as folk, local or cultural medicines and also 

in Ayuvedic and Unani systems of treatment. They have importance to save human and 

animal lives because of their utilization in the herbal medicines. In all over the word plants 

are in constant use for curing of different kinds of diseases. Medicinal plants are considered 

as imperative natural wealth and also a safe treatment of human beings for a number of 

ailments.  The herbal medicines are effective due to presence of bioactive compounds along with 

vitamins and minerals in them. They are very effectual and have no side effects (Ahmad et al., 

2008). The reason may be that the side effect of one component is neutralized by other 

component in crude herbal preparation. Moreover, plants produce photochemicals mainly 

secondary metabolites which have significant pharmaceutical activities like antioxidant, 

antimicrobial, pesticidal and antitumour activity (Mohammedi and Atik, 2011). 

 

In history the frequent use of medicinal plants is on record. The reason is that they 

possess considerable amounts of important biologically active compounds like flavonoids and 

phenolic acids having strong medicinal benefits (Lattanzio et al., 2009). 

 

Pakistan has a distinctive value among the developing countries, on account of its 

huge assets of medicinal plants. In the northern and northwestern regions of the country a 

great variety of medicinal plants are available (Arshad et al., 2011).  People mostly use folk 

medicines made up of a variety of medicinal plants. These medicinal plants are well-known 

to the common public and about 80% of rural community depends on plants for their 

treatment from various diseases (Hameed et al., 2010).  There is a good scope for 

ethnobotanical research as Pakistan is the paradise of medicinal plants. A large number of 

people commonly use traditional Unani medicines use because it is part of culture of Pakistan 

(Qureshi et al., 2009). 

The extraction and manufacturing of herbal medicines from medicinal plants have 

been encouraged by the use of these plants in modern societies (Menghani et al., 2012). Plants 

are an   established precious source for the extraction of natural herbal products.  Their anti 

oxidant as well as antimicrobial activities against microbes are examined for further use of these 
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plants in manufacturing of drugs for various diseases (Muthukumaran et al., 2011).  Due to 

presense of active molecules the plants have a number of different kinds of biological 

activities (Arshad et al., 2011), which are formed because of intense environmental 

conditions (Abutbul et al., 2005).  The major parts of the plants such as roots, s, leaves, stem, bark 

and seeds possess these biologically active compounds.  Various animal and human diseases can be 

treated by these potent compounds (Khan et al., 2012). 

For normal physiological functioning and metabolic activities oxygen has very critical 

role. About 5% of the oxygen molecules are reduced to different types of reactive oxygen 

molecules such as hydroxyl free radicals, superoxides and hydrogen peroxides (Zia-ul-Haq et 

al. 2012).There are various factors which contribute to formation of free radicals. These 

factors include smoke, vehicular exhaust, cigarette smoke, radiations and air pollutions 

(Praveen et al., 2007). Oxidative stress results due to excessive generation of these reactive species of 

oxygen or the free radicals higher than antioxidant power of biological systems can not be controlled. The 

molecules of biologically importance such as proteins, fats, carbohydrates are affected by this oxidative 

stress and result into many metabolic disorders and health problems like inflammation, cancer, 

hepatotoxcicity, cardiovascular diseases, diabetes, aging and neurogenerative diseases (Rakesh et al., 

2010). Antioxidant property of plants is able to counterbalance these free radicals and protect 

from its dangerous effects (Bhanot et al., 2011). The mechanisms antioxidant activity 

includes binding action of pro-oxidant metals, breakdown of peroxides and inhibition of 

chain reactions (Pracheta et al., 2011). Some synthetic antioxidants are also introduced to 

foods in order to inhibit oxidation process but unluckily they have side effects and most are 

carcinogenic. Examples of such compounds are propyl gallate, butylated hydroxyl toluene 

and butylated hydroxyanisole  (Jindal et al., 2012). 

As compared to fruits less information has been published on the phenolic compound 

content of vegetables. Vegetables are significant source of dietary phenolic compounds. For 

example, the total phenolic content of carrot ranges from 509 to 779 mg chlorogenic acid 

equivalents/100 g dry weight (Talcott et al., 1999) with phenolic acids and coumarins being 

the most abundant (Babic et al., 1993). Onions are one of the most widely consumed 

vegetables in all over the world and are rich in flavonoids, particularly flavonols (Shahidi and 

Naczk, 2004). The main flavonols in onions are Quercetin conjugates which have been 

reported to range from 11-29 mg/100 g in the red onion bulbs (Bilyk et al., 1984). In potato 

tubers, the total phenolic content has been reported to range from 500 to 1,200 mg/kg dry 

weight basis (Griffiths et al., 1995) with chlorogenic acid up to 90% of this value (Friedman, 
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1997). Similarly on fresh weight basis 162-483 mg per 100gm chlorogenic acid equivalents 

phenolic compounds have been found in spinach leaves (Howard et al., 2002) with 

pcoumaroyl-tartaric acid at levels of approximately 20 mg/100 g fresh weight (Winter and 

Herrmann, 1986). Leafy herbs in the Lamiaceae, including oregano, marjoram, basil, 

peppermint, sage, rosemary, thyme and spearmint are characterized by the presence of 

rosmarinic acid, the caffeic acid conjugate of α-hydroxyhydrocaffeic acid at the level of 100 

to 1700 mg/100 g dry basis (Exarchou et al., 2002). The leaf extracts from plants, trees and 

shrubs are of interest due to their high phenolic content and antioxidant activity. For example, 

the major compounds in phenolic extracts from soybean (Glycine max) were indentified to be 

ferulic, caffeic, genistic, vanillic, 4-hydroxybenzoic, 4-hydroxycinnamic, salicylic, and 

syringic acids as well as quercetin, naringenin, genistein and diadzein (Porter et al., 1986). 

The phenolic extracted from leaves of an herbaceous plant of tropical American origin, 

Xanthosoma violaceum has been reported to contain 2600 to 33500 mg/100 g extract, taken 

as apigenin equivalents (Picerno et al., 2003). Similarly phenolic extracts from the leaves of 

Leea guineense which is a tropical tree used for its anti-inflammatory properties in folk 

medicine, were reported to contain primarily quercetin conjugates as well as ethyl gallate, 

gallic acid, kaempferol, quercitrin and quercetin (Op de Beck et al., 2003). 

The major cause of illness and even deaths throughout the world are outcome of 

microbial infections. The microbial pathogens such as Escherichia coli, Bacillus subtilis and 

Staphylococcus aureus are the main cause of high death rate in human beings as they have 

extensively spread in environment. Some of the most serious pus forming infections such as 

meningitis, pneumonia, urinary tract infections and mastitis are because of Staphylococcus 

aureus. Bacillus subtillus and Escherichia coli are responsible for food poisoning (Sapkota et 

al., 2012). Diarrhea, dysentery and haemorrhagic septicemia in livestock result from 

infections by Staphylococcus, Escherichia coli and Pasteurella multocida (Hussain et al., 

2011). The sinuses diseases and many allergic problems are caused by Aspergillus species 

(Albrecht et al., 2011).  

 Synthestic drugs especially antibiotics have been proved effective in the cure of many 

microbial diseases but they are blamed to have multiple side effects. In addition the 

occurrences of microbial resistances are increasing alarmingly (Qader et al., 2013). The 

dander of resistance has become challenging to this extent that resistance even against more potent 

and new antibiotics has been produced (Patil et al., 2012). Therefore, it becomes necessary to 

search safer and effective drugs to combat the resisting microbes. Herbal products and 
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phytochemicals have gained much significance for their antimicrobial properties in the 

treatment of various diseases. These plant products are preferably used over synthetic drugs 

(Manjamalai et al., 2010). 

Plants produce phytochemicals which have important role in plant growth and 

photosynthesis called primary metabolites. These include chlorophylls, proteins, amino acids 

and sugars etc.   The other types of phytochemicals are called secondary metabolites which 

have role in the plant’s defense system. These are phenols, alkaloids, terpenes and saponins 

(Hussain et al., 2011).   These secondary metabolites have important medicinal properties and 

therapeutic activities for human beings.  The production and storage of secondary metabolites 

in plants takes place at different periods of the years and depends on environmental 

temperature and length of the day (Abutbul et al., 2005).  It is believed that secondary 

metabolites are generally produced in reaction of unfavorable conditions of the environment 

(Lin et al., 2007). 

All plants contain phenolic compounds and the antioxidant activity of plants is 

basically due to their existence (Sultana et al., 2007). They also have anti-microbial activities.  

There are both soluble and insoluble phenolic compounds. Cell vacuoles contain the soluble 

compounds and the cell wall has insoluble phenolic compounds. Plant’s external layers 

possess more phenolic content than the inner ones.    P-coumaric acid and Ferulic acid are the 

main phenolic compounds of cell wall (Naczk and Shahidi, 2006). Phenolic compounds of 

plants also have antimicrobial activity.  The scope for the study of natural compound has 

been increased for searching new antimicrobial agents to control infections, stabilization of 

oils & fats and food preservation etc (Majhenic et al., 2007). Natural products serve as 

excellent antioxidant compounds and they have put back the utilization of synthetic 

antioxidant drugs. 

The structural formula of phenolic compounds consists of an aromatic ring with 

hydroxyl groups in addition to functional group.  The main phenolic compounds which have 

antioxidant activity are flavonoids and phenolic acids (Cai et al., 2004). Phenolic compounds are the 

biologically active compounds which are mainly responsible for the anti-inflammatory, 

andanti-mutagenic and anti- carcinogenic properties of palnts (Stalikas, 2007). The growth of 

new blood vessels essential for growth of cancer cells are inhibited by phenolic compounds. 

They also increase the efficiency of immune system to destroy tumour cells. The metastatic 

ability, invasiveness and adhesiveness of cancer cells are also decreased by phenolic 

compounds (Janarthanan et al., 2012). 
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Phenolic compounds constitute a huge collection of secondary metabolites because of 

phenylalanine which are extensively distributed throughout the Plant Kingdom (Harborne, 

1994). Though, they typically make less than 2% of the fresh weight of the plant, the  

phenolic compounds perform various functions such as antimicrobial and antiviral activity, 

protection from harmful ultraviolet radiation, lending colour to fruits and leaves which gain 

capability to attract or repel insects and protect from themselves from herbivores (Harborne 

& Williams, 2000). 

Phenolic compounds are characterized as the compounds having an aromatic ring with 

one or more than one -OH groups and also their derivatives of such compounds (Harborne, 

1967). The number of phenolic compounds identified in plants is more than 8,000 and the 

major phenolic compounds in fruits are the flavonoids and phenolic acids. In plants phenolic 

acids are the derivatives of hydroxycinnamic and hydroxybenzoic acids which are generally 

substituted forms. The major structural difference in these derivatives is in the patterns of 

methoxylation as well as hydroxylation of their aromatic rings (Harborne, 1994). The basic 

molecule of flavonoid contains two phenolic rings linked with a heterocyclic oxygenated 

pyran ring (Harborne, 1967). They are divided into several groups of different oxidation state 

of the pyran ring. They consist of five major classes: flavanols, flavones, flavonols, flavanones 

and anthocyanins. 

The separation of bioactive compounds from plants is carried out by extraction 

techniques using proper solvents. Plant matrix and the nature of solvent used effect the extraction 

yields. Due to presence of various phytochemicals ion of solvents become important. A variety of 

solvents are in use for extraction of phtyochemicals. The examples are Dimethyl sulphoxide, 

water, methanol, ethanol, acetone, n-hexane, ethyl acetate, dimethylformamide and propanol 

etc.  Since phenolic compounds possess a number of hydroxyl groups joined with alkali, acid 

or sugar, therefore, it is not possible to fix a single solvent for maximum extraction of 

phenolic compounds. Therefore, optimization of extraction method for maximum extraction 

of phenolic compounds is essential (Salas et al., 2010).  For thorough study of antioxidant 

compounds the need of more than one extraction method is recommended by some 

researchers (Kratchanova et al., 2010).  

In addition to significant nutritional properties, edible plants are persuading scientists 

for potential medicinal related benefits and products produced from them. It has been found 

from a number of studies that the protective effect of plants against various chronic diseases 

is due to presence antioxidant activity of phenolic compounds or their derivatives (Heinonen 

et al., 1999). Several phenolic compounds of specific plants and plant extracts have exhibited 
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anti-inflammatory, antibacterial, antifungal, vasodilatory and anti-tumour activities (Harborne 

and Williams, 2000).  Therefore, for estimating the potential of a plant for human usage, the 

phenolic composition and antioxidant activity of such compounds are necessary to determine. 

The phenolic composition of a plant is generally unique to the plant species and can differ 

with its growth climate Manach et al., (2004). It has also been observed that the antioxidant 

activity differs with the types of phenolic compounds present in the plant. This is this reason 

some of the phenolic compoubds have more antioxidant activity than the others (Rice-Evans 

et al., 1995) and some phenolic compounds have synergic effect resulting in an increase of 

total antioxidant activity. 

The hypothesis of the present study was as follows: the seeds, roots and leaves of 

Pimpenella stewartii, Malva neglecta and Viola odorata contain phenolic compounds that 

could add commercial value to these plants. Furthermore, the characterization of the chemical 

composition and phenolic profile of these plants would contribute to further development of 

natural health products and the native food industry in Pakistan. The objectives of this 

research were as follows: 

1. To characterize the chemical composition of Pimpenella stewartii, Malva neglecta and 

Viola odorata. 

2.  To identify the major phenolic classes present in the edible parts of Pimpenella stewartii, 

Malva neglecta and Viola odorata 

3.  To determine the proximate composition of the selected plants 

4.  To determine the phenolic components/fractions in the plants that exhibit antioxidant 

activity. 

5.  To investigate the antibacterial activity against human pathogens 

6.  To analyze the plants for antifungal activity  

7.  To investigate antidiabetic activity of Pimpenella stewartii, Malva neglecta and Viola 

odorata. 

8. To evaluate the cytotoxic activity of the selected plants. 
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1.1        Pimpenella stewartii 
 

 

 

 

 

 

Fig 1.1 Pimpenella stewartii at flowering stage 
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1.1.1 Biological classification/ Taxonomy: 

  

 Pimpenella stewartii (Dunn) Nasir 

 Synonym of Tachyspermum stewartii 

 

Kingdom Plantae 

Phylum Magnoliophyta 

Class Equisetopsida, Magnoliopsida 

Subclass Magnoliidae  Novak ex Takht 

Super order Asteranae Takht 

Order Apiales  Nakai 

Family Apiaceae Lindl  (alt. umbelliferae) 
 
 Subfamily Apioideae 

Tribe Pimpenelleae 

Genus Pimpenella 

Species Eriocycla stewartii 

Name verified on 25th Aug 2011 by ARS Systematic Botanists. 
 

Common name Tarphaki 

 

(E. Nasir & S. I. Ali, Fl. W. Pakistan 20: 66. 1972) 

  
 
1.1.2 Description: 

  

Pimpinella genus belonging to family Umbellifereae is represented by 150 species. It is 

an annual herb up to one meter in height, having whitish flowers and long ovoid fruits. It grows 

along the margins of cultivated fields and on dry or rocky places along with grass. 

1.1.3 Morphology: 

Plants are 50 cm to 1 m tall. Roots are long tap root. Lower leaves are much divided, 

bipinnate; pinnae 3-lobed, pinnatisect; lobes linear to lanceolate; upper leaves shorter; segments 

linear. Umbels numerous, small. Involucre of 5 linear pubes-cent bracts. Rays 3-12, 1-1.5 cm 

long, pubescent. Involucel of 5 white margined, pubescent, linear to lanceolate bractlets, margin 
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ciliate. Petals are white, pubescent. Ovary densely pubescent; stylopodium conical; styles c. 2 

mm long, Fruit ovoid, 1 mm long, 1.5 mm broad, pubescent; fruit ridges not prominent; furrows 

2-3-vittate; commissure 2-4-vittate. Inner seed face plane 

(Flora of Pakistan. www. eFloras.org) 

1.1.4 Distribution: 

In Pakistan Pimpinella In Pakistan Pimpinella stewartii (Dunn) E. Nasir, synonyms 

Eriocycla stewartii or Pituranthos stewartii is mainly distributed in Murree, Abbottabad, 

Mansehra and Haripur hills from 700 to 2500 meters elevation (Abbasi and Guo, 2015). 

1.1.5 Ethnobotanical uses: 

The roots of Pimpenella stewartii are fragrant, and fruits are carminative, used to cure 

indigestion, gastric and griping pain in stomach (Afzal et al., 2009; Abbasi and Guo, 2015). 

1.1.6 Chemical composition: 

Pimpenella stewartii contains high concentration of phenolic compounds, flavonoids, 

flavonols and ascorbic acid. It also contains significant levels of K, Ca, Fe and Mg (Abbasi 

and Guo, 2015). 
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 1.2 Malva neglecta 

 
 

 

 

 

Fig.1.2 Malva neglecta 
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1.2.1 Biological classification/ Taxonomy: 
 

Kingdom Plantae 

Order Malvase 

Family Malvaceae 

Genus Malva 

Species M.neglecta 

Common name Sonchal 

(Flora of West Pakistan, 1972) 

1.2.2 Description: 

Malva neglecta (common name “Sonchal” and English name Common mallow) is an 

annual herbaceous species of genus Malva growing to 0.6 m (2ft). In USA it is called common 

mallow and also cheese weed, button weed, round leaf mallow, dwarf mallow and cheese plant.   

The leaves are orbicular and very shallowly lobed.  Flowers are borne in fascicles of the leaf 

axils (Dalar et al., 2012). It gives flowers from June upto September, and the seeds are ripened 

from July upto October. The flowers are genderless (have both male and female organs) and are 

pollinated by Bees, flies, self. The plant is self-fertile. 

All parts of the plant are harsh, antiphlogistic, diuretic, demulcent, laxative, expectorant 

and salve (Brown D, 1995). 

1.2.3 Distribution: 

Macaronesia: Canary Islands 

Northern Africa: Algeria, Morocco 

Arabian Peninsula: Saudi Arabia 

WesternAsia:  Iraq, Cyprus, Iran, Sinai,  Israel, Turkey, Afghanistan, Lebanon,  

Palestinian,  Jordan, Syria.   

Caucasus: Armenia, Azerbaijan, Georgia 

Soviet MiddleAsia: Tajikistan, Kazakhstan, Uzbekistan, Kyrgyzstan, Turkmenistan.   

Mongolia: Mongolia 

China: Xinjiang 

Indian Subcontinent:  Pakistan and India 

Northern Europe: Denmark, Sweden, Ireland, United Kingdom, Norway   

https://en.wikipedia.org/wiki/Canary_Islands
https://en.wikipedia.org/wiki/Algeria
https://en.wikipedia.org/wiki/Morocco
https://en.wikipedia.org/wiki/Saudi_Arabia
https://en.wikipedia.org/wiki/Iraq
https://en.wikipedia.org/wiki/Cyprus
https://en.wikipedia.org/wiki/Iran
https://en.wikipedia.org/wiki/Sinai
https://en.wikipedia.org/wiki/Israel
https://en.wikipedia.org/wiki/Turkey
https://en.wikipedia.org/wiki/Afghanistan
https://en.wikipedia.org/wiki/Lebanon
https://en.wikipedia.org/wiki/Jordan
https://en.wikipedia.org/wiki/Syria
https://en.wikipedia.org/wiki/Armenia
https://en.wikipedia.org/wiki/Azerbaijan
https://en.wikipedia.org/wiki/Georgia_(country)
https://en.wikipedia.org/wiki/Tajikistan
https://en.wikipedia.org/wiki/Kazakhstan
https://en.wikipedia.org/wiki/Uzbekistan
https://en.wikipedia.org/wiki/Kyrgyzstan
https://en.wikipedia.org/wiki/Turkmenistan
https://en.wikipedia.org/wiki/Mongolia
https://en.wikipedia.org/wiki/Xinjiang
https://en.wikipedia.org/wiki/Pakistan
https://en.wikipedia.org/wiki/Denmark
https://en.wikipedia.org/wiki/Sweden
https://en.wikipedia.org/wiki/Ireland
https://en.wikipedia.org/wiki/United_Kingdom
https://en.wikipedia.org/wiki/Norway
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Middle Europe: 

Austria, Belgium Czech Republic, Germany, Hungary, Netherlands, Poland, Slovakia, 

Switzerlad 

Southeastern Europe: 

Albania, Italy,  Bosnia and Herzegovina,  Macedonia,  Greece, Bulgaria, Croatia. 

Montenegro, Slovenia, Sardinia, Serbia, Romania. 

Southwestern Europe: France, Spain, Portugal   

In Pakistan it widely occurs from plains to 14000 ft (Flora of West Pakistan, Vol 130: 

38-40). 

 

1.2.4 Morphology: 

Plant is perennial, Decumbent or prostrate and herb is woody basally. Branches 

are pubertal, densely so on young parts. Leaves orbicular, deeply cordate at base, 1-3 (-

4) cm long, 1-4(-6) cm broad, simple-stellate hairy above, stellate below, crenate, 

occasionally shallowly 5-lobed;stipules ovate-lanceolate, c.5mm long, c. 2 mm broad, 

scarious, margin ciliate; petiole 3-12 (-25) cm long, stellate; pubescent, dense so above, 

glabrescent below. Flowers axillary, generally 3 on 4 in fascicles, sometimes solitary, 

especially  on the lower branches; pedicel 1-3 cm long. The epicalyx segments are linear 

to linear-lanceolate, stellate pubescent, 3-4 mm long, c.l mm broad. Calyx is free to the 

middle, 5-8 mm long, stellate pubescent; lobes 3-5 mm broad, deltoid or triangular. 

Petals 10-13 mm long, 3-4 mm broad, oblong-obovate, retuse, claw hairy on the margin, 

pinkish or purplish. Stamina column 5-7 mm long, pubescent. Fruit depressed, 5-6 mm 

across; mericarps 13-15, pubescent, smooth margin usually rounded, 1.5-2 mm across in 

all directions. Seed dark brown, pubescent, reniform, 1 mm long and broad  (Flora of 

West Pakistan, Vol 130: 38-40). 

 

1.2.5 Edible Uses: 

The use of Malva neglecta as a vegetable is traced back to almost 3,000 years. 

The ancent poeple used leaves and shoots as cooking greens and salad ingredients, while 

the seeds were used in dishes or as snacks. In Pakistan Sonchal (saag) is cooked in 

Kashmiri style, in mustard oil and spiced mildly. It is a weed but often consumed as a 

food (www.wikipedia.com). 

https://en.wikipedia.org/wiki/Austria
https://en.wikipedia.org/wiki/Belgium
https://en.wikipedia.org/wiki/Czech_Republic
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Hungary
https://en.wikipedia.org/wiki/Netherlands
https://en.wikipedia.org/wiki/Poland
https://en.wikipedia.org/wiki/Slovakia
https://en.wikipedia.org/wiki/Switzerland
https://en.wikipedia.org/wiki/Albania
https://en.wikipedia.org/wiki/Italy
https://en.wikipedia.org/wiki/Bosnia_and_Herzegovina
https://en.wikipedia.org/wiki/Republic_of_Macedonia
https://en.wikipedia.org/wiki/Greece
https://en.wikipedia.org/wiki/Bulgaria
https://en.wikipedia.org/wiki/Croatia
https://en.wikipedia.org/wiki/Montenegro
https://en.wikipedia.org/wiki/Slovenia
https://en.wikipedia.org/wiki/Sardinia
https://en.wikipedia.org/wiki/Serbia
https://en.wikipedia.org/wiki/Romania
https://en.wikipedia.org/wiki/France
https://en.wikipedia.org/wiki/Spain
https://en.wikipedia.org/wiki/Portugal
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All parts of this plant, the flowers, leaves, fruit, seeds, stems, and roots are 

edible. Leaves and young shoots either raw or cooked have mild pleasant flavor.  They 

are considered to be highly nutritious. They can be added in to salads, and make an 

excellent sauce substitute.  They can also be cooked as saag. The leaves have a 

thickening effect, so when cooked in soups, they tend to thicken it. The seeds have 

pleasant nutty flavor and are edible raw or cooked. A tea can be made from the dried 

leaves. 

1.2.6 Ethnobotanical uses: 

Roman scholar Pliny, 2,000 years ago, suggested drinking a sip of mallow juice 

daily to prevent from diseases. The traditional uses of this plant as medicine include 

comforting skin rashes and reducing cough and also used to help contest colds 

accompanied by a sore throat, a dry cough and bronchitis because of its ability to make 

the removal of mucous secretions to the lungs. It has anti-irritant properties which make 

it helpful as well for treating roughness and tonsillitis. It has also been used to lessen 

inflammation in the respiratory and gastrointestinal systems. All parts of the plant are 

laxative. They help neutralize swelling, as well as soften and soothe the skin when 

applied locally (www.edibleweedsandthings.com). 

Malva neglecta is commonly used as a skin-soother. The leaves and flowers of 

plant are the main part used. The demulcent properties make them important as a 

poultice for skin damage, inflammations; insect bites etc, forming a protective layer and 

provide some pain relief. 

Their gel-like texture offers internal relief for constipation, coughing, stomach 

upset and as cure for irritation of the urinary and digestive system.  For children the 

plant is an excellent laxative. In laboratory testing, Malva neglecta has been proved to 

provide protection from trauma to the gastric system (www. Livestrong.com). 

1.2.7 Other uses: 

The dyes of cream, yellow or green colours can be obtained from the plant and 

the seed heads (Grae, 1991). The root of the plant is used as “miswak” (meaning a 

toothbrush). 
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1.2.8 Chemical composition: 

 

The leaves of common mallow are rich in vitamin A and vitamin C. They also 

contain calcium, magnesium, iron, potassium, Zinc and selenium 

(www.edibleweedsandthings.com).  The seeds contain 21% protein and 15.2% fat 

(Duke, 1985). 

 

 

  
  
  

 

 

 

  

 

http://www.edibleweedsandthings.com/
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  1.3  Viola ordorata 

 

 

 

 

 

 

Fig.1.3 Viola ordorata at flowering stage 
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1.3.1     Biological classification/ Taxonomy: 
 

Kingdom Plantae 

Order Malpighiales 

Family Violaceae 

Genus Viola 

Species V.odorata 

Common name Viola odorata 

                                                                                 (Ref: Flora of West Pakistan, 1972) 

 

1.3.2 Names in different languages: 

English name: sweet violet, common violet, wood violet 

Hindi name: Banafsa, Banafsha, Vanafsha 

Tamil name: Vayilethe 

Arabic name: Banafsaj, Albanafsaj allhelou 

1.3.3 Distribution: 

Found wild in Kashmir, Hazara and western Himalya of Pakistan and also in 

many areas of the world, e.g. South America, Australia, France, New Zealand, Italy, 

South and eastern Africa. It is cultivated as an ornamental plant in all over the world. 

1.3.4 Description: 

The flowers of Viola odorata of pleasant flavour are visible at February and 

continue flowering till April. 

The leaves of Viola have heart like shape, somewhat silky, particularly 

underneath, rising every other on stalks from a sliding rhizome or underground stem. 

The leave’s blades are turned round from every side in the middle into two tight coils on 

the face of the leaf. From the axils of the leaves, stalk of the flower come ups and it 

bears single flower, with two scaly bracts present a little above the mid of the stalk. 
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The name Viola is famed due to deep purple colour of its flowers. However, 

flowers of rose colour, lilac or white are also common and all these colours may 

occasionally be seen in different plants growing on the same bank. 

 Viola flowers bear five sepals which are attached at their bases and the five 

uneven petals. The lower one petal lengthens into a hollow spur beneath whereas the 

lateral petals are hairy with a central line. The others petals are joined into a tube round 

a capsule having three cells. The two lower ones possess spurs enclosed within the spur 

of the flower’s corolla. 

1.3.5 Part Used: 
 

Whole plant, leaves, roots and flowers. 
 
1.3.6 Ethno botanical uses: 
 

The herb is used as expectorant, diaphoretic and antipyretic. It is used in the 

form of “Sharbat” (syrup). Due to antibacterial and antifungal activities it is used in 

treatment of eczema. The flowers are emollient, demulcent and used to remove pain 

becaus cancerous growth. The leaves and seeds in large doses are cathartic. Violine is an 

emetic (Pharmacognosy, Google book, Amazon .com. page 1-54. 

https://books.google.com.pk/books?isbn=8196396155, 2009). 

  

1.3.7 Chemical composition: 
 

The leaves are found to contain alkaloid, essential oil and coloring matter. It has 

very pleasant flavor and used for high grade perfumes. The root stock contains saponins, 

a glycoside of methyl salicylate which is responsible for expectorant property, an 

essential oil and an alkaloid odorotine. Flower contains a substance violine, volatile oil, 

rutin and cyanin. It contains 1% concentrate responsible for highly pleasant fragrance of 

drug (Pharmacognosy, Google book, Amazon .com. page 1-54. 

https://books.google.com.pk/books/isbn=8196396155, 2009). 

 

1.4 PHYTOCHEMICALS: 

Phytochemicals are defined as the natural chemical substances found in plants. The 

colour and organoleptic properties of plants are due to some of these phytochemicals. For 

https://books.google.com.pk/books?isbn=8196396155
https://books.google.com.pk/books/isbn=8196396155
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example the smell of garlic and the deep purple colour of blueberries are because of 

phytochemcals. Many of them possess health protective properties and therefore has been used 

as medicines since long although they are not essential for life (Rouhi, 2003). People take 

tomatoes and tomato products which contain lycopene.  Lycopene is associated with decreased 

risk of chronic diseases like cancer and cardiovascular problems.  Phytochemicals also prevent 

cancer. They neutralize free radicals and modify the working of hormones in the body. Free 

radicals are short-lived chemicals which are derived from the oxygen containing compounds 

having damaging effects on cell structure, particularly cell membrane and DNA.  The plants 

and foods having anticancer properties include soybean, garlic, ginger, cabbage, carrots, 

parsley, and celery. The carotenoides present in carrots and citrus fruits have a lot of health 

benefits. They are associated with a lower occurrence of age-related macular degeneration, 

which is responsible for blindness in old age (Insel et al., 2004). 

Phytochemicals are complex chemical compounds which differ from plant to plant. For 

example, an Orange plant has more than 170 different phytochemicals. Plants contain plenty of 

phtochemicals because they are of benefit to plant life.  They help plants to resist bacterial and 

fungal attacks, damage from UV radiations of sun and the negative effects of free radicals (Insel 

et al., 2004). 

Many of the phytochemicals are classified as secondary metabolites. Secondary 

metabolites are organic compounds which are although not directly involved in the normal 

growth and development, or reproduction of an organism but help in growth and development. 

These compounds are further divided into following two categories. 

1.4.1 PRIMARY METABOLITES 

All plant cells contain primary metabolites which include proteins, sugars 

(carbohydrates), fats and oils. These are concerned with the basic biochemical reactions 

essential to all types of life. 

1.4.2 SECONDARY METABOLITES 

 
These are the compounds which are not essential for the plant’s growth and 

reproduction. Secondary metabolites may be more specific, and are generally characteristic to 

only one plant or species. Though their biological function is not always clear, but they are 

formed for some special function to perform. They are essential for the production and 
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endurance of the plant. Secondary metabolites of plants have been utilized by Human beings for 

several years. Some secondary metabolites are made to catch the attention of creatures which 

pollinate the flowers, dispense their seeds, save the plant from the harm effects of solar 

radiations, or act as ‘chemical signals’ that facilitate the plant to counter the environmental 

effects. Similarly there are some defensive or protective compounds which are designed to 

prevent or kill pathogenic organisms, potential competitors or predators (Huxley, 1992). Some 

of the secondary metabolites may play a role in avoidance of herbivores due to astringency 

(constriction of tissues) or they may act as phytoalexins that kill bacteria to which the plant 

feels threat. Plants possess an intricate system of defense against pathogens and pests by 

synthesis of low molecular weight secondary metabolites which have antimicrobial activity. 

These are produced in case of stress and collectivelt called Phytoalexins. Secondary compounds 

have also role in major interactions of plants and their biotic and abiotic environments that 

affect those (Facchini et al., 2000). Unusually they are among the phtochemicals that are 

commonly toxic to humans, and a numer of our drugs are formed from them. Digitalis and 

morphine, both secondary metabolites still being extracted from plants are the examples of such 

drugs that are in common use today.  

1.4.2.1 CLASSIFICATION OF SECONDARY METABOLITES 

Secondary metabolites have been divided into following classes on the basis of their   

structure and functions. 

a. Alkaloids 
 

Alkaloids are nitrogen containing compounds widely distributed in different plant 

groups. About 10,000 alkaloids have been isolated from plants. Nearly all alkaloids are alkaline, 

and most are optically active. Alkaloids are classically defined as being as plant derived, 

pharmacologically active, basic compounds derived from amino acids that contain one or more 

heterocyclic nitrogen atoms (www. wikipedia.com). 

People have been using alkaloids in the form of plant extracts for poisons, narcotics, 

stimulants and medicines for several years. Rasperine is a hypertensive agent, atropin is a 

smooth muscle relaxant, vinblastine is one of the antitumor alkaloid, cocaine is a local 

anesthetic and a potent central nervous system stimulant, and strychnine is a nervous stimulant 

(Cseke et al., 2006). One alkaloid that is a powerful insecticide is nicotine. Alkaloids are 
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common antibacterial, anti-malarial, cytotoxic and anti-cancerous agents (Wirasathien et al., 

2006). 

Alkaloids in plants serve as chemoprotective antiherbivory agents or as growth 

regulators, such as the well known plant hormone, indole-3-acetic acid, IAA (Buchanan et al., 

2000). 

b. Flavonoids 
 
Flavonoids are the imortant group of secondary metabolites of fungus and plants.The 

word “Flavus” is Latin word which means yellow as they have yellow colour in nature. 

Flavonoids are grouped into Flavones, Isoflavones, Flavonones, Flavonols, Flavonoids, 

Chalcones and Anthocyanins. They have anti-allergic, antimicrobial and anti-inflammatory 

properties (Cushnie and Lamb, 2005) and antiviral, anti-cancer activity, antineoplastic, anti-

thrombotic antioxidant and vasodilatory activities. 

c. Tannins 
 

Tannins are water-soluble oligomers, rich in phenolic groups, capable of binding or 

precipitating water-soluble proteins (Hagerman and Butler, 1989). The plans which contain 

high concentration of tennins are bitter in taste and not liked by the majority of feeders. 

Tannins possess strong antiviral (Lin et al., 2004) and antibacterial activities (Akiyama 

et al., 2001). They are the major components of most plant extracts. They serve as scavengers 

of free radical (Pulido et al., 2000). The anticancer activity of tannins through different 

mechanisms has been studied in the last few years (Bhagavathi, 1999). Yang et al., (1982) have 

reported the use of condensed form of tannins in China, where the medicines for treatment of 

burns include tannins containing plant extracts. Since tannic acid disturbs the digestive system 

of insects and the astringent taste of tannins repels animals and insects, it is assumed that they 

may inhibit growth of pathogens. 

Tannins are classified into following groups: 

1. Phlobatannins  or Condensed Tannins: 

These are not hydrolysed. When heated with HCl they give phlobaphenes such as 

phloroglucinol. 

Uses: Diarrhea, treatment of ulcers, astringents, and in tanning industry. 

2. Hydrolysable Tannins: 
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These can be hydrolyzed and upon heating with HCl or H2SO4 they yield Ellagic or 

Gallic acids. 

Uses: Astringent, wound healing antiseptics and constituent of triphala churna. 

(http://www.pharmaxchange.info) 

d. Saponins 
 

Saponins are high molecular weight triterpene glycosides. Saponins have the 

insecticidal, antibiotic, fungicidal properties. Saponins from ginseng are believed to be 

responsible for its immunostimulant and antinociceptive (pain relieving) properties (Naj et al., 

2000). 

e. Phenols 

Phenols are one of the most important antioxidants, which protect plants from oxidative 

damage. Phenols also protect human from oxidative damage and is disease preventive. Phenolic 

contents of most plants are responsible for their different colorations, for example berries, 

grapes and eggplant are blue, blue red and violet due to the presence of phenolic contents. 

Phenols block specific enzymes responsible for inflammation. They also protect platelets from 

clumping by modifying prostaglandin pathways.The vast majority of plant based aromatic 

natural products are phenols. Phenols constitute a large class of compounds in which a hydroxyl 

group (-OH group) is bound to an aromatic ring. Numerous classes of these compounds exist, 

including simple phenols, phenylpropenoids, flavonoids, tannins and quinines (Asfandyar, 

2012). 

Simple Phenols 

Most of the simple phenols are monomeric components of polyphenols and acids 

that make most of plant tissues, including lignin and melanin. Hydroquinone, catechol, orcinol 

and other simple phenols are found in relatively low concentrations (Buckingham, 2005). 

Phenylpropenoids 

Phenylpropenoids contains a three-carbon side chain attached to a phenol. Common 

examples include the hydroxycoumarins, phenylpropenes, and various types of 

hydroxycinnamic acids, including the caffeic and coumaric acids and coumarin (Asfandyar, 

2012). 
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f. Terpenoids/ Diterpenoid 
 

The largest class of secondary metabolites is Terpenoids. These are mainly cyclic 

unsaturated hydrocarbons having the general formula (C5H8) n made up of isoprene units linked 

together. They include terpenes, diterpenes and sesquiterpenes.  More than 22,000 terpenoids 

have been reported (Connolly and Hill, 1992). They are present in in bud exudates, leaf 

glandular trichomes and bark resins. They are subdivided on the basis of the number of five- 

.carbon (C5) units present in their structure into following; Tetraterpenes (Carotenoids): C40, 

Triterpenes: C30, Sesterterpenes: C25, Diterpenes: C20, Sesquiterpenes: C15, Monoterpenes: 

C10 and Hemiterpenes: C5. 

The terpenes in plants have both physiological and ecological functions. 

Allelopathy: 

It means that theyhave ability to inhibit the growth of competing plants. 

Insecticidal: 

Some of them have insecticidal properties. 

Help in pollination: 

Some of gthem catch the attention of insect pollinator. 

Phytohormones: 

Some important phytohormones are terpenes. Abscissic acid is one of the 

sesquiterpenes) (Srivastava, 2002). (The diterpene gibberellic acid is also one of the major plant 

hormones. More than 130 gibberellins were identified (Silverstone and Sun, 2000). 

Antibacterial and Antimalarial agents: 

Terpenoids are antimalarial and antibacterial agents (Kanokmedhakul et al., 2005). 

g. Triterpenoids 
 

Triterpenes are a class of chemical compounds composed of three terpene units with the 

Molecular formula C30 H48. The most important triterpenoids, include cardiac glycosides, 

saponins, steroids, common triterpenoid, steroids, laxatives and resins (www.wikipedia.com). 

h. Glycosides 
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A glycoside is a molecule in which a sugar is bound to another non-sugar group through 

a glycosidic bond.  The sugar group is known as “Glycon” and the non-sugar as “Aglycon”. 

There are many different kinds of aglycones for example, a terpene, a flavonoid, a coumarin or 

any other natural occurring product. The pharmological properties of glycosides are based on 

the structure of aglycone. Many biologically active compounds are glycosides. Many such plant 

glycosides are used as medicine (Kren & MartAnkov 2001). In animals and humans, poisons 

are usually bound to sugar molecules as part of their elimination from the body (www. 

wikipedia.com). 

Glycosides perform many important functions in animals and plants. Plants commonly 

stock up many chemicals as latent glycosides, which can be activated by enzyme hydrolysis. At 

the time of need, sugar part is broken down to ensure the availability of the required chemical. 

i. Cardiac glycosides 
 

Cardiac glycosides are useful in the treatment of cardiac arrhyhnia and congestive heart 

failure. These glycosides can be found in several plants, but also in some animals 

(http://en.org/wiki/Cardiac_glycoside). Cardiac glycosides are a group of different naturally 

produced compounds which can inhibit Na+/K+-ATPase. These drugs have been used for a long 

period to cure arterial arrhythmia and heart failure (Nature Reviews Drug Discovery 7, 926-

935 (November 2008)). 

Cardiac glycosides possess the Na+/K+-ATPase inhibitory as well as cytotoxic properties.  

There is an ion transport system in the cell which takes out Na+ ions from the cell and 

carries potassium ions into the cell. This mutual transportation of ions is essential for the life of 

a cell as the diffusion of Na+ ions into the cell and K+ ions out of the cell below their 

concentration gradients would decrease their concentration gradients across the cell membrane 

with the passage of time. The loss of these ion gradients results into cellular depolarization and 

loss of the negative membrane potential that is essential for normal cell functioning. In 

maintaining membrane potential, the Na+/K+-ATPase also plays an important role. This pump is 

electrogenic in nature as it moves three Na+ ions from the cell for every two 2 K+ ions that go 

into the cell. This adds many negative milli-volts to the membrane potential depending  upon 

the cell’s activity (http://www.cvpharmacology.com/cardiostimulatory/digitalis). 

 

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Glycosidic_bond
https://en.wikipedia.org/wiki/Enzymatic
https://en.wikipedia.org/wiki/Hydrolysis
http://www.cvpharmacology.com/cardiostimulatory/digitalis
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j. Coumarin 

Coumarin is common to numerous plants and is the sweet smelling volatile material that 

is released from the newly mowed hay. Coumarin has been used to cure lymphedema. 

Coumarin possesses multi-biological activities such as anti-hypertension, anti- arrhythmia, anti-

HIV, anti-tumor, antiosteoporosis, antisepsis, preventing asthma and pain relief. 

(http://www.raysahelian.com/coumarin.html). 

1.5 NUTRIONAL STUDIES: 

Foods contain many nutrients which provide energy, growth and repair, materials for 

bulding body tissuesand the compounds for regulation of body processes. These nutrients 

include water, minerals, proteins, carbohydrates, lipids and vitamins. Human body is unable to 

synthesize thes nutrients to filfull body’s needs (Asfandyar, 2012). 

1.5.1 Moisture contents 

Moisture content determines the percentage of water content present in any plant or food 

material.  It is determined to know the freshness of food, suitability for consumption, quality 

and stability for storage or shelf life for a longer period of time. Estimation of moisture content 

helps in the reduction of errors in the determination of actual weight of drug. 

The mold growth in natural products due to moisture content above the critical value 

may cause the interaction between the active components and the packaging material. Low 

moisture ensures the stability against degradation of herbal or food product.  

1.5.2 Ash Content 

After complete ignition of plant material the remaining part is known as ash content. 

Ash is of three types; the Total ash, Water soluble ash and an Acid soluble ash. These are 

determined by three different methods. The total ash method is to calculate the total weight of 

material remained after ignition. This value contains both the plant tissue derived ash or 

physiological ash and remainder of the unwanted external material attached to the surface of the 

plant (such as soil and sand) called the non-physiological ash.  The insoluble material acquired 

after ignition of acid boiled total ash is called Acid-insoluble ash. This determines the quantity 

of silica such as sand and siliceous earth present in the total ash.  The weight of Total ash minus 

weight of the residue obtained after dissolving Total ash in water is called “Water-soluble ash” 

(W.H.O: Quality control methods for medicinal plant materials (1998). 

http://www.raysahelian.com/coumarin.html
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1.5.3 Crude Lipid 

The mixture of fat soluble material found in a plant is termed as Crude fat. The general 

procedure for estimation of total crude fat depends on the solubility of fats in non-polar solvents 

such as petroleum ether, hexanes, or liquid carbon dioxide, sometimes adding a solvent 

modifier. The lipids include free fatty acids, monoglycerides, diglycerides, triglycerides, 

phospholipids, carotene pigments, fat soluble vitamins, chlorophylls and steroids etc. 

Lipids are the most heterogeneous group of organic compounds found in animal and 

plant cells and related to fatty acids. Lipids are soluble in certain organic solvents such as ether, 

alcohol and benzene and insoluble in water. Some lipids contain carbohydrates, phosphate and 

nitrogenous base in addition to fatty acid and alcohol (Malhorta, S. L., Postgrade 1978). 

Lipids are non-polar molecules that are insoluble or sparingly soluble in water, but 

soluble in ethanol, methanol, n-hexane, chloroform, benzene and diethyl ether. Lipids consist of 

fatty acids (free or bound) and their derivatives such as phospholipids, carotenoids, cholesterol, 

waxes, sterols, tocopherols and similar compounds. Lipids are stored in animals and plants in 

the form of triglycerides.  Lipids include fats (solid at 20 ˚C) and oils (liquid at 20˚ C). When 

most of the fatty acids in triglyceride molecules are all saturated, the material appears to be 

solid, and when most of the fatty acids are all unsaturated, the material appears to be liquid. The 

unique properties of lipids depend upon their solubility rather than their structural attribute. In 

Nature the lipids are linked with carbohydrates, proteins and other lipids. These linkages may 

be electrostatic and hydrogen binding (lipids and proteins); Van der Waals interactions (usually 

lipid-lipid); and covalent (lipids, proteins andcarbohydrates). Due to these different types of 

bond systems present in a complex cellular matrix, different physical and chemical treatments   

are needed for extraction of lipids.  

(AAFCO,2014;http://www.aafco.org/Portals/0/SiteContent/Laboratory/Fat_Best_Practices_Wo

rking_Group/Crude_Fat_Methods_Consideration). 

The factors which can have an effect on analysis of crude fat are the moisture content, 

extraction techniques and the sample preparation. Dry extraction and wet extraction are the two 

most common methods for determination of crude fat. In wet extraction method, water remains 

in the sample. 

Soxhlet extraction method is the common dry extraction method that is mostly carried 

out with anhydrous ether or n-hexane. It is general method for determination of crude fat in 

http://www.aafco.org/Portals/0/SiteContent/Laboratory/Fat_Best_Practices_Working_Group/Crude_Fat_Methods_Consideration
http://www.aafco.org/Portals/0/SiteContent/Laboratory/Fat_Best_Practices_Working_Group/Crude_Fat_Methods_Consideration
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herbal material and foods. In this technique the crude fat is extracted into ether which is 

evaporated at the end. The residue is weighed and reported as percent crude fat. 

 

1.5.4 Crude Fiber 

Fiber is that carbohydrate portion of plant which is not digestible. Due to fibrous 

structure these carbohydrates are named as fiber.  It forms structure of cells and its presence in 

our diet is beneficial for our health. The term Crude fiber is used to denote the remains of plant 

materials after extraction by a solvent followed by acidic or alkaline digestion. 

Since 1970 a new term Dietary Fiber is being used instead of fiber which is more 

suitable with respect to its importance for human health. Actually all food fibers may not be 

definitely fibrous in structure, so the correct term should be the non-digestible portion of plant. 

Crude fiber determines the quantity of non-digestible cellulose material, pentosans, lignin, and 

such types of other components preset in the foods. Although the nutritive value of these 

components  is generally very low but they are useful in sense that they  help excretion  and 

relieve constipation by providing the bulk  necessary for proper peristaltic movement of the 

intestinal tract. Fiber has capacity to attach to water and make softer the stool thereby helps 

eliminate waste from the gastrointestinal tract.  

Fiber is famous for providing several health benefits. It has potential in reducing the risk 

of chronic diseases like cardiovascular disease, obesity, diabetes, obesity, diverticulitis and 

hypercholesterolemia. Dietary fiber binds with bile acids and reduces the content of low density 

lipoprotein cholesterol within the blood. The lignin portion of fiber probably acts as the binding 

agent. 

1.5.5 Crude Protein 

Crude protein is the measure of approximate concentration of protein in plants and foods 

indirectly estimated by total percentage of nitrogen content in plants multiplied by a conversion 

factor 6.25).  However, while estimating the average percentage of nitrogen in the food proteins 

it should be noted that the measured result may contain a substantial error if the nitrogen from 

non-protein material present in the sample is also taken into account. Therefore, the crude 

protein content of a plant sample indicates the total nitrogen which also includes non-protein 

nitrogen (e.g.nitrates) along with the true protein.  It means that True protein quantifies only 
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the proteins in plants, whereas the term Crude protein includes the measure of all nitrogen 

sources as well as non-protein nitrogen having no nutritive value for humans. 

Proteins are fundamental part of vital organs, tissues, muscle, milk, skin, hair and enzymes. We 

need protein daily for growth, development, maintenance, reproduction, lactation and regulation 

of body process. 

1.5.6 Carbohydrates 

Carbohydrates constitute a large group of organic compounds found in plants and 

animals, foods and living tissues. They include starch, cellulose and sugars. They have 

hydrogen and oxygen in their structural formula in the same ratio of 2:1 as in water (H2O). 

Carbohydrates are when broken down in the body; energy is released which is used to carry on 

various processes of the body. There are two major functions of carbohydrates in plants. They 

provide energy for growth of plants and secondly furnish building blocks for the   structural 

components of plants, such as cellulose. The main functions of Carbohydrate are providing 

energy, storing food and acting as a framework in body. All animals including humans derive 

their food calories from carbohydrate present in diet.  

 

1.5.6.1 Functions of Carbohydrates: 

1.5.6.1.1 Carbohydrate functions as primary source of energy 

Oxidation process of carbohydrates offers energy to run various metabolic activities of 

the cells in all organisms. The details of energy production from carbohydrates are given as 

under: 

a. Specific enzymes hydrolyze polysaccharides such as glycogen and starch into 

glucose. 

b. In case of plants glucose is transported by cell sap and in case of animals through 

blood circulation from one cell to another cell. 

c. Glucose is finally oxidized into carbon dioxide and water. 

d. Energy released in oxidation process is used for functioning of the cells. 

 

1.5.6.1.2 Carbohydrate acts as storage food 
 

Carbohydrates of various kinds are kept as storage food in living organism. 

a. In plants starch, a polysaccharide carbohydrate acts as storage food. 
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b. In animals glycogen a polysaccharide is stored in liver and muscles acting as 

storage food. 

c. Inulin is storage food in garlic and onion. 

 

1.5.6.1.3 Carbohydrate functions as framework in body 
 

Some of the carbohydrates provide fiber and structural framework to give rigidity to the 

plants. Such types of carbohydrates are called Structural carbohydrates e.g.,   fibrous cellulose 

and hemicelluloses. These are not used for energy production. 

Among carbohydrates polysaccharides built structural frame work in living organisms.   

 
a. Cellulose, hemicelluloses and Pectin are involved in construction of cell wall of 

plant. 

b. Chitin   is involved in making fungal cell wall as well as arthropod’s 

exoskeleton, 

c. Peptidoglycan constitutes bacterial cell wall and also that of cyanobacteria. 

 

1.5.6.1.4 Carbohydrate acts as Anticoagulant 

 A polysaccharide called Heparin prevents intravascular clotting acting as anticoagulant. 

  

1.5.6.1.5 Carbohydrate acts as Antigen 

Carbohydrates in conjunction with proteins form Glycoproteins. Some antigens are 

glycoprotein in nature having immunological properties. 

 

1.5.6.1.6 Carbohydrate functions as Hormone 

Many hormones are glycoprotein in nature which help in reproductive processes for 

example, LH (Leutinizing Hormone) and FSH (Follicular Stimulating Hormone, involved in 

ovulation of females). 

 

1.5.6.1.7 Carbohydrates serve as industrial raw material  

Carbohydrates provide important raw materials to many industries like paper, lacquers, 

textile and breweries. 
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1.5.6.1.8 Miscellaneous Functions 

a.   Agar is polysaccharide which is used as food, laxative material and in media for 

microbial culture. 

b.  Cellulose acts as dietary fiber. It is involved in secretion of enzymes and stimulates   

peristalsis movement of intestinal tract. 

c.     Hyaluronic acid constitutes synovial fluid found in between joints acts and ensures 

frictionless movement. 

1.6  MINERALS ELEMENTS: 

Mineral elements or dietary minerals are needed by all living organisms other than the 

elements already present in the common organic compounds. Dietary fibre and minerals are 

important for healthy functioning of the human body. The mineral nutrition is an important 

aspect and its pivotal role in human life provides healthy growth (Hannah and Krishnakumari, 

2015). “A mineral is solid or liquid homogenous inorganic substance, which is a direct product 

of nature. The number of elements believed to be importance in biological material has been 

increased and at the present time there are about 60 elements identified to be useful for both 

plants and animals, these elements are largely of low atomic weights. 

The mineral elements present in the body are classified as: 

1.6.1 Principal Mineral Elements (Macro minerals) 

Those elements that our body needs in quantity greater than 100mg/day are known as 

principal or macronutrients. There are seven essential minerals: Calcium, Sodium, Magnesium, 

Potassium, Phosphorus, Chlorine and Sulfur. They constitute 60-80 % of all the inorganic 

material in the body. 

1.6.2     Micro Minerals 

Those elements that we need in amount less than 100mg/day are known as trace 

elements. These elements occur in living tissues in small amounts. They may be subdivided into 

three groups essential, possibly essential and nonessential, according to their dietary 

requirements in higher animals; examples of these subclasses are given below. 

a. Essential trace elements: Manganese, Cobalt, Fluorine, Molybdenum, Iron, Zinc, 

Chromium, iodine, Copper and   Selenium. 

b. Possibly essential trace elements: Nickel, Tin, Vanadium and Silicon. 
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c. Non-essential trace elements: Aluminum, Boron, Germanium, Cadmium, Arsenic, 

Lead and Mercury.” 

1.7   BIOLOGICAL STUDIES OF PLANTS 
 

1.7.1  ANTIOXIDANTS: 
 

Oxidation is a fundamental procedure through which the free radicals and the reactive 

oxygen species are generated in the living species as a result of oxidative metabolic reactions. 

The oxidative stress is associated with growth of various health problems such as 

cardiovascular disorders, inflammation, gastric ulcers, cancer and aging (Mety and Mathad, 

2011). Free radicals and ROS also originate destructive activities that may result into rancidity, 

changes of color, reduction in organoleptic as well as nutritive value of foods. 

Antioxidant compounds can beat oxidative stress induced problems, both in food as well 

as in living organisms.  They counteract the side effects of oxidative processes and thereby 

suppress the extent of such deteriorative reactions. They usually function through mechanism of 

reduction oxidation by donating electrons and thus reduce an oxidizing substance. There are 

several antioxidant compounds such as, enzymes, phenolics, vitamins and tocopherols which 

have an elemental role in the deterrence of various chronic health problems (Wojcik et al., 

2010). 

Antioxidants are compounds that save the body from injury of cell membrane and harm 

from free radicals to the genetic material of the cell. They are very important neutraceuticals on 

the basis of their health benefits and wide use in the food industry to prevent from lipid 

peroxidation (Scherer and Godoy, 2009). They are added in foods to prevent or delay oxidation 

of food, initiated by their exposure to air, light and temperature (Kumar et al., 2008).  

1.7.1.1 “Synthetic Antioxidants: 

Antioxidants which are manufactured synthetically called synthetic antioxidant. For 

example propyl gallate, Butylated hydroxyl toluene (BHT), tertiary butylated hydroquinone 

(TBHQ) Butylated hydroxyl anisole (BHA) etc. These are added in food as preservative. 

However, these synthetic antioxidants cause liver damage, carcinogenesis (Alam et al., 2012) 

and mutagenesis (Umamaheswari and Chatterjee, 2008). BHA cause carcinogenic as well as 

genotoxic effects and BHT is proved to exhibit hemorrhaging effect (Stankovic et al., 2011). 

Therefore, plant derived antioxidants have received a special attention (Mahmoud et al., 

2011).” 
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1.7.1.2 “Natural Antioxidants: 

Plants such as fruits, vegetables, herbs, spices and legumes provide a potential source 

for natural antioxidants (Iqbal and Bhanger, 2006). These natural antioxidants do not cause side 

effects (Alam et al., 2012) and possess antiviral, antibacterial, antiallergic, anti-inflammatory, 

vasodilatory and antithrombotic activities) (Oliveira et al., 2012). Natural antioxidant 

compounds are ascorbic acid, phenolics, carotenoids, tocopherols, flavonoids, tocotrienols and 

folic acid to prevent oxidation (Krishnaiah et al., 2007). These natural products are involved in 

decreasing the risk of cancer, diabetes, cardiovascular diseases and aging (Mahmoud et al., 

2011). Bioactive compounds mainly responsible for the health benefits are phenolic 

compounds (Chang et al., 2007). Among all the secondary metabolites produced by the plants, 

phenolic compounds are major group having antioxidant potential (Rafat et al., 2010). The 

antioxidant attributes of phenolic compounds may be due to their potential to scavenge free 

radicals and singlet oxygen (Sethi and Sharma, 2011), chelate metals and inhibit lipoxygenase 

(Chang et al., 2007).”  

These antioxidants are potent with respect to high biological activities which have 

ability to encounter dangerous effects of free radicals in the body. The antioxidant property of 

herbal products is mostly credited to phenolic compounds such as tannins, phenolic acids and 

flavonoids (Nagavani & Rao, 2010). Polyphenolic compounds such as flavonoids, flavones or 

flavonols have got great importance because their health protective effect against cardiovascular 

diseases by decreasing the oxidation of LDL and prevention of other diseases have been proved. 

An increased level of free radicals may cause pathological conditions such as Parkinson’s 

diseases, arthritis, asthma, inflammation, neuro-degenertion, ageing process, ischemia, 

mongolism, and dementia. People are in search of natural antioxidants to find effective, cheap 

and safe antioxidants, and for this purpose many research studies have been conducted. 

Medicinal plants are used as therapeutic drugs and the potential source of free radical 

scavengers.  

1.7.1.3 Analysis of Antioxidant activity: 

“Antioxidant activity is very important property for human life as many other 

biological activities may also originate from it such as anti-aging, anti-carcinogenicity and 

anti-mutagenicity properties (Sim et al., 2010). For the evaluation of antioxidant activity, a 

large number of methods have been developed. Oxidative stress process involves many active 

species and different reaction mechanism. That is the reason that there is no simple and 
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universal method which can be used for accurate and quantitative measurement of antioxidant 

activity. Generally, these methods involve the generation of a radical and the antioxidant 

ability of a sample against this radical is measured (Jindal et al., 2012).  Lu et al., (2012) 

suggested using more than one assay for the evaluation of antioxidant activity because a 

single assay does not give full description of antioxidant activity” 

1.7.1.4 “DPPH free radical scavenging assay: 

This method is direct and reliable for evaluating scavenging activity of free radicals. 

DPPH (1, 1-diphenyl-2-picrylhydrazyl) molecule is a stable free radical because its free 

electron delocalized over the whole molecule and do not dimerise like other types of free 

radicals. The characteristic deep violet colour is produced which can be identified by 

formation of absorption band at 520 nm after addition of DPPH solution to sample solution 

(hydrogen atom donar). The violet colour of DPPH changes to yellow because of reduction of 

1,1-diphenyl-2- picrylhydrazyl radical into 1,1-diphenyl-2-picrylhydrazine (reduced form). 

The yellow colour left is due to picryl group. 

 
Z• + AH = ZH + A• 

 

Where Z• is DPPH radical and AH is donar molecule. ZH represents as the reduced 

form of DPPH and A• as a free radical produced in this reaction and further reacts with 

another DPPH radical (Daud et al., 2011). The decreased quantity of DPPH molecules can be 

related with the available hydroxyl ions present on phenolic compounds (Umamaheswari et 

al., 2008).” 

 

DPPH assay is very popular method because it is very simple, practical, sensitive and 

stable method. DPPH can be used for the estimation of antioxidant potential of natural 

products of plants as well as microbial sources (Prabhune et al., 2013). This assay applied for 

both plant extracts as well as pure compounds (Aliyu et al., 2012). 

Fruits, vegetables, herbs, spices, nuts, seeds, stems, flowers, tea and red wine are 

potential sources of flavonoids (Huy et al., 2008). Flavonoids are further divided into several 

classes such as flavanols, flavanones, flavones, isoflavones, catechins, anthocyanins, 

proanthocyanidins (Huy et al., 2008; Lotito and Khoddami et al., 2013). 
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1.7.2 ANTIMICROBIAL ACTIVITY: 

Anti-microbial agents are definitely one of the most important discoveries of the 20th 

century in the field of medicines (Kamaraj et al., 2012). “Fungi, bacteria, viruses and 

nematodes cause serious infections in human beings throughout the world. Now- a- days 

these pathogenic microbes have become resistant to most of the antibiotics, because of 

careless use of these antimicrobial agents (Sharma et al., 2009). Thus it causes a great 

problem in treating the infectious diseases. Antibiotics also have a number of side effects. 

Staphylococcus aureus, a gram positive bacterium is said to be responsible for skin diseases 

such as pimples, boils and infection in wounds (Joshi et al., 2011). Although S. aureus is 

susceptible to some common antibiotics, there is still the need to find alternative drugs before 

it develop resistance to the current ones (Faruq et al., 2010).” 

To avoid chances of resistance it becomes necessary to search some antimicrobials 

from natural resources. Traditional plants and their extracts have been used for treatment of 

various diseases in history for several years. Some plant families showed antibacterial as well 

as antifungal activities. Plants produce compounds such as secondary metabolites which are 

active against pathogenic microbes (Huwaitat et al., 2013) having less side effects, low cost 

and better patient tolerance (Joshi et al., 2011). These compounds have low molecular weight. 

Plants produce them in much stressed conditions such as terpenoids, flavonoids, glycosteroids 

and polyphenolics present in different parts of plants for example seeds, bark, stems, roots, 

leaves, flowers and fruits. In response to microbial infection, plants synthesise these 

phytochemicals. Therefore, it is evident that they may be effective against a large number of 

micro-organisms (Panghal et al., 2011). 

Narayana et al., (2001) stated that phenolic acids and flavonoids exhibit appreciable 

activity against bacteria and fungi. The important characteristic of these plant products is 

their hydrophobicity, due to which these plant extracts can disturb the lipid portion of 

bacterial cell membrane thus destroying the cell structure and transforming them into more 

permeable form (Joshi et al., 2011). Doughari et al., (2008) also stated that the plants’ 

analysis for their antimicrobial properties gives useful results and shows that in so many 

plants we can found the biologically important compounds like phenols, alkaloids, long-

chained unsaturated aldehydes, peptides, essential oils and some other compounds which 

exhibit activities against viruses, fungi and bacteria. 

“Plant phenolics have a lot of defensive functions such as antibacterial and antifungal 

potential. Phenolic compounds present in the cytoplasm of the epidermal cells and on the 
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surface of plants, protect from pathogens. Phenolic acids such as pyrogallol and gallic acid, 

flavonoids such as rutin, myricetin and daidzein are significantly effective as antibacterial 

agents (Ferrazzano et al., 2011).” 

“The method of antimicrobial activity of secondary metabolites is not clearly known. 

Phenolic compounds exert antimicrobial activity primarily by their potential to act as non-

ionic surface-active agent, therefore, disturbing the lipid-protein interface or denaturing the 

proteins and inactivating of enzymes in the pathogens. Secondly, phenols alter the 

permeability of the membrane which results in inhibition of active transport and coupling of 

oxidative phosphorylation, and also loss of metabolites due to membrane damage (Manoj and 

Murugan, 2012).” Flavonoids may show their activity by inhibiting DNA gyrase, the 

cytoplasmic membrane function and β-hydroxyacyl-acyl carrier protein dehydratase enzyme 

(Paiva et al., 2010). Biological activities of phenolic compounds are related to their molecular 

structure; hydroxyl groups or phenolic ring (Nitiema et al., 2012). Disc diffusion assay is an 

easy and fast method for anlyzing antimicrobial activity in large number of samples (Abutbul 

et al., 2005). 

1.7.2.1 Extraction: 

Extraction is first important step for the characterization and isolation of bioactive 

compounds (Gupta et al., 2012). “Extraction method and choice of suitable solvent are very 

important for extraction purposes (Mussatto et al., 2011). Aim of extraction is to gain the 

medicinally active compounds and to remove the unwanted materials by using suitable 

solvents through standard extraction methods (Tiwari et al., 2011). Plants possess a variety of 

secondary metabolites as many as 200,000 compounds. Not every compound is found in 

every plant species. There are different classes of metabolites such as phenolic, flavonoids 

etc., having different physico-chemical properties (Krishnaiah et al., 2007).”  

Extraction of phytochemicals from plant matrices is greatly affected by various factors 

such as extraction procedures, solvent polarity, particle size and other extraction conditions 

(temperature, time etc.). Extraction solvent and technique are basic factors for optimization of 

extraction yield (Victorio et al., 2009). Therefore, suitable extraction methods have to be 

chosen for such a variety of compounds. The products obtained after extraction are mixtures 

of phytochemicals in semisolid, liquid or in dry powder form. Solvents penetrate into the 

plant matrices during extraction process and tend to dissolve the substances of same polarity 

(Tiwari et al., 2011). 
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1.7.2.2 Extraction solvents: 

The extent of extraction of bioactive compounds depends upon the type of solvents 

used for extraction. An acceptable solvent is that which is nontoxic, easy to evaporate at low temperature, 

has ability to absorb the sample rapidly, cannot dissociate the extract and acts as a preservative. Selecting a 

good a suitable solvent depends on many factors like nature of biologically active compounds to be isolated, 

knowledge of inhibitory compound and the rate of extraction.  

A wide variety of solvents such as methanol, n-hexane, chloroform, ethanol, ethyl 

acetate, acetone and water, etc are normally. Normally a single solvent is used for extraction 

but sometimes a mixture of two or more than two solvents is used for better extraction (Gupta 

et al., 2012).  Water, methanol and ethanol are considered as the best extracting solvents for 

polar compounds and chloroform for non-polar compounds (Krishnaiah et al., 2007). Water 

is used as a solvent by traditional people; however, different studies showed that plant 

extracts obtained from organic solvents show good antibacterial activities as compared to 

water extracts (Vaghasiya and Chanda, 2007). 

No single solvent can provide optimized recovery of phenolics because phenolics 

exhibit diversity in polarity, from hydrophobic to hydrophilic character. DMSO and 

ethylacetate can also be used for extraction but aqueous mixtures of ethanol, methanol or 

acetone are suitable for the extraction of a large number of phenolics in oats, soy, spices, fruits 

and vegetables. Solvent of low polarity and ethyl acetate can only soubise the compounds 

from dried plant material, while alcoholic solvents enhance extraction by rupturing of cell 

membranes so that intracellular materials also come out (Robards, 2003). 

Phenolics are not evenly spread at tissue, cellular and subcellular levels in the plants. 

They can be found in free, conjugated and polymeric forms or may exist by forming complexes 

with sugars. All these factors result in difficulty to optimize a single solvent for all the 

compounds (Salas et al., 2010). The solubility of polyphenols also depends upon the hydroxyl 

groups, molecular size and length of hydrocarbon. Addition of water in alcohols increases the 

polarity of the medium thus enhancing the extraction of polyphenols. For the extraction of 

polyphenols water is not suitable (Mohammedi and Atik, 2011). Chirinos et al., (2007) also 

reported that water proportion in these binary solvent should not be more than 50%. Jakopic 

et al., (2009) also described that selection of type and concentrations of the solvents is 

important for extraction of phenolic compounds of plants.  

Methanol and ethanol are good solvents for extraction of phenolic compounds from 

plant materials as compared to water. They degrade seeds and cell walls which have non polar 
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nature thus phenolic compounds are isolated from cells (Tiwari et al., 2011). Low Dog, (2009) 

described that ethanol is mostly used organic solvent by herbal drugs manufacturer because 

the finished products can be used safely by the consumers. Acetone can dissolve lipophilic 

and hydrophilic compounds from plants. It is quite suitable solvent for the extraction of 

antimicrobial compounds due to its less toxic and volatile nature (Das et al., 2010). 

“Lu et al., (2012) also studied the impact of different solvent systems on the 

antioxidant and cytotoxic activities of Actinidia macrosperma. They used methanol, hexane, 

water, chloroform and ethyl acetate as extracting solvents and found that highest TPC, 

antioxidant and cytotoxic activities were given by the methanolic extract. These activities 

depend upon phenolic contents. Methanol extracted more TPC so exhibited highest 

activities.” 

1.7.2.3 Extraction techniques: 

Extraction techniques have been widely used to obtain valuable natural compounds 

from plants for commercialization. The conventional methods of extraction are mostly based 

on the solvent choice, temperature or mixing to improve the solubility of matrices and thus rate 

of extraction. Sonication extraction is a potentially useful technology used on small as well as 

large scale in phyto-pharmaceutical extraction industry (Gupta et al., 2012). Sonication is the 

production of ultrasound waves with frequencies 20-2000 kHz which enhances the 

permeability of cell walls. In this extraction method, the grounded material is mixed with the 

appropriate solvent and kept into an ultrasonic bath. As the intensity of ultrasound is increased 

in the solvent, then it reaches at a point at which the intra-molecular forces cannot hold the 

molecular structure intact, so it breaks down and bubbles are produced. Break down of these 

bubbles can cause chemical, physical and mechanical effects which resulted in the destruction 

of biological membranes thus releasing more extractable compounds and also increasing the 

diffusion of solvent into cellular materials and improving the recovery of desired compounds. 

The main advantages of sonication are shorter extraction time, need of small amounts of 

material, minimum expenditure on solvents and the increase in extraction yield (Khoddami et 

al., 2013). 

Extraction through reflux is the most suitable and applicable method for extraction 

especially that of flavonoids. According to its procedure, the container is first heated and then 

heat is transferred through molecules into the solvent. Conventional extraction method is 

easier and cheaper than instrumental techniques. However, heating causes decomposition of 

bioactive compounds therefore, this method may not be appropriate for heat sensitive 
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compounds (Nikhal et al., 2010).  

 

1.8 IN VITRO ANTIDIABETIC STUDY OF PLANTS: 

The inhibition of carbohydrate digesting enzymes such as alpha-amylase and 

alphaglucosidase is one of the possible ways to control diabetes. Complex molecules of starch 

are hydrolyzed into oligosaccharides by α-amylase enzyme.  Oligosaccharides are hydrolyzed 

into monosaccharides and glucose by another digestive enzyme alpha-glucosidase. The extent 

and rate of glucose absorption can be reduced by inhibition of these enzymes producing 

postprandial anti-hyperglycemic effect. Five classes of conventional anti-diabetic drugs work 

on this principle but they have many side effects.  Therefore, new sources of herbal medicines 

as inhibitors of these enzymes should immediately be explored (Rege, A.A.S and Chowdhary, 

A.S, 2014). 

 

1.9 CYTOTOXIC ACTIVITY OF PLANTS 
 

1.9.1 Toxicity testing against brine shrimp: 
 

Michael et al., (1956) introduced the Brime shrimp lethality testing of plants. Artemia 

also called Brine shrimp is used for phtotoxicity analysis of plants. Artemia is also named as 

“sea monkeys” or fairy shrimp. The test was redesigned by Vanhaecke et al., (1981) and Sleet 

and Brendel, (1983). It depends on the capability of the test plant to destroy laboratory-cultured 

Artemia nauplii brine shrimp (Fig   1.4). For preliminary evaluation of toxicity this method is 

the very useful tool (Solís et al., 1993), and it has also been successfully employed to examine 

fungal toxicity (Harwig and Scott, 1971), toxin analysis of plant extracts (McLauglin et al., 

1991), pesticides (Barahona and Sánchez-Fortún, 1999), heavy metals (Martínez et al., 1999) 

and the compounds which are newly synthesized (Ansari et al., 2006 and Ahmad et al., 2008). 
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Fig. 1.4  Artemia nauplii brine shrimp 
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High concentrations of bioactive compounds are mostly toxic. A simple organism may 

be used in vivo lethality test for exploration, isolation and identification of biologically active 

natural products (McLaughlin and Rogers, 1998). The brine shrimp (Artemia salina) eggs are 

cheaper and simply accessible from pet shops. In the dry form they are effective for years. If 

they are kept in sea water, the hatching of eggs takes only 48 hours and produces a large 

number of larvae (nauplii) for experimental use. Many other  research reports have showed the 

successful application of the brine shrimp to test plants commonly used as pesticides (Fatope et 

al., 1993), plants used as  anticancer  agents (Mongelli et al., 1996), and tropical plants used 

medicinally (together with screening for larvicidal, fungicidal, and molluscicidal activity by 

Cepleanu et al., (1994). 

1.9.2 Phytoxicity testing against Lemna minor: 

Lemna minor is a species of Lemna (duckweed). It is an aquatic minor plant floating on 

the surface of freshwater having 1,2 or 3 leaves  and a solitary root  (1-2 cm long) hanging in 

the water. When leaves grow more, then the plants divide forming separate individual plants. 

The leaves of lamina are oval shaped with 1 to 8 mm length and 0.6 to 5 mm width with 3 or 

sometimes 5 light green veins with small air spaces to facilitate flotating.  Flowers are rarely 

produced with 1mm diameter consisting of a single ovule and two stamens. 

(www.wikipedia.com). 

Lemna growth assays are planned to determine why and how a chemical is toxic to green 

plants.  Duckweeds are also used in research to understand phytotoxicity of xenobiotic 

substances. This aquatic plant survives in almost all ecosystems of water, for example, lakes, 

streams and ponds. It may encounter air contaminants because it floats on the surface of water 

(Mohan and Hosetti, 1999). It has been observed that frond proliferation is stimulated by certain 

substances thus this test can be useful to discover plant growth stimulants. Moreover, growth of 

Lemna can be inhibited by natural antitumour compounds (Attaur-Rehman, et al., 1991). 
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Fig. 1.5  Lemina minor (Duck weed) 
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When phytotoxicity of the crude extract of the plants is assessed against the Lemna, 

Paraquat or Atrazine is prefered as reference growth inhibitor L. (McLaughlin et al., 1991). The 

samples are first incubated in the growth cabinet for about seven days then the percentage of 

growth is calculated with respect to the negative control.  Finney computer program is used to 

calculate IC50 is calculated with 95% confidence interval. 

AIMS AND OBJECTIVES: 

a. Determination of antibacterial and antifungal activities of the selected plants. 

b. Determination of cytotoxic activity of the plants through Brine Shrimps lethality 

test. 

c. Determination of phytotoxic activity using lemna minor plants. 

d. Determination of total phenolic contents. 

e. Analysis of antioxidant activity using DPPH method. 
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Chapter   2 

REVIEW OF LITERATURE 

2.1 Medicinal plants: 

Plants are an excellent source of medicines and they have been used since ancient 

times. These are different systems prevalent for curing varios diseases such as alopathy, 

homeopathy, Unani and Ayuvedic systems of medicines and these commonly depend upon 

plant material in one way or other way. The herbal drugs are accepted throughout the world 

due their efficacy, low cost and less side effects (Anil et al., 2012).  

The use of medicinal plants for drug synthesis begun from that time when initial drugs 

like quinine, codein, cocaine and digitoxin were prepared from herbal extracts. Morphine 

type drugs are still in clinical use (Butler, 2004). 

About 80% of the population of world use traditional drugs for treatment according to 

W.H.O reports (Kalim et al., 2010) and mostly such medicines are based on bioactive 

compounds present in plant extracts. There are substantial evidences that in urban areas 

where people enjoy latest healthcare services even then many patients depend on traditional 

folk medicines to fulfill their healthcare demands (Kilima et al., 1993).  It is due to a common 

consideration that these plant materials have no side effects and they are cheaper than 

synthetic drugs. 

Ethnobotany relies on the association of a society and its surroundings especially 

plants. It has very significant role in the enhancement of health care system in all areas of the 

world. The ethnobotanical research is aimed for documentation of knowlwdge about the 

indigenous plants (Ahmad and Husain, 2008). On the basis of ethnobotanical informations 

plant studies further analyze the plant species for phytochemical and biological activities. 

Hazara region of Pakistanis famous for indigenous medicinal plants and it provides a great 

scope for plant research. 

In developing countries, various types of edible wild plants are exploited as food 

source to provide supplementary nutrition to the people (Deshmukh and Rathod, 2013). 

Awan et al., (2001) reported traditional uses of 35 economical important plants of 

Chitral district, Malakand Division, Pakistan. They explained that the plant diversity was due 

to the difference in climate, altitude, microclimates and other topographical conditions. 
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The advantage of using medicinal plants is due to combined effect of secondary 

metabolites present in plant materials. The health benefit of medicinal plants may be attributed 

to a single compound or combination of compounds, a particular plant species or group of 

plants.  

The medicinal studies of plants are based upon several approaches; ethno-botanical 

evaluation is one of the common approaches which are used for screening the plants for 

pharmacological purpose. 

Antimicrobial compounds extracted from plants have vast therapeutic properties. They 

have been effectively used in the treatment of infectious diseases. They are assumed to have no 

side effects like synthetic antimicrobials. The combination of secondary metabolites present in 

the plant is the cause of their medicinal effects. The secondary metabolites include tannins, 

alkaloids, flavonoids, steroids, fatty acid gums and phenol compounds which have ability to 

produce specific physiological action. The secondary compounds are extracted from different 

parts of the plants and used in the treatment of fever, cold, cough, bronchitis, diarrhea, 

dysentery and cholera etc. 

The antimicrobial activities of plant extracts have been revealed by a number of 

researchers in almost all regions of the world.  Many indigenous plants have been proved a 

good and ultimate source of treatments against human pathogenic bacteria and fungi. The 

species of a variety of plant taxa, utilization of phytochemicals as antimicrobial agents and 

methodologies for antimicrobial studies have been reviewed for the present investigation. 

2.2 PHYTOCHEMICALS: 

Medicinal plants are excellent source of a number of bioactive compounds of 

medicinally importance. These compounds include phenolics, flavonoids, alkaloids, 

glycosides, saponins essential oils, mucilages and tannins present in all of roots, leaves, stem, 

bark and seeds. They have capability of healing various health problems of humans and 

animals (Adhikari et al., 2010).  It has been reported that the medicinal herbs possess 

considerably higher phenolic contents than vegetables and fruits and due to this fact they 

exhibit more powerful antioxidant activity (Cai et al., 2004). The mechanism of action of 

these bioactive compounds depends upon the chemical structure of the compounds and also 

environment (Matkowski et al., 2008). 

Abbasi and Guo (2015) reported that comparatively, water extracts of Pimpenella 

stewartii showed higher concentrations of phenolic contents than acetone extracts. Flavonoid 
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content was also maximal in water extract at 98.67 ± 0.14 mg Rt Eq/100 g FW, followed by 

flavonols, total phenolics and ascorbic acid. 

Ijaz et al., (2012) studied the antimicrobial activity of Nasturtium microphyllum  and 

Malva neglecta against bacterial strains of  Staphylococcus aureus, Escherichia coli, 

Salmonella typhi, Bacillus subtilis, Klebsiella pneumonia, and the fungal strains of Fusarium 

solani, Aspergillus niger, Aspergillus flavus and  Aspergillus fumigatus, They found that the 

tested plants exhibited good activity against nearly all of the bacterial and fungal strains; thus 

the plants could be useful for treatment of different infectious diseases. 

Toiu et al., (2008) analyzed some phenolic compounds from tinctures of Viola species  

using  air-dried flowering aerial parts, They reported  the content in polyphenol carboxylic acids 

(0.921%) , flavonoids (2.108%), and salicylic acid (91.83·10–3). 

Karioti et al., (2011) reported a method using liquid chromatography. Diode array 

detection (HPLC-DAD) technique attached to an electrospray ionisation (ESI) interface was 

designed for the analysis of the components in the aqueous extracts of Viola odorata L. The 

developed assay was speedy, quite easy and efficient. It could monitor the quality control of the 

preparations. The objective of this study was to assess the qualitative and quantitative profile of 

the tested samples, which has large applications in cosmetic and food industry.It offers an 

authenticated procedure for the quality control.  Anthocyanins were declared to be the 

characteristic constituents of Viola odorata flowers. 

Siddiqi et al., (2012) studied the antihypertensive as well as antidyslipidemic effects 

of extracts of Viola odorata leaves to find pharmacological basis for the remedial use of Viola 

odorata in high blood pressure and dyslipidemia through in vitro and in vivo   assays. The 

extract of Viola odorata leaves showed positive tests for detection of coumarins, flavonoids, 

tannins, alkaloids, phenolics and saponins. In anaesthetized rats, the extract showed a dose-

depending decrease in mean blood pressure of the arteries. The Viola extract not only 

controlled the increase in average body weights but also caused a considerable decrease in 

total cholesterol, atherogenic index, and LDL-C. However, it increased HDL-C in 

dyslipidemia model which was on high-fat diet. 

Rasool and Muhammad   (2013) estimated some plant secondary products in Viola 

odorata L., Urtica dioica L., and Melissa officinalis L. naturally grown in Hawraman-Kurdistan 

region of Iraq. The chromatograms of Viola indicated the presence of four major important 
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alkaloid components (isoquinoline, violine, luteolin-3-glucoronide and cycloviolacin) and the 

ten major important phenolic compounds (tannin, formic acid, chlorogenic acid, quercetin, 

caffeoyl-malic acid, zeaxanthin, anthocyanine, vanillin, coumarine and luetin epoxide). 

Jaber, B.M and Jasim, S. F (2014) reported that Viola odorata L. (Violaceae) is 

cultivated in Iraq and it is an important folklore therapy for the treatment of various health 

problems as antioxidant and antibacteria. They detected two phytosterol (Stigmasterol and β-

sitosterol) from the methanol extracts in seeds, roots, flowers and leaves by using TLC, 

chemical test and HPLC techniques. According to their findings, all the plant parts contained 

high amount of sterols. They noted high amount of Stigmasterol in flower but high amount of 

β-sitosterol in root. 

“Naveed et al., (2012) presented the ethnomedicinal, phytochemical and 

pharmacological profile of genus Viola. They described that the genus Viola (Violaceae) have 

about 500 species distributed far and wide throughout the world. In Pakistan, seventeen (17) 

different species of viola are abundantly found. Traditional healers have been patronizing 

various species of this genus in numerous disorders since time immemorial. A few species are 

already confirmed antibacterial, antifungal, antiplasmodial, antihypert-ensive, antidyslipedimic, 

anticancer, analgesic, antipyretic, anti-inflammatory, diuretic, anthelmintic, antioxidant, 

anticancer, anti-HIV and antiasthmatic etc. while many more are still needed to be addressed. 

Phytochemicaly, a variety of compounds have been isolated from different species of this genus 

like flavonoids, cyclotidealkaloids, salicylic acid, caffeic acid derivatives, and triterpenoids.”  

Mittal (2013) stated that useful material of medicinal plant can be used for therapeutic 

purpose. These substances can act as precursors for the making useful drugs.  No significant 

work has been reported regarding TLC- profiling of Viola odorata.The presence of 

phytochemicals can be detected by TLC profiling of plant extracts.   The selection of solvents 

with respect to polarity can be made easier with the information of different Rf (Retention 

factor) value for different phytochemicals. He used petroleum ether for extraction of Viola 

odorata  and according to his studies the HPLC report of Viola odorata indicated specific peaks 

at different retention time such as 18.174 (β-Sitosterol), 17.698 (Lupeol),  6.724 (Stigmasterol) 

etc. The peaks confirmed the compounds and distinctive fingerprints for each drug which could 

be helpful in herbal formulation. 

Skowyra  et al., (2014) studied the association among the extraction solvent, petal 

colour,  flavonoid, phenolic content, anthocyanin and antioxidant activity in three different 

varieties of Viola  wittrockiana (violet, red and yellow). They preferred HPLC-DAD-ESI-MS 
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for identification and estimation of anthocyanins and flavonoids.  Four different procedures 

were employed for evaluation of antioxidant activity. These were  the oxygen radical 

absorbance capacity (ORAC), the assessment of scavenging power against ABTS+ and DPPH 

free radicals and ferric reducing antioxidant power (FRAP). The violet coloured petals were 

best extracted in all types of solvents also exhibited higher flavonoid, total phenolic and 

anthocyanin content as compared to yellow and red petals. Total fourteen compounds were 

characterized by and mass spectrometry (ESI-MS) and HPLC coupled with diode-array 

detection (DAD) out of these 4 were anthocyanins and 10 were flavonoids. In Violet pensy the 

major compounds identified were violanin rutin and violanthin. They recommended that the 

aqueous extract of violet pansy could be used as functional food which would serve as best free 

radical scavenging agent. 

2.3 NUTRITIONAL STUDIES: 

 Abbasi and Guo et al., (2015) reported that Pimpinella stewartii is an excellent source 

of carbohydrates, proteins, dietary fibers and contains significant levels of K (6332 ± 56.1), 

Ca (3141 ± 47.0), Fe (1512 ± 18.7) and Mg (478.6 ±11.4) mg/kg. 

Iqbal et al., (1994) analyzed effect of cooking on the nutritional value of Malva neglecta 

and discovered that protein, fibre and ash contents increased with cooking, while no 

considerable difference was seen in fat content of fresh and cooked samples. Similarly 

significant increase in concentration of Zn, Cu, K, Mn Na P and Fe were observed in cooked 

sample. Among the macro elements both fresh and cooked samples had the maximum 

concentration of K, followed by Na, P, Ca and Mg as the major elements. In micro elements, 

iron had the highest mean value in both fresh and cooked samples. The contents of Ca, P, Mg, 

Fe, Cu, Mn and Zn of cooked samples were found to be significantly higher than the values of 

these elements in the fresh samples. 

Muhammad et al., (2012) investigated Viola betonicifolia (whole plant)  for various 

micronutrients such as chromium, copper, lead, lead, nickel, iron, zinc, cobalt, cadmium and 

macronutrients such as potassium, sodium and calcium using atomic absorption 

spectrophotometer and flame photometry respectively. They compared the amount of all tested 

metals were with the recommended limits. They observed that the concentration of chromium 

was greater than the recommended limits in almost all the tested samples.  They also conducted 

proximate analysis of the plant. Viola betonicifolia was rich in essential nutrients such as 

proteins (15.70%), fiber (39.01%), carbohydrates (21.42%), fats (18.70%) and vitamin C (150 
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mg/100 g). They concluded that Viola betonicifolia was an excellent source of various macro 

and micronutrients for human being and recommended its safe use as a nutritional supplement.” 

Abousabaa (2011) estimated the nutritional composition of the leaves of Malva 

parviflora and Sysimbrium irio. Antioxidant contents (total phenols vitamin C, beta-carotene, 

glutathione, and alpha-tocopherol), antioxidant activity, fatty acids, minerals (Na, K, Ca, P, Fe, 

Mg, Cu, Zn, and Mn were determined during plant development. Both plants were found to 

have large amounts of antioxidants, especially Malva parviflora, which reached levels of 

199.29, 88.37, 6.19, 6.01 mg/100mg wet weight of total phenols, vitamin C, alpha-tocopherol 

and beta-carotene respectively. Increase in the glutathione content was observed during leaf 

development i-e 4.85 and 4.84 mg/100gm wet weight for Malva parviflora and Sisymbrium 

irio, respectively. Malva parviflora and Sisymbrium irio leaves showed an antioxidant activity 

to a level of EC50=25.59+-0.05 and EC50=43.97+-0.17 respectively. Moreover, Malva 

parviflora was found to be rich in Fe, Zn, Cu, Mn and P wheras Sisymbrium irio to be a good 

source of Na,   K, Ca and Mg.  They reported that both plants contained moderate quantities of 

lineloic acid (omega-3) i-e 51.47mg/100gm weight for Malva parviflora and 13.32mg/100gm 

wet weight for Sisymbrium irio respectively. 

Griffin et al., (2015) estimated crude fiber in Malva sylvestris L samples collected from 

Malta and reported that the fibre content in stem  was 27.61% significantly higher than the  

percent fiber content in leaves (6.49%). 

Tabaraki et al., (2012) reported that the moisture, ash, fat, fiber and crude protein 

content in leaves of Malva sylvestris L contained 82.80-86.23 % moisture; 13.10-14.85 % ash; 

0.16-0.30% fat; 2.95-5.0% fiber; and 2.49-3.22% protein (percentage as fresh weight basis). 

Petioles of different samples contained 82.65-83.53 % moisture; 13.96-15.56 % ash; 0.1-0.2% 

fat; 3.50-5.48% fiber; and 2.88-2.92% protein. Fat and fiber were higher in leaves and petioles, 

respectively. Malva sylvestris L. Content of calcium and potassium in samples were very high 

(414.17-823.05 and 304.78-709.63 mg/100gfw, respectively). Calcium was the most abundant 

element in Malva sylvestris L. The other elements, in descending order by quantity, were Na, 

Mg, Fe, P, Zn and Cu. Results showed that, Malva sylvestris L. is good source of Ca and K. 

Sodium and magnesium were present in moderate amount (168.08-251.98, 65.55-177.48 

mg/100gfw, respectively), while Fe, P, Zn and Cu levels were low (2.99-4.39, 0.52- 1.04, 0.11-

0.34 and 0.17-0.30 mg/100gfw, respectively). Mineral content of Malva sylvestris L. was 

comparable with spinach. These values for Spinacia oleracea L. (Spinach) and Malva sylvestris 
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L. were Cu (0.05, 0.18 mg/100gfw), Zn (0.3, 0.27 mg/100gfw), Fe (1, 4 mg/100gfw), K (537, 

544 mg/100gfw), Na (94, 194 mg/100gfw), Ca (64, 643 mg/100gfw), Mg (55, 131 mg/100gfw). 

 

Erhatic et al., (2010)  reported that sweet violet (Viola odorata L.) blooms in continental 

climate conditions in early spring (March-April) with delicate flowers of attractive scent 

because of which it is frequently gathered from its natural habitats. Differences among the 

populations were established according to their morphological properties of twelve populations 

from Križevci area. Stated information indicates that the populations gathered from meadow – 

habitat are shorter and have a smaller diameter than the populations gathered from the habitat in 

forest, whereas the population from the orchards has the highest number of leaves and flowers. 

Correlation analysis shows strong (P<0.01) positive connection of the root mass, leaves mass, 

number of leaves with the total mass of the plants, as well as connection of the plant mass with 

the number of flowers. 

Chemical analysis established agrochemical soil properties and nutrient concentrations 

in plants. Correlations between the examined properties of violets and soil properties indicate 

that the potassium concentration in the roots is in strong (P<0.01) correlation with potassium in 

the soil, whereas phosphorus concentration in flower is in a considerably strong (p<0.05) 

positive correlation with the phosphorus in the soil. 

2.4 BIOLOGICAL STUDIES: 

 

It is supposed that healing ability of the plant extracts are basically related to the 

antioxidant action of the phenolic compounds naturally occurring in the plant (Heinonen et al., 

1999). Due to presence of phenolic compounds in plants and their antioxidant activity, the fruit 

extracts have beneficial effects against viral and bacterial infections, cardiovascular disease, 

immune disorders, cancer and neurogenerative disease. 

 Abbasi and Guo (2015) conducted Phosphomolibdenium complex assay (PMA) of 

Pimpenella stewartii and found that this plant showed highly significant total antioxidant 

capacity at 86.26 ± 0.53 µM AAE/100g FW for acetone extract, followed by % DPPH 

radical scavenging activity (62.39 ± 0.40), whereas in water extracts measured levels were 

highest for ferrous ion chelating activity and ferric ion reducing antioxidant power (FRAP). 

They reported that Pimpinella stewartii is rich source of nutrients and phenolic contents 

which is significant in vitro antioxidant properties. 
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Dalar et al., (2012) examined aqueous extracts of Plantago lanceolata and Malva 

neglecta. These plants were taken from eastern regions of Turkey. These medicinal plants 

showed remarkable antioxidant activity, comparable or superior to multiple herbs and Chinese 

medicinal plants. The levels of phenolic compounds are well associated with their antioxidant 

activities. Leaves and flowers or fruits are the main constituents of traditional herbal medicines 

which contained the highest levels of phenolics mainly hydroxycinnamic acids and flavonoids. 

This suggested that hydroxycinnamic acids and flavonoids act as physiologically active 

components of these traditionally used medicinal plants. 

Bouriche et al., (2011) worked on anti-inflammatory, free radical-scavenging, and 

metal-chelating activities of Malva parviflora. The results of their study demonstrated that 

Methanolic extract of Malve pariflora repressed the 57 percent ear edema stimulated by croton 

oil.  On the other hand the aqueous extract failed to show similar results. Moreover, both the 

Methanolic as well as aqueous extracts showed considerable activity by inhibiting 36 percent 

and 40 percent the acetic acid-induced vascular permeability respectively. However, they have 

shown the potential of scavenging free radicals with   IC 50 values of 89.03 ± 2.65 and 

76.67 ± 0.29 µg/L-1 respectively. Moreover, they also exhibited the dose-dependent ability of 

chelating ferrous ions. 

Tabaraki et al., (2011) analyzed the leaves and petioles of Malva sylvestris L for their 

proximate composition, fatty acid composition, mineral content, total flavonoids and mucilage. 

The antioxidant capacities of samples were estimated using Folin-Ciocalteu (FC), 2,2'-diphenyl-

1-picrylhydrazyl (DPPH), Trolox equivalent antioxidant capacity (TEAC) and ferric-

reducing/antioxidant power (FRAP) radical scavenging assays. The anti-nutritive compounds, 

tannin and nitrate were also quantified. The results showed that linolenic, linoleic, palmitic and 

oleic acids were measured more than 82% of total fatty acids in leaves and petioles. GC-MS 

analysis of methanolic extract revealed that 2-methoxy-4-vinylphenol was the major compound 

in the extract. Analysis of variance was showed that genotype and plant part were important 

sources of variability in the measured properties. Finally, antioxidant capacities of the Malva 

sylvestris L. were compared with spinach. 

Ebrahimzadeh et al., (2010) evaluated antioxidant activity and reducing power of leaves 

of Viola odorata and H. officinalis L, aerial parts of var. angustifolius, and C. speciosum 

flowers. The DPPH radical-scavenging were in increasing order of BH (113.1) with resepect 

toIC50. With regard to reducing power these were in ascending order of VO<BH<CS<HO. . IC50 

for scavenging of H2O2 were 663 µg/ ml for HO, 640 for VO, 175 for CS and 169 for BH. The 
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content of flavonoids and total phenolic compounds were also determined in these plant 

extracts. 

2.5 ANTIMICROBIAL ACTIVITIES OF PLANTS 

2.5.1 Antibacterial activities of plants: 

Syed et al., (1986) examined the antibacterial action showed by essential oils of 

Pimpinella stewartii, pimpinella acuminate & Pimpinella anisum against E.coli, 

Staphylococcus aureus, shigella dysentery, Salmonella typhi and vibroi cholera. The optical 

density at 530 nm was noted spectrophotometriclly and taken as an index of the growth of 

bacteria. The oil of Pimpinella anisum showed good inhibitory activity against all the 5 

pathogenic bacteria. Whereas Pimpinella stewartii inhibited the growth of Staphylococcus 

aureus only but it showed a prominent inhibitory effect against P.acuminate and Shigella 

dysentery. 

El astal et al., (2005) tested the antimicrobial activity of the different solvent extracts of 

parsley, sage and thyme. They reported that the phenolic extracts of sage and thyme exhibited 

antibacterial activity against Enterococcus sp and Staphylococcus aureus. The ethanolic extract 

of parsley showed maximum activity against E.coli but had no considerable effect on other 

G+ve organisms. The extracts of oils of thyme, parsley and sage failed to show any 

antimicrobial activity against Proteus mirabilis, Salmonella typhi and Escherichia coli. The 

results indicated that all three plant extracts have strong antibacterial activity against 

Staphylococcus aureus. 

Alwindy (2012) reported that Pimpinella anisum is used to control menstrual cramps as 

it has anethole which is a phytoestrogen. Its essential oil is suitable insecticide to kill mites and 

head lices. Pimpinella anisum oil showed strong in vitro growth inhibition of a large number of 

pathogenic bacteria as well as fungi. For example the acetone extract of Pimpinella anisum 

showed growth inhibition of Staphylococcus aureus bacteria and the well known fungal 

organism Candida albicans and a variety of other bacteria and fungi. 

Islam et al., (2007) analyzed antibacterial activity of Malve pariflora against bacteria 

Escherichia coli, Baillius subtilis, Staphylococcus and Proteus vulgaris. Antibacterial activity 

of hexane extracts was better than chloroform and aqueous extracts. 
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Gul et al., (2013) examined antimicrobial activity against Salmonella typhi, E.coli, 

Staphylococcus epidermidis, Pseudomonas, Klebsiella and Enterococcus. They reported that 

cold water extract of Viola oderata was effective against E.coli and Enterococcus, whereas no 

activity was exhibited against all other microorganisms tested. The hot water extract showed 

activity only against E.coli. The ethanol extract of Viola oderata showed activity against all 

microorganisms except K. pneumoniae and S.epi. Maximum activity was shown against 

Pseudomonas. 

Jaber and Jasim (2014) reported the presence of Stigmasterol and β-sitosterol in Viola 

odorata L. (Violaceae) cultivated in Iraq. These two phytosterols (Stigmasterol and β-sitosterol) 

were detected and identificated from the methanol extracts in roots, leaves, flowers and seeds 

by using chemical test, TLC and HPLC techniques. The results showed all the plant parts 

contain high amount of sterols the quantitative data revealed that the concentrations of 

Stigmasterol in Viola odorata were in roots (4.5mg/100g), in leaves (2mg/100g), in flowers 

(7.3mg/100g) and in seeds (2.4mg/100g) also the content of β-sitosterol in roots (9.2mg/100g), 

in leaves (3.2mg/100g), in flowers (5.3mg/100g) and in seeds (3mg/100g). Results showed high 

amount of Stigmasterol in flower while high amount of β-sitosterol in roo 

Gautam et al., (2012) evaluated the antibacterial activity of various extracts 

of Viola odorata against selected respiratory tract pathogens i.e. Haemophilus influenza  MTCC 

3826, Pseudomonas aeruginosa MTCC 2474, Staphylococcus aureus MTCC 

1144, Streptococcus pneumonia MTCC 655 and Streptococcus pyogenes MTCC 442. Plants 

were collected from Herbal Nursery, Prem Nagar Ashram, Haridwar, Uttarakhand and 

authenticated at Botanical Survey of India, Northern Regional Center, Dehradun. Properly 

washed and shade dried aerial parts of the plant material were crushed and extracted in pet- 

ether, acetone, methanol and water by means of Soxhlet apparatus. The antibacterial activity 

was examined by agar well diffusion method and the minimum inhibitory concentration (MIC) 

by twofold serial dilution method. Erythromycin was used as positive control to determine the 

sensitivity of the strains. The results showed that methanol extract was more active than other 

extracts in its antibacterial activity. The zone of inhibition exhibited by methanol extract against 

tested microorganisms ranged between 16 mm to 24 mm respectively. MIC values were 

recorded between 3.12 mg/ml to 12.5 mg/ml for all the organisms. Phytochemical analysis of 

methanolic extract revealed the presence of flavonoids, glycosides, alkaloids, steroids, saponins 

and tannins. The investigation supports a good response to the use of V. odorata in herbal 
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medicine and as a base for the development of new drugs and phytomedicine in rationale for its 

use in treatment of respiratory infectious diseases. 

2.5.2 Antifungal activities of plants: 

The in vitro fungicidal activities of Pimpenella anisum L based on Minimum Fungicidal 

Concentration (MFC) were determined by Yazdani et al., (2009) against dermatophyte and 

saprophyte Fungi. The Pimpenella anisum seed extracts showed Minimum Inhibitory 

Concentration (MIC) at 16 mg/ml concentration for 4 species namely Candida albicans PTCC 

5027, Trichophyton mentagrophytes PTTC 5054, Microsporum canis PTTC 5069 and 

Aspergillus niger PTTC 5011 but demonstrated no inhibitory effect on Aspergillus niger 

growth. The MFC recorded for Pimpenella anisum seed extracts was different from 8 to 256 

mg/ml but showed no any fungicidal effect on Aspergillus niger at the concentrations tested. 

The seed extracts of Pimpenella anisum showed high antifungal properties. The extracts of both 

I. verum and P. anisum at the concentration of 16 mg/ml affected all the tested fungi. The fruit 

extract of I. verum inhibited growth of Aspergillus niger at the same concentration of 16mg per 

ml. Aspergillus niger is well known saprophytic fungus which is involved in production of 

mycotoxin in foods. 

Kosalec et al., (2005) studied Pimpinella anisum L for antifungal activity testing fluid 

extract and essential oil of fruits on clinical isolates of four dermatophytes species and seven 

yeast species. The broth dilution method as well as Diffusion method was used for antifungal 

activity testing. Anise fluid extract showed antimycotic activity against Candida albicans, C. 

krusei, C. tropicalis, C. pseudotropicalis and C. parapsilosis with MIC values between 17 and 

20% (V/V). No activity was noticed against C. glabrata, and anis fruits extracts showed growth 

promotion activity on Geotrichum spp. Anise fruits extract inhibited the growth of 

dermatophyte species (Trichophyton rubrum, T. mentagrophytes, Microsporum canis and M. 

gypseum) with MIC values between 1.5 and 9.0% (V/V). Anise essential oil showed strong 

antifungal activity against yeasts with MIC lower than 1.56% (V/V) and dermatophytes with 

MIC lower than 0.78% (V/V). Significant differences in antifungal activities were found 

between anise fluid extract and anise essential oil (p < 0.01). Anise essential oil exhibited 

stronger antifungal activities against yeasts and dermatophytes with MIC values between 0.10 

and 1.56% (V/V), respectively. Keywords: anise, anise fruit, Pimpinella anisum (Apiaceae), 

fluid extract, essential oil, antifungal activity, Candida, dermatophyte. 
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Antifungal activity of Malva pariflora against Aspaergillus niger and, Aspaergillus 

oryzae was investigated by Islam et al., (2007). Male albino showed severe irritation when the 

extracts of hexane, chloroform and aqueous used on their ear. Antimicrobial activity of hexane 

extract was better than chloroform and aqueous extracts. 

Hammami et al., (2011) examined the essential oil and methanol extract of Viola 

odorata L. for antifungal activity against Botrytis cinerea in vitro on Petri plates and liquid 

culture, and under storage conditions. The essential oil composition of Viola odorata L. flowers 

were investigated by GC/MS with 63 identified volatile constituents. Phenyl butanone, linalool, 

benzyl alcohol, α-cadinol, globulol and viridiflorol were found to be the major components, 

respectively. The oil showed strong antifungal activity based on the inhibition zone and 

minimal inhibitory concentration values against the pathogen on Petri plates assays. The very 

low concentrations of them also reduced wet and dry mycelium weight of pathogen fungus in 

liquid culture. When the oils at 25, 12.5 and 6.25 µl/ml concentrations were applied to tomatoes 

before seven days of pathogen inoculation on storage conditions, the decay on fruits caused by 

the pathogen could be prevent completely. The results in this study showed that the essential oil 

of Viola odorata L. flowers had strong antifungal activity against pathogen fungi tested. So, the 

essential oil of Viola odorata L. could be used for management of this pathogen as a potential 

source of sustainable eco-friendly botanical fungicides 

2.6 IN VITRO ANTIDIABETIC STUDY OF PLANTS: 

Medicinal plants are potential source of pharmaceutical drugs that cause more 

physiological effects and lesser side effects. They show antioxidant, anti-tumour, antidiabetic, 

anti-hepato-toxicity, cytotoxic and antimicrobial activities (Kalim et al., 2010).  Medicines 

prepared from plant materials have attracted attention of the people because they are 

extracted from natural plant sources and are very much effective to cure various diseases.  

The return to the herbal drug therapy is the order of the day (Sen et al., 2010). 

Rajeshwari et al., (2011) conducted comparative studies for determination of 

antioxidant, hypolipidemic and antidiabetic properties of coriander and aniseeds. They 

reported that the tested the seeds appreciably showed to have all these properties without any 

harmful effects. They possess these activities due to presence of many vitamins, 

phytochemicals and minerals in their seeds which have therapeutic functions. Their 

hypolipidemic, antidiabetic and antioxidant activities are because of synergistic effect of the 

biologically compounds. 
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Tae J. Y and Song C.H (2011) reported that ethanolic extract of seeds of M. 

verticillata enhanced glucose uptake in L6 myotube cells by stimulating signaling and 

increasing phosphorylation level of AMP-activated protein kinase enzyme and acetyl-CoA 

carboxylase. 

Elhassneen et al., (2013) investigated the effect of sweet violet (Viola odorata L.) 

blossoms powder (SVBP) on liver and injuries of rats injected with carbon tetrachloride 

(CCl4). After 28 days, liver and kidney functions as well as serum lipid peroxidation were 

determined. The results indicated that treatment of animals with CCl4 caused a significant 

increased (p≤0.05) in liver functions (AST, ALT and ALP activities), kidney functions (urea 

and creatinine levels) and serum lipid peroxidation (malondialdehyde level, MDA) compared 

to normal controls. Supplementation of the animal diets with SVBP (0.2 to 1.6 g/100g) 

prevented significantly (p≤0.05) the rise of mean serum AST, ALT and ALP activities; urea, 

creatinine and MDA levels. The rate of preventative was increased with the increasing of the 

SVBP supplementation level. It could be concluded that SVBP was effective in protecting 

against CCl4-induced liver and kidney injuries. They recommended that sweet violet 

blossoms, by a concentrations ranged 0.2-1.6 % amount to be included in our daily diets, 

drinks and food supplementation. 

 

2.7 CYTOTOXIC ACTIVITY OF PLANTS 

2.7.1 Toxicity testing against Brine Shrimp: 

Alluri et al., (2006) conducted biological screening of medicinal plants collected from 

Eastern Ghats of India using Artemia salina. They reported that the degree of lethality was 

concentration dependent. Maximum mortality was seen at a level of 1000 µg/ml and the lowest 

at 10 µg/ml. Brime shrimp lethality LD50 for aqueous extracts of whole plant of Viola odorata 

after 24 hours was found at a concentration of 800µg/ml. 

Brookes et al., (2010) found that mixtures of local plants are traditionally used to treat 

infectious diseases. The authors hypothesized that 2-plant mixtures would exhibit lower toxicity 

than the individual plants, and tested this using brine shrimp toxicity assays in three 2-plant 

mixtures (Pimpinella anisum/Mentha spicata, Tagetes filifolia/Mentha spicata, and Apium 

graveiolen/Petroseliumum crispum). Serial dilutions of plant extracts were added to brine 

shrimp, and the dead shrimp were counted one day later. The LC50, the concentration necessary 
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to kill 50% of the shrimp, was calculated from percent survival curves. LC50 values for 

Pimpenella anisum and Mentha spicata ranged from 1.34 ± 0.54 (n=20) mg/mL and 0.97 ± 0.23 

(n=8) respectively in the tested plant extracts. 

Jagdesh et al., (2015) conducted Brime Shrimp Assay for Moringa oleifera, Viola 

odorata, Allium sativum and found that the extracts had showed LC50 values like 24.81, 43.55, 

2.72, 11.26, 3.60 and 1.50 ug/ml respectively. They claimed that the plant extracts were 

showing significant cytotoxicity due to the presence of some potent phytochemicals. 

Bussmann et al., (2011) examined toxicity of medicinal plants used in traditional 

medicine in Northern Peru and reported that Malva sylvestris and Malva sp showed cytotoxicity 

of LC50 >10.000 µg/ml. 

2.7.2 Phytoxicity testing against Lemna minor: 

Duckweed (Lemna minor L.) floats on the surface of water. It is an aquatic plant 

surviving in many types of aqueous environment such as ponds, lakes and streams. As it floats 

on the surface of the water, it is faces contaminants of both air and water. Lemna minor test is 

therefore employed also for testing presence of contaminants, including herbicides, phenols and 

heavy metals (Vujevic et al., 2000). 

Muhammad and Saeed (2011) examined Viola Betonicifolia whole plant for the 

phytotoxic activity in crude and extracts of all other solvents using Lamna minor plant at the 

dose of 1000, 100 and 10µg/ml in different solvents. After evaporation of the solvent 20 ml of 

E. medium were introduced to each flask. E. medium and Atrazine, a standard drug was taken 

as negative and positive control. A wonderful phytotoxic activity was observed against butanol 

fraction with 83% inhibition while the ethyl acetate produces 73% growth inhibition. There was 

no complete inhibition seen by any fraction. All other fractions were weak phytotoxic. 

Using the Lemna assay, it is observed that natural antitumour compounds can inhibit 

Lemna growth. In addition, it was also discovered that some substances stimulate frond 

proliferation, and the assay may be useful to detect new plant growth stimulants (Attaur-

Rehman, et al., 1991). 

A large number of researchers investigated the phytotoxicity of various medicinal plants 

such as Khan et al., (2002) reported that seed oil of Abroma augusta inhibited the growth of 

Lemna aequinoctialis. 
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Allan and Adkins (2005) reported that Chamaesyce hyssopifolia, Melaleuca 

quinquenervia, Acacia farnesiana, Ageratum conyzoides and Alphitonia excelsa showed 

phytotoxicity against Lemna aequinoctialis. 

Hussain et al., (2009) reported that n-butanol, hexane, chloroform and water extracts of 

Nepeta juncea exhibited small phytotoxic effect against L. minor. 

Khuda et al., (2012) reported the phytotoxic activity of chloroform fractions from 

Achyranthes aspera and ethyl acetate fraction from Duchesnea indica. 
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   Chapter 3 

Materials and Methods 
 

The lab work presented in this thesis was conducted in different Laboratories of 

Pakistan such as COMSATS, University of Information Technology Abbottabad, NIFA, 

Peshawar, and Agriculture University Peshawar. The investigated plants are given in the Table 

3.1. 

Table 3.1  Selected medicinal plants from Hazara, Pakistan 
 

Sr. 
No. 

Biological 
name 

Family 
name 

Local 
name 

Voucher 
No. 
              1 Malva 

neglecta 
Malvaceae Sonchal 5292 

             2 Pimpenella 
stewartii 

Apiaceae Tarpakhi 5293 

             3 Viola odorata Violaceae Banafsha 5294 

 

 

3.1 Plant Collection: 

           Three fresh plants namely Pimpenella stewartii, Malva neglecta and Viola ordereta were 

collected during different seasons from different regions of region of Hazara Khyber 

Pakhtunkhwa, Pakistan. The plant materials were taxonomically identified and authenticated 

from Hazara University Harbarium, Mansehra, Pakistan.  The Voucher numbers of the plants 

were obtained from Herbarium. 

3.1.1 Drying of plant samples: 

The whole plant materials were washed with distilled H2O and shade dried. The well- 

dried plant material was subjected to grinding by means of electromechanical grinder. The 

resulting fine powder was kept in air tight bottles at 4 ͦ C after proper labeling for use in future. 

3.1.2 Plant Extracts Preparation: 

Plant materials were finely grinded to powder by using a blender. Fifty grams of each 

plant material in powder form was weighed in an Erlenmeyer flask of 500 ml to which 200 ml 

of ethanol (96%) and distilled water in the ratio of (20:80 v:v) was added for pre-extraction. 
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The Erlenmeyer flask was placed in dark for three days in room temperature. The mixture was 

filtered using Whatman No. 1 filter paper and then through Bacterial filters. The filtrates were 

kept at to 60 ºC in water bath for 30 min for ethanol evaporation. The filtrates were kept at 4 ºC 

until use. 

3.1.3 Hot water extraction: 

In a beaker 5gm finely powdered dried plant material was soaked in 200ml distilled water. 

This mixture was heated with constant stirring at 30-40 ºC for 20 minutes on a hot plate. Then 

the aqueous extract just obtained was filtered through a filter paper.  The filtrate was kept in 

refrigerator to be used for the phytochemical analysis.  

3.1.4 Solvent extraction: 

Soxhlet apparatus was used for extraction of crude plant. For this 20 grams of each 

powdered plant samples were placed in thimbles and extracted separately with 250 ml of 

different solvents. The selected organic solvents included acetone, methanol and ethanol. 

Extraction continued for more than 24 hours until the solvent in the extractor tube looked 

colourless. The extract was put on hot place at 40 ºC in order to evaporate solvent completely. 

The dried plant extracts were labeled and preserved at 4 ºC. 

3.2 METHODS 

3.2.1 PREPARATION OF SOLUTIONS/REAGENTS 

All the chemicals were of analytical grade. 

The solutions were made by following the methods described by Agoreyo et al., 2012. 

a. Potassium Permanganate (KMNO4) Solution (5%): 

5g of potassium permanganate was dissolved in 95ml of distilled water. 

b. Meta phosphoric acid (H3PO4) (3%): 

3g of meta-phosphoric acid was dissolved in 15ml of acetic acid with shaking and the 

volume made up to 100ml using distilled water. 

c. Dye Solution: 

50mg 2, 6 dichloroindophenol dye (sodium salt) and 42g of sodium bicarbonate were 

dissolved in 150ml of hot distilled water.  The mixture was cooled and volume made up to 
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200ml using distilled water. It was stored in refrigerator for future use but standardized before 

use. 

d.       Sodium Molybadate Solution: 

12.4g of sodium molybdate was dissolved in 10N sulphuric acid and volume was made 

up to 500mL with this acid. 

e.       Hydrazine sulphate Solution: 

In deionized water 1.5g of Hydrazine sulphate was dissolved and diluted to 1 litre in a 

volumetric flask. 

1ml = 0.05mg 

f.          Standard FeCl3 in N HCl Solution: 

A solution of FeCl3 in 1 N HCl was made and the amount of Fe+++ was determined 

gravimetrically. By suitable dilution with 1 N HCl a solution containing 0.5mg of Fe+++ per ml 

was prepared. 

g.         Potassium Thiocyanate (KCNS) Solution (10%): 

            10g of KCNS was dissolved in 90 mL of distilled water. 

h.         Indole Reagent: 

100mg of indole was dissolved in 100ml of concentrated sulfuric acid. The reagent was 

freshly prepared daily to get best results.  

i. Standard oxalic acid Solution: 

A stock oxalic acid solution was prepared by dissolving one gram in 100mL of 1 N 

suphuric acid. From this stock solution various oxalic acid standards (1.00-100mg/ml) were 

prepared by dilution, with 1 N sulphuric acid. Sodium oxalate can also be used in place of 

oxalic acid. 

j.         Folin-ciocalteu Reagent: 

25grams of sodium molybdate and 100grams of sodium tungstate were dissolved in 

700ml of distilled water. To that mixture, 50ml of 85% phosphoric acid and 100ml of 

concentrated HCl were added. The mixture was refluxed for about 10 hours. After that 150g of 

lithium sulphate, a few drops of bromine and added 50 ml of distilled water. To remove the 

excess of bromine, the mixture was boiled for 15 minutes, cooled and volume made to 1 litre 
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with water and filtered. The reagent was yellow in color which was placed in a refrigerator till 

further use. If the reagent is greenish it is not recommended for use.  It is then boiled with few 

drops of bromine to recover the reagent. The concentrated reagent was diluted with two 

volumes of water just before use. The preparation was carried out in fume cupboard. However, 

the commercial reagent is also available in the market. 

k.  Potassium ferricyanide (KFe (CN) 6 Solution (1%): 

1.0g of potassium ferricyanide was dissolved in 100mL of distilled water. 

l.   Trichloroacetic acid (CCl3COOH) Solution (10%): 

10g of trichloroacetic acid was dissolved in 100mL of distilled water. 

 

3.3 QUALITATIVE PHYTOCHEMICALANALYSIS: 

 

           Qualitative phytochemical analysis of plant extracts was carried out for the presence of 

bioactive compounds by using standard procedures to identify the constituents as described by 

Harborne,  (1973)  and Parekh and Chanda (2007; 2008). 

 

a. Alkaloids: 

One percent Hydrochloric acid was added to the plant extract, warmed and then filtered. 

Six drops of Dragendroff reagent were added to one ml of filtrate separately. The orange or 

cream coloured precipitate showed the presence of alkaloids. 

b. Flavonoids and Flavones: 

The extract was washed with petroleum ether to check the presence of flavanoids and 

flavones. The defatted residue was suspended in 80% of ethanol and then filtered which was 

used for the following tests; 

a) In a test tube 3 ml of the filtrate was mixed with 4ml of 1% Aluminuium chloride prepared in 

methanol. Appearance of yellow colour specified the presence of flavanols and flavones. 

b) 3 ml of the filtrate was mixed with 4ml of 1% Potassium hydroxide. A dark yellow colour 

showed the presence of flavonoids. 
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c. Tannins: 

The plant extract in a test tube was first boiled in distilled water and filtered.  To the 

filterate 1% Ferric chloride was added to the filtrate.  The appearance of blue-black or brownish 

green colour pointed out the presence of tannins. 

 

d. Saponins: (Frothing test): 

The plant extract is soaked in distilled water and boiled. The mixture is cooled and 

shacked forcefully. The formation of stable and constant froth indicated the presence of 

saponins in the sample. 

 e. Phenol: 

The phenols were detected by using Ferric Chloride test and its presence was confirmed 

in all three plant materials. 

f. Diterpenoid 

The plant extracts were dissolved in distilled water. Then three drops of a solution of 

copper acetate was added to it. The development of emerald green colour confirmed that 

diterpenes were present in the tested plant material. 

g. Terpenoids (Liebermann-Burchard reaction): 

The presence of terpenoids in the plant extract was observed by dissolving the extract in 

chloroform followed by filtration. Acetic acid equal to the volume of filtrate was added. A drop of 

conc. Sulphuric acid was also put in the mixture. A beautiful blue-green ring appeared showing the 

presence of terpenoids in the sample.  

h. Glycosides 

To investigate the presence of glycosides, the well known Legal’s test was applied.  

According to this method, a small quantity of pyridine  with 2 drops of nitroprusside were put 

into to the plant extract and then added a drop of 20% sodium hydroxide solution. A deep red 

colour was appeared indicating the presence of glycosides in the sample. 

i. Cardiac Glycosides (Keller–Kiliani Test): 

The cardiac glycosides are actually steroidal compounds having strong and very precise 

activity for cardiac muscle. To identify cardiac glycosides in the tested sample, 1% FeCl3 along 
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with glacial acetic acid was added to the plant extract. Then 1mL of conc. H2SO4
 was gradually 

introduced. A green-blue color appeared indicating the presence of cardiac glycosides. 

j. Couramins: 

For analysis of couramins in the plant material, plant extract in a test tube was wrapped 

in a filter paper which was previously moistened with 0.1 N Sodium Hydroxide solutions. Then 

the test tube was allowed to stand in boiling water bath for a few minutes. Thereafter, the filter 

paper was detached. The filter paper was then exposed to UV light and examined the yellow 

florescence which revealed the presence of couramins. 

3.4 NUTRITIONAL ANALYSIS: 

A wide variety of complex organic and inorganic compounds are needed to human 

beings in the form of diet for proper functioning of the body. The diet is composed of a mixture 

of water, minerals, carbohydrates, proteins, fats and vitamins. Among these components of diet 

everyone is essential to perform its specific role in the body and deficiency of each component 

may cause abnormality as well as deficiency disorder (Zafar et al., 2010). Nature has bestowed 

plants with all the essential elements required to human beings. Each element has importance 

with respect to its nutritional requirement. Some of the elements are necessary for structure 

development, for growth and reproduction or as vital constituents of bioactive molecules 

whereas some others have other important functions (Newall et al., 1996). 

 Three different indigenous medicinal plants Malva neglecta, Pimpenella stewartii and 

Viola odorata  were studied for  a number of parameters such as  moisture content, ash content, 

carbohydrates, crude protein,  total dietary fiber, total lipid. The standard A.O.A.C (1990) 

methods were employed for determination of Moisture content, ash content, crude protein, 

carbohydrates, total lipids, and total dietary fiber. 

 

a. Determination of Moisture: 

1 gm of fresh plant sample was taken in a Petri dish and kept at 105 ºC in an electric 

oven for four hours. The sample was shifted to desiccators and then after cooling measured the 

weight loss. It was kept in the oven again for 2 hours and repeated this action until the sample 

had a stable weight. The moisture content was estimated using the following formula: 

 

Moisture content (%) =     Weight of fresh sample-Weight of dried sample X 100 

Weight of sample 
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b. Estimation of Ash Content: 

The dried plant material of known weight was taken in a crucible and labeled with lead 

pencil. The sample in the crucible was burnt over open flame and then put into muffle furnace 

at 550 ºC till the grayish white ash was seen in the crucible. Once again the sample was shifted 

to muffle furnace set at 550 ºC till the weight of the sample become constant. Following formula 

was used to calculate percent ash content. 

 

Percent Ash content = Weight of sample after ashing ×100 

  Weight of sample 

 

c. Determination of Total Lipids: 

A known weight (2gm) sample was placed in a paper thimble and put in soxhlet 

extractor. On a heating mantle the plant material was refluxed for 6 hours using 100mL of 

petroleum ether (B.P. 40–60 0C). After extraction of lipid the thimble was detached. The 

extracted material was desiccators for cooling and then weighed. 

i. Determination of Saponifiable and Non-Saponifiable Lipid: 

The lipid sample was dissolved in 0.5N, ethanolic KOH, and refluxed on a water bath for 

30 minutes then cooled to room temperature and transferred to a separating funnel. The non-

saponificable material was removed by petroleum ether (40-600C), by extracting it 3 to 4 times. 

d. Determination of Fiber: 

2g of the defatted plant material was taken in a beaker and boiled in 200mL H2SO4 

(1.25%) for half an hour. The contents were then filtered and washed with distilled water. The 

contents were again boiled for thirty minutes in 200mL sodium hydroxide (1.25%). The 

material was filtered again and then washed with distilled water in order to neutralize the 

contents. The material was then washed with 15mL ethyl alcohol in a Gauch crucible. The 

Gauch crucible was dried at 110 0C in an oven to a constant weight. The content was cooled and 

weighed (W1). The material was ignited over flame until burnt completely. It was kept in a 

muffle furnace. The final weigh (W2) was noted. The fiber contents were calculated by the 

following formula: 
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Crude fiber (%) =       W1    -    W2 × 100 

Weight of sample 

e. Determination of protein (Micro Kjeldahl’s Method): 

Micro Kjeldahl’s Method was used for the estimation of protein. Usually the method 

operates in three steps: 

i. Digestion 

ii. Distillation 

iii. Titration 

i. Digestion 

Digestion mixture was prepared by mixing copper sulphate, ferrous sulphate and 

potassium sulphate at the ratio of 5:1:94 (w/w). Weighed amount of plant materials was added 

to 2g of digestion mixture in a digestion flask. To this mixture 20ml of concentrated H2SO4 was 

added and heated till the solution became clear. Then the solution was boiled briskly for two 

hours, cooled and 30ml water was added with mixing. The digest was diluted up to 100ml and 

stored in volumetric flask. 

ii. Distillation 

In the distillation process 5ml digested sample is added to the distillation tube. 40 ml 4% 

boric acid and few drops of methyl red indicator are added to it. 10 ml of 2.0 molar Na OH was 

also added. The ammonia was distilled into the receiving conical flask and reacted with the 

acid. The surplus acid in the flask was estimated by back titration against 2.0M Sodium 

hydroxide. The end point was declared by colour change from red to yellow. The process was 

completed in ten minutes. The pink colour of boric acid was changed to yellow due to the 

formation of ammonium borate. 

iii. Titration 

The yellow coloured solution was titrated against 0.1N sulphuric acid till the color 

changed to pink. Blank determination was also made simultaneously using reagents alone.  

% Nitrogen was calculated by using following formula: 
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% N2= [(ml standard acid × N of acid) - (ml blank x N of base)] - (ml std base × N of base)1.4007       

Weight of sample in grams 

 Where N=normality 

 

 

The content of protein was calculated as below: 

Percent protein = Percent N2 × 6.25 

f. Determination of Carbohydrates: 

Carbohydrates were calculated by using the following formula: 

Total Carbohydrate = 100- (Moisture + Total Fiber + Total Lipid + Total Protein + Ash) 

Determination of Nutritive value or Energy Value 

The nutritional value of plants was calculated as per the formula used by Nile and 

Khobragade (2009). The values obtained of total carbohydrate, lipid and protein was multiplied 

by the factors 4, 9, 4 respectively, and the result was expressed in Kilocalories per gram. 

 

Nutritive value = (4 x percentage of protein) + (9 x percentage of fat) + (4 x percentage 

of carbohydrate) 

3.5 MINERALS ANALYSIS: 

3.5.1 Determination of Minerals (Wet Digestion Method): 

The samples were prepared for determination of trace elements on Atomic Absorption 

spectrophotometer. After the pretreatment to remove organic matter dry digestion method was 

adopted. The analytical grade reagents of high purity nitric acid, perchloric acid and double 

deionized water were used. For the dry digestion, Nitric acid and Perchloric acid were used in 

the ratio of (2:1) finely ground plant material 0.5g each was taken in to a Kjeldhal flask. To this, 

two volumes of concentrated nitric acid was added and digested on low heat in a digesting 

chamber, until nitric acid fumes ceased. After adding one volume of perchloric acid it was 

heated gently and then vigorously.  There after the content was evaporated until the volume was 

reduced to 1-2mL, but not to dryness. After cooling the flask, diluted up to 100ml with distilled 

water and filtered through Whatman No. 1 filter paper. The solution was analyzed for the 
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determination of trace elements on Atomic Absorption Spectrometer (Perkin Elmer 500) 

(A.O.A.C, 1984). 

 

3.5.2 Determination of Phosphorous: 

Principle: 

The molybdate ions and Orthophosphate join to give molybdophosphoric acid in acidic 

solution which when reduces with hydrazine sulphate it produce blue coloration. The intensity 

of blue color is proportional to the amount of phosphate present in the complex, the blue 

complex show maximum absorbance at 830 nm (Asfandyar, 2012). 

Procedure: 

It has been reported that the phosphorus content of plant sample should be less than 

0.15mg in 25ml and should be neutral. To a 100ml volumetric flask 25ml of digest plant 

material was added. To this 50mL molybdate solution was added followed by 2ml hydrazine 

sulphate solution and was diluted with distilled water upto 100 ml volume. The solution was 

mixed well and the flask was immersed in a boiling water bath for at least 10 minutes, then it 

was removed and cooled rapidly. The flask was shaken and optical density was measured at 830 

nm against deionized water as blank. Calibration curve was drawn by using standard phosphate 

solution in the usual manner (Asfandyar, 2012) 

 

3.6 BIOLOGICAL STUDIES 

  3.6.1 Analysis of Phenolic Compounds: 

Total phenolic contents in the extracts were determined according to the Folin-

Ciocalteu procedure adapted from Singleton and Rossi (1965). Fifty micro liters of the plant 

extract (two replicates) were transferred into a test tube, and then mixed with 0.4 ml of 10% 

Folin-Ciocalteu reagent. After three minutes of reaction, 0.8 ml of a 10% sodium carbonate 

(Na2CO3) was added. The tubes were allowed to stand for 1 hour at ambient temperature, and 

the absorption was measured at 725 nm using spectrophotometer (CELL, model CE 1020, 

England) against a blank, which contained 50 μl of methanol in place of plant extract. Gallic 

acid was used as calibration standard, and results were calculated as gallic acid equivalent 

(GAE) (mg/100g dry weight basis).  

The analysis of total phenolic contents is commonly made by using 
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spectrophotometric measurements. A number of methods have been developed over the years 

for quantification of phenolic compounds in a typical plant material, depending upon the use 

of chemical reagents (Slinkard and Singleton, 1977). The Folin-Denis assay is a good 

procedure used for quantification of total phenolic contents of plants. It is based on the 

reduction of phosphomolybdic- phosphotungstic acid (Folin-Denis reagent) to a blue-

coloured complex in the presence of phenolic compounds in alkaline solution. The quantity of 

phenolic compounds is measured by colour development and absorption at 725 nm and 

determined using a standard calibration curve. Folin-Denis reagent method was found to be 

less sensitive and improved by Singleton and Rossi (1965). In comparison to the Folin -Danis 

reagent Folin-Ciocalteu reagent contains a higher concentration of molybdate in the reactive 

complex, resulting in a more sensitive reagent to reduction (Singleton and Rossi, 1965). 

The Folin-Ciocalteu assay (FCA) is most commonly used to determine the total 

phenolic contents of various types of plant materials and foods (Waterhouse, 2005; Nabavi et 

al., 2008; Zhang et al., 2010).  Technically, this assay is not compound specific and monitors 

/detects all the phenolic groups found in the extracts including those found in extractable 

proteins, such as tryptophan and other reducing substances in the extract such as ascorbic acid 

(Waterhouse, 2005). 

3.6.2 Analysis of Flavonoids: 

The determination of flavonoid contents in the tested plants were carried out by the 

method of Zhishen et al., (1999). First of all, each powder product (0.1 g) derived from plant 

extracts was dissolved in 0.1 mL of ethanol. This solution was placed in a 10 mL volumetric 

flask. Double-distilled water (ddH2O) was added to make 5 mL and 0.3 mL of 20% NaNO2 was 

added. Then, 3 mL of 10% AlCl3.6H2O was added 5 min later. After 6 min, 2 mL of NaOH (1 

M) was added and the total volume was made up to 10 mL with ddH2O. The solution was 

mixed well again and the absorbance was measured at 510 nm in a spectrophotometer. 

3.6.3   Total Antioxidant Activity: 

Principle: 

Prieto, Pineda and Aguilar (1999) method was used for the determination of total 

antioxidant activity. In this assay Mo (VI) is reduced to Mo (V) by the sample with the 

subsequent formation of green color complex. 

Procedure: 
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Extract of the plant materials was taken in pure methanol twice and then in 80% 

methanol, each for three days. The extracts were combined and concentrated by rotary 

evaporator. 0.5mL of sample solution was taken in eppendrop tube with 1mL of reagent 

solution (28mM sodium phosphate, 4mM ammonium molybdate and 0.6M sulphuric acid). The 

eppendrop tubes were caped and incubated at 95 oC for 90 minutes. After cooling to room 

temperature, the absorbance was measured at 695nm against a blank. The blank solution 

contained 1mL reagent solution and an appreciated amount of the same solvent used for the 

sample. The total antioxidant activity of the plant sample was expressed as equivalents vitamin 

E using extinction coefficient of 4×103 M -1 cm-1 (Asfandyar, 2012). 

3.6.4  DPPH Radical scavenging activity: 

Extract of the plant material was taken in pure methanol twice and then in 80% 

methanol, each for three days. Three extracts were combined and methanol was evaporated 

using rotary evaporator.  Methanolic extract was fractionated into n-Butanol, chloroform, ethyl 

acetate and water. The method of Beghdad et al., (2014) was used for the determination of 

DPPH radical scavenging activity. To 1ml methanolic solution of DPPH 3ml extract was added. 

The mixture was vertexed and left for 30 minutes in the dark at room temperature. The 

absorbance of the mixture was measured at 517 nm and was expressed as percentage DPPH 

radical scavenging activity relative to a control by using the following equation Beghdad et al., 

(2014). 

 

DPPH radical scavenging activity = Absorbance of extract – Absorbance of sample ×100 

Absorbance of control 

 

Reducing Power Assay: 

Extract of the plant material was taken in pure methanol twice and then in 80% methanol, each 

for three days. Three extracts were combined and methanol was evaporated using rotary 

evaporator. Methanolic extract was fractionated into ethyl acetate, n-Butanol, chloroform and 

water. The method of Yildrin, et al., (2001) was used to determine reducing power assay. 1mL 

extract was mixed with 2.5mL phosphate buffer (0.2M, pH 6.6) and 2.5mL potassium 

ferricyanide. The mixture was then incubated for 30 minutes at 50 0C. 2.5mL of trichloroacetic 
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acid was added after incubation and was centrifuged for 10 minutes at 1650 rpm. To 2.5mL of 

the supernatant solution 2.5mL distilled water and 0.5mL of FeCl3 were added and absorbance 

was measured at 700 nm Yildrin, et al., (2001). 

 

3.6.5   MICROORGANISMS 

Four bacterial species, Gram-positive Staphylococus aureus and Bacillus subtilis, gram-

negative Pseudomonas aeruginosa and Escherichia coli were used in this study. These standard 

microbes were obtained from N.I.H, Islamabad. 

3.6.5.1 Screening of Antibacterial Activities: 

            The well diffusion assay technique was used, 500 µl of microbes cultures age18 -24 h 

were added to petri plates and nutrient agar (NA) were poured (Magaldi et al., 2004). After 

media were solidified, holes were made by using 6 mm cork borer each hole was filled with 50 

µl of plant extract. The inoculated agar plates were left in refrigerator for one hour for proper 

diffusion then plates were incubated at 37 ͦ C for the bacterial growth and 30 ͦ C for the yeast, for 

a period of 24 h. Negative and positive controls were used. The zones of inhibition were then 

recorded in millimeters with the help of vernier caliper. 

3.6.5.2 Antifungal assay: 

The same procedure as for the bacteria was adopted. Instead of nutrient agar, Sabouraud 

dextrose agar was used (Magaldi et al., 2004). The inoculated media was incubated at 25˚C for 

three days. Antifungal activity of the extracts was evaluated by of agar tube dilution method. 

Four fungal strains Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger and Fusarium 

solani were used in this assay. The culture strains were obtained from First microbe bank 

Punjab. Each corresponding fraction was prepared in 5 ml DMSO. 

3.6.5.3 Statistical Analysis: 

Each sample was analyzed in triplicate for its phytochemical studies, antioxidant and 

antimicrobial activities and data was reported as mean ±SD. Data was further analyzed by 

analysis of variance ANOVA using Minitab 2000 Version 13.2 statistical software (Minitab 

Inc. Pennysalvania, USA) at 5% significance level (Shahat et al., 2011). 
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3.7 In vitro Antidiabetic Study of plants 

a. Inhibition of alpha-glucosidase enzyme: 

The alpha-glucosidase inhibitory activity was determined by incubating a solution of starch 

substrate (2% w/v maltose or sucrose) 1 ml with 0.2 M Tris buffer pH 8.0 and various 

concentration of plant extract for 5 min at 37°C. The reaction was initiated by adding 1 ml of 

alpha-glucosidase enzyme (1U/ml) to it followed by incubation for 40 min at 35°C. The 

reaction was then terminated by the addition of 2 ml of 6N HCl. The intensity of the color was 

measured at 540nm (Krishnaveni et al., 1984). 

b. Inhibition of α-amylase enzyme: 

 

In vitro amylase inhibition was analyzed by the method of Bernfeld (1955).  100 μL of the 

plant extract was reacted with 200 μL of α-amylase enzyme (Hi media Rm 638) and 100 μL of 

2 mM of phosphate buffer (pH-6.9). 100 μL of 1% starch solution was added after 20 minutes 

of incubation. The controls were similarly treated, where 200 μL of buffer was taken in place of 

enzyme. 500 μL of dinitrosalicylic acid reagent was added to both control and test after 

incubation for 5 minutes placing in boiling water bath.  The generation of maltose was occured 

by the reduction of 3, 5 dinitro salicylic acid to 3- amino-5- nitro salicylic acid. The absorbance 

was noted at 540 nm using spectrophotometer and the percentage inhibition of α-amylase 

enzyme was calculated using following formula: 

 

            Inhibition (%) = 100 ﴾Control-Test﴿ 

     Control 

 

3.8  Toxicity testing against brine shrimp: 

      The method used for brine shrimp lethality bioassay was as reported by Mclaughlin et al., 

(1991). 

a. Sample preparation 

        Samples were prepared by dissolving 20 mg each of the extract in methanol to make 2mL 

(10,000ppm) stock solution. From the stock solution further concentrations (10,000 ppm, 1000 

ppm, and 100 ppm) were made as given in Table 3.2. 

b.   Positive control 

      As a positive control, MS-222 (tricaine methane sulfonate, Aquatic EcoSystems, Inc.), a 



71  

common fish anesthesizer, was used at concentrations of 1000, 100 and 10 ppm. 

 

Table No. 3.2 Dilutions prepared for brine shrimp toxicity assay 

 

Concentration Stock  solution Solvent Final   volume 

(ppm) (mL) (mL) (mL) 

    

10,000 2.00 0.00 2.00 

    

1000 0.2 1.8 2.00 

    

100 0.02 1.98 2.00 

    

 

c.         Brine-shrimp cytotoxicity: 

Artemia salina (brine-shrimp eggs) was used to determine the cytotoxicity of the extract 

(Meyer et al., 1982). Ten shrimp, 5 ml seawater and different concentrations of extract (1000, 

100 and 10 g/ml) were added to separate vials. Etoposide (LD50 = 7.465 µg/mL) was used as 

reference cytotoxic drug. All the vials were incubated at 26±1ºC for 24 h and the brine shrimps 

that survived were counted. The data was analyzed with a Finney computer program to 

determine LD50 values with 95% confidence interval. 

3.9 Phytotoxic activity by using lemna minor plants 

3.9.1 Pytotoxicity test for crude extract: 

For the determination of phytotoxicity the Lemna minor plant was used (Atta-ur-

Rahman, 1991). It is a small plant having three fronds and can be seen growing on stagnant 

water. As this plant is highly sensitive, so it can be used to find out the phytotoxicity level when 

tested against different doses of chemicals. Lemna minor plants were obtained from sewage 

water in The University of Agriculture Peshawar. Plants with the E-medium (Enriched medium) 

were transferred into a beaker. E-medium is the water in which these plants grow. About 50 mL 

of E-medium was taken in 250 mL transparent plastic cups and 8 mg of crude extract was 

dissolved in 8 mL of DMSO as a stock solution (1000 µg mL-1). This stock solution was further 
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diluted by using 50 mL of E-medium and solutions of 200 µg mL-1, 400 µg mL-1, 600 µg mL-1 

800 µg mL-1 and 1000 µg mL-1 were prepared. Three replicates were taken for each 

concentration. For the comparison of crude extract standard herbicide Atrazine was selected as 

a positive control and the E-medium with 10 mL DMSO was used as a negative control. 

Solutions of different  concentrations of Atrazine were also prepared which were 200 µg mL-1, 

400 µg mL-1, 600 µg mL-1, 800 µg mL-1 and 1000 µg mL-1 of atrazine in E-medium. Three 

replicates were also taken for Atrazine and E- medium. Ten fronds of Lemna minor were 

transferred to each cup. E-medium was added up to the mark (50 mL) to these cups daily to 

keep the uniform level. The changes of colour from green to yellow indicated the affected 

Lemna minor plant.  In this way the phytotoxic activity of the crude extract of the plants is 

tested against the Lemna minor L. (McLaughlin et al., 1991).  All samples are incubated in the 

growth cabinet for seven days after which the growth regulation in percentage is calculated with 

reference to the negative control. After 7th day the number of yellow and green fronds were 

counted and noted per cup. IC50 is calculated with a Finney computer program with 95% 

confidence interval. 

Plants were checked daily and on the s 7th day fronds (leaves) were counted.  Percent 

growth inhibition was determined with reference to the negative control. Following formula 

was used for calculated: 

 

(100- Number of fronds in test sample)   × 100 
Inhibition (%) =   (Number of fronds in negative control) 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1  PHYTOCHEMICAL ANALYSIS: 

Several epidemiological studies have proved a positive correlation between the 

phytochemical composition of medicinal plants and their importance for their medical use 

(Barla et al., 2007). Hazara region in Khyber Pakhtunkhwa province of Pakistan is known for 

its rich biological diversity. For this study, three edible medicinal plants such as Pimpenella 

stewartii, Malva neglecta and Viola odorata were selected. Thepurpose of the current study was 

to determine phytochemicals and evaluate the flavonoids and total phenolic content of the 

selected medicinal plants as well as their nutrional and antimicrobial properties. Soxhlet 

apparatus was used for the organic solvent extraction. Solvents used were water, methanol, 

ethanol, and phenol.  The carbohydrates, proteins, phenols, flavonoids, saponins and tannins 

were investigated in the plants. Folin-Ciocalteus reagent method was employed for estimation 

of total phenolic contents in aqueous extracts whereas total flavonoid contents were determined 

by the Aluminium Chloride method. The findings of this study offers proof that crude extracts 

of aqueous and organic solvent of the selected plants contain significant bioactive compounds 

of medicinally importance and it validates their utilization in the folk medicines for the 

treatment of various diseases. The phytochemical composition of Pimpenella stewartii, Malva 

neglecta and Viola odorata was determined by different analytical tests.  The presence of 

Flavonoids, Alkaloids, Phenol, Tannins, Saponins, Diterpenoids, Triterpenoids, Glycosides, 

Cardiac Glycosides and Cumarins was verified through different standard confirmatory tests. 

The phytochemical characteristics of three medicinal plants tested are summarized in the table 

4.1.  Our findings indicate the presence of biologically active compounds such as flavonoids, 

phenols, alkaloids, saponins; diterpenoids and triterpenoids were present in all the three plants. 

Glycosides, Cardiac glycosides and couramines were present only in the Malva neglecta. 

Tenins were absent in all the selected plants. The absence of tenins is good for drug prepared 

from medicinal plant because tannins attach with proline rich proteins and distrub protein 

synthesis (Yadav and Agarwala, 2011). LAM Shelbaya (2011) reported that carbohydrats, 

flavonoids, tannins and saponins were present in the leaves of Malva sylvestris. Literature 

references about phytochemical screening of Malva neglecta were not found (Zohra et al., 

2012). 
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Viola odorata and Pimpenella stewartii are the plants from Hazara region of Khyber 

Pakhtunkhwa which are taken for cure of a number of medical problems by the people. Both 

plants showed high antioxidant capacity, comparable to or higher than other herbs. 

Major components found in plant extracts are the phenolic compounds which have 

antioxidant activities.  In herbal medicines mostly leaves, flowers and or fruits are used as they 

contain the highest amounts of phenolic compounds especially flavonoids, saponins and 

alkaloids. This confirms that flavonoids and other biological active compounds are important 

biologically active compounds which have medicinal effect in these traditional medicinal 

plants. 

a. Alkaloids: 

The presence of alkaloids was confirmed by Wagner’s test, Dragendroff’s test and 

Mayer’s test. The results indicated that alkaloids are present in tested material of Pimpenella 

stewartii, Malva neglecta and Viola odorata whereas, in Malva neglecta only Dragendroff’s 

test confirmed it. However, alkaloids were not detected by Wagner’s test and Mayer’s test. The 

highest concentrations of alkaloids were found in Pimpenella stewartii than Viola odorata. 

b. Flavanoids: 

Flavanoids were detected by KOH (alkaline reagent test). The presence of Flavonids 

was found in all three plants with variable concentrations. The Pimpenella stewartii and Malva 

neglecta have higher concentration than Viola odorata. Khatibi et al., (1989) also detected 

flavonoids in aerial parts of Viola odorata. 

c.  Tanins: 

The presence of Tannins was analyzed by Gelatin test and it was observed that tanins 

are not present in any of three selected plant species. 

d.  Saponins: 

In this study the well-known Froth test was used to confirm the presence of saponins in 

the tested plants. It was found that the tested extracts obtained from three plants have saponins 

and Malva neglecta has relatively low amount than Pimpenella stewartii and Viola odorata 

(Table 4.1). 
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e.  Phenols: 

Ferric Chloride Test was employed for determination of phenolic compounds. Results 

reported in Table 4.1 show the presence of penolic compounds in Pimpenella stewartii and 

Viola odorata   in higher concentration than Malva neglecta. 

f.  Diterpenoids and Triterpenoids: 

The Diterpenoids and Triterpenoids were detected by Copper acetate test. It was found 

that all the extracts of Pimpenella stewartii, Malva neglecta and Viola odorata contain these 

two compounds in considerable amount. 

g. Glycosides: 

For determination of glycosides, Legal’s test (Sodium nitroprusside test) was applied 

which confirmed the presence of these important compounds only in Malva neglecta but in low 

quantity. 

h. Cardaic glycosides: 

Cardiac glycosides were also analysed by well known Keller kiliani test for their 

presence. These were found only in Malva neglecta in low quanitity. 

i.  Coumarins: 

Coumarins are natural aromatic organic compounds (C9H6O2) found in many plants. It is 

a colorless crystalline substance, which belongs to the benzopyrone class. The presence of 

coumarins was detected by the method of Ben et al., (2013).  According to this method 1 g of 

each of the extracts was taken in a test tube and covered with filter paper which was already 

moistened with dilute sodium hydroxide (NaOH). The test tube was then heated on a water bath 

for a few minutes. When the filter paper was removed and examined under UV light, yellow 

fluorescence was seen indicating the presence of coumarins. Coumarins were detected only in 

Malva neglecta. 
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Table 4.1 Detection of Phytochemicals by applying biochemical confirmatory tests 

Compound Class Test Type Malva neglecta Pimpenella 
stewartii 

Viola odorata 

Alkaloids Wagner’s test --- +++ + 

Alkaloids Dragendroff’s 

test 
+++ +++ + 

Alkaloids Mayer’s test --- +++ + 

Flavonide KOH(alkaline 
reagent test) 

+++  

+++ 

+ 

Tannins Gelatin test --- --- --- 

Saponins Froth test ++ +++ +++ 

Phenol Ferric Chloride 
test 

++ +++ +++ 

Diterpeniod Copper acetate 
test 

++ +++ + 

Triterpeniod Liebermann-
Burchard 
reaction 

+ +++ +++ 

Glycosides Legal’s test 

(Sodium 
nitroprusside) 

+ --- --- 
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Cardiac 
Glycosides 

Keller Kiliani 
test 

+ --- --- 

Coumarins Ethanol + KOH ++ --- --- 

 

(-): Negative   

(+): Weak positive  

(+ +): Positive   

(+ + +):  strongly positive  



78  

 

The medicinal use of plants for treatment of various diseases is prehistoric but in the last 

decades their regular use has been increased substantially (Wood, 1999, Khan et al., 2001).  

The pharmacologically important compounds of plants from the medicinal view point 

are alkaloids, flavonoids, glycosides and such type of other compounds. To discover new 

compounds of nutrional importance, proximate analysis of plants is necessary. Moreover, these 

plants contain essential trace elements which are required to human body for good health. 

Today most of the herbal medicines include a natural product prototype.The studies of plants 

aimed to search pharmacologically active compounds have explored many bioactive 

compounds which are now in clinical use. The standardized herbal products have been accepted 

in the modern system of medicines.  The interest in herbal medicines for various diseases has 

been improved due to unaffordable prices of allopathic medicines, belief that herbal drugs have 

no side effects and non-availability of allopathic drugs in remote areas of the country (Hungard 

et al., 1988). Present study was also planned to improve the knowledge further and was focused 

to scrutinize antimicrobial activities, phytochemical studies including estimation of nutritional 

value, major and minor elements of Pimpenella stewartii, Malva neglecta and Viola odorata. 

 

Phytochemical analysis of the plant extracts showed the presence of constituents which 

are known to exhibit medicinal as well as physiological activities (Sofowra, 1993). The 

presence of phytochemicals such as flavonoids, phenols, saponins, tannins, steroids, alkaloids, 

glycosides and terpenoids has been revealed by the analysis of the plant extracts. The phenolic 

compounds are considered as most ubiquitous and one of the major groups of plant metabolites 

(Singh et al., 2007). They have biologically significant properties such as antiinflammatory, 

antiaging, anticarcer, antiapoptosis, antiatherosclerotic activities, improvement of endothelial 

function, cardiovascular protection as well as inhibition of angiogenesis and cell proliferation 

activities (Han et al., 2007). Many studies have revealed the antioxidant properties of medicinal 

plants which are rich in phenolic compounds. Natural antioxidant of plants are mostly in the 

form of phenolic compounds such as phenolic acids, flavonoid, tocopherols etc. (Ali et al., 

2008).Tannins bind to proline rich protein and interfere with protein synthesis. Flavonoids are 

hydroxylated phenolic substances known to be synthesized by plants in response to microbial 

infection and they have been found to be antimicrobial substances against wide array of 

microorganisms in vitro. Their activity is probably due to their ability to complex with 

extracellular and soluble proteins and to complex with bacterial cell wall (Marjorie, 1996). 
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They also are effective antioxidant and show strong anticancer activity. 

The plant extracts were also found to contain saponins which are known to produce 

inhibitory effect on inflammation (Just, 1998). Saponins have the property of precipitating and 

coagulating red blood cells. Some of the characteristics of saponins include formation of foams 

in aqueous solutions, hemolytic activity, cholesterol binding properties and bitterness (Sodipo et 

al., 2000; Okwu, 2004). Steroids have been reported to have antibacterial properties (Raquel, 

2007) and they are very important compounds especially due to their relationship with other 

compounds such as sex hormones (Okwu, 2001). Alkaloids have been associated with 

medicinal uses for centuries and one of their common biological properties is their cytotoxicity 

(Nobori et al., 1994). Several workers have reported the analgesic (Antherden, 1969; Harborne, 

1973), antispasmodic and antibacterial properties of alkaloids (Stray, 1998; Okwu and Okwu, 

2004). Glycosides are known to lower the blood pressure according to many reports (Nyarko 

and Addy, 1990). The findings of the study therefore realize that these phytochemical 

compounds possess bioactive components and the tested plants can be an ever more significant 

source of bioactive compounds of considerable medicinal importance. 

 

4.2 NUTRITIONAL STUDIES: 

The quantification of Moisture, Crude fat, Crude fibre and Ash were done to figure out 

the nutritional and medicinal importance of the plant samples. The results are given in the 

figure and the proximate composition is expressed as a measure of percentage (%) in the 

sample. The findings for proximate composition of Malva neglecta, Pimpenella stewartii and 

Viola odorata are presented in table 4.2. 

The table reveals that the test samples contained moisture 6.5, 9.0, 6.9, ash 17.5, 10.4, 

13.2 crude fat, 2.65, 3.20, 12.10, crude fiber 21.5, 12.19, 23.2, crude protein 0.07, 0.88, 0.53 

and carbohydrate 28.70, 61.09, 28.3 percent respectively. 

Pimpenella stewartii showed more moisture content i-e 9.0 percent when compared to 

Malva neglecta and Viola odorata which have showed 6.5 and 6.9 percent respectively. 

The ash content of Malva neglecta 17.5% was significantly higher when compared with the 

Pimpenella stewartii (10.4) and Viola odorata (13.2) respectively. 

The percent crude fat content of the Pimpenella stewartii (3.20) was significantly higher than 

Malva neglecta (2.65) and Viola odorata (12.10) respectively. 
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The percent crude fiber content of the Viola odorata (23.2) was significantly higher than 

that of crude fiber of Malva neglecta (21.5) and Pimpenella stewartii (12.19) respectively. 

The crude protein content was highest in Pimpenella stewartii 5.51 % and lowest in 

Malva neglecta 4.37 % and Viola odorata 3.31 % respectively. 

The carbohydrate content in Pimpenella stewartii 61.09 % was also higher than Malva 

neglecta 28.70 and Viola odorata 28.3 % respectively. 

The plants extracts of Pimpenella stewartii, Malva neglecta and Viola odorata were 

quantified for proximate composition analysis of moisture content, ash content, crude fiber and 

crude fat that are found to be essential to maintain good health. The quantitative estimation of 

the crude fiber may suggest that it can be a diet source which provides good digestion and 

palatability. Moisture and ash content estimation may give a feedback about plant digestibility. 

The estimated mineral compounds may act as a base for the future work on their underlying 

role in deficiency disorders. The nutritional value and mineral analysis of tested plants may 

therefore yield to the conclusion that it may act as a good source of diet to fight against 

deficiency disorders. 
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Table  4.2 Moisture contents of Plant Samples 

 

S. No Samples 
Moisture content 
(mg/g) 

Moisture content 
(%) 

  1 Malva neglecta 0.065 6.5 % 

  2 Pimpenella stewartii 0.090 9.0 % 

  3 Viola odorata 0.069 6.9 % 
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Table 4.3 Ash contents of Plant Samples 

 

S. No Samples Ash content (mg/g) Ash content (%) 

 1 Malva neglecta 0.175 17.5 % 

 2 Pimpenella stewartii 0.104 10.4 % 

 3 Viola odorata 0.132 13.2 % 
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Table 4.4 Lipid contents of Plant Samples 

 

S. No Samples Lipid content (mg/g)  Lipid content (%) 

  1 Malva neglecta 26.5 2.65 

  2 Pimpenella stewartii 32.0 3.20 

  3 Viola odorata 121.0 12.10 
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Table 4.5 Fiber Content of Plant Samples 

 

S.No Samples Fiber content (mg/g)  Fiber content (%) 

  1 Malva neglecta 215.0 21.5 

  2 Pimpenella stewartii 121.9 12.19 

  3 Viola odorata 232.0 23.2 
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Table 4.6 Protein contents of plant samples 

 

S.No Samples Nitrogen content (mg) Protein content (%) 

 1 Malva neglecta 0.07 4.37 % 

 2 Pimpenella stewartii 0.88 5.51 % 

 3 Viola odorata 0.53 3.31 % 
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Table 4.7 Carbohydrate contents of plant samples 

 

S.No Samples Cabohydrate content 
(mg/g) 

Cabohydrate content 
(%) 

  1 Malva neglecta 287.0 28.70 

  2 Pimpenella stewartii 610.9 61.09 

  3 Viola odorata 283.0 28.3 
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4.2.1 Mineral Analysis of selected plants by Atomic Absorption Spectrophotometery 

 

The data obtained are cited in Tables 4.8. The results showed that the tested plants 

Malva neglecta, Pimpenella stewartii and Viola odorata exhibit the varied concentration of the 

elements Ca, Mn, Fe, Mg, K and Na. The highest concentration of Ca was found in Pimpenella 

stewartii (287.2 mgL-1), Mg and Mn was in Malva neglecta (37.46 mgL-1, 0.192 mgL-1.  K and 

Na and Fe were found in highest concentration in Viola odorata (98.75 mgL-1, 10.57 mgL-1, 

0.186 mgL-1)    Fe was not detected in Malva neglecta.  Kaneez et al., (2001) stated that Mg in 

the plant lowers the cholesterol level but alleviates heart diseases. Mg is being investigated in 

migraine headache and attention deficit hypersensitivity disorder. Mg plays an important role in 

regulating the muscular activity of heart, maintains normal heart rhythm and also converts 

blood sugar in to energy. Iron (Fe) deficiency is associated with myocardial infection. Calcium 

is needed in the development of bones and teeth, regulates heart rhythm, helps in normal blood 

clothing maintain proper nerve and muscle functions and lowers the blood pressure. Mn is 

essential for normal functioning of central nervous system and is a good antioxidant (Bibi et al., 

2006).  

The presence and concentrations of various elements in different plant depend on the 

composition of the soil, water and fertilizers used as well as permissibility, selectivity and 

absorbability of plants for the uptake of these elements. Hence, the observed variations in 

concentration of the elements are attributed to the nature of the plant as well as its surroundings 

(Udayakumar and Begum, 2004). Trace elements are essential for all forms of life and having 

wide range of clinical applications that play a key role in the treatment of various diseases 

(Kaneez et al., 2001). 

 

The elements Fe, K, Mg, Na, Ca, Co, Mn, Zn and Cu have been classified as essential 

elements, Ni, Cr are possibly essential while Cd, Pb and Li are non essential elements for the 

human body. Among the various elements detected in different medicinal plants most are used 

in the treatment of different diseases. It is interesting to note that some of the medicinal plants 

used by local physician and common people have high concentration in the range of ppm of 

Mn, Fe, Cu, Zn etc. The concentration of K and Ca are in the percentage level. Zn is important 

in wound healing and also functions as an antioxidant. The researchers are trying to link the 

contents of the trace elements and medicinal values of the plants (Zafar et al., 2010). This is for 

the first time that such an exhaustive work on elemental content has been carried out on the 

medicinal plants. The data obtained in the present work will be useful in synthesis of new 
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herbal drugs with various combinations of plants, which can be used in the treatment of 

different diseases at global level generally and in Pakistan particularly.
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Table 4.8 Mineral analysis of plants 

 

 

Plant 

Name 

Ca 

(mgL-1) 

Mn 

(mgL-1) 

Fe 

(mgL-1) 

Mg 

(mgL-1) 

K 

(mgL-1) 

Na 

(mgL-1) 

Pimpenella 

stewartii 

287.2 0.074 0.044 19.32 98.07 7.716 

Malva 

neglecta 

203.7 0.192 0.000 32.89 98.71 1.639 

Viola 

odorata 

211.1 0.2 0.186 12.91 98.75 10.57 
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Figure 4.1 Mineral analyses of plants 
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4.3 BIOLOGICAL STUDIES 

4.3.1 Analysis of Phenolic Compounds: 
 

Phenolics and flavonoids are powerful free radical scavengers and significantly 

important natural antioxidants (Soobrattee et al., 2005). Phenolic compounds are strong 

antioxidants due to their ability to adsorb and neutralize free radicals, quench active oxygen 

species and decompose superoxides and hydroxyl radicals (Duch et al., 1999; Hall and Cuppett, 

1997). The high amount of phenols and flavonoids in extract indicate their high antioxidative 

activities (Table 4.9). Maximum phenolic contents were found in Pimpenella stewartii (32.8) 

followed by Viola odorata (19.5) and Malva neglata (19.5). 

4.3.2 Determination of total flavonoid contents 

Flavonoids are typical phenolic compounds and powerful chain-breaking antioxidants. 

Flavonoids have multiple biological activities including potent antiallergic and anti-

inflammatory and antiviral reactions. The possible presence of flavonoid-like compounds in the 

tested compoubds was tested. The flavonoid content in Pimpenella steawrtii, Malva neglecta 

and Viola odorata is given in Table 4.9.The total flavonoid was determined according to the 

colorimetric method (Zhinshen et al., 1999). 

The Pimpenella stewartii and Malva neglecta showed higher concentration 58.67 and 28.7 of 

flavonoids respectively than Viola odorata (22.4) (Table 4.9). 
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Table 4.9 Total Phenolic and Flavonoid contents of Pimpenella stewartii, Malva neglecta 

and Viola odorata 

 

S. No. Plant sample Total phenolic 
content 
mg GAE/100g DW 

Flavonoid content 
(mg/g) 

  1  
Pimpenella stewartii 

 
32.8 

 
58.67 

  2  
Malva neglecta 

 
19.5 

 
28.7 

  3  
Viola odoata 

 
30.4 

 
22.4 
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4.3.3 Free radical scavenging (DPPH) antioxidant activity 

Superoxide, hydroxyl and peroxyl radicals are the reactive oxygen species (ROS). These 

are natural byproducts and come from normal metabolism of oxygen in the body, also play key 

role in cell signaling (Cavas & Yurdakoc, 2005). Bimolecular oxidation caused by ROS when 

present in the large amount and also leads significant damage to cell structure, diabetes, cancer 

and stroke (Wiseman & Halliwell, 1996). 

“Antioxidants are compounds which possess resistance of living cells against oxidative 

damage by ROS. They have also played important role in the inhibition of lipid per oxidation 

for food protection (Oliveira et al., 2012). The destruction of β-cells by antioxidants has been 

shown the prevention of oxidation processes in human body as well as in food products (Diaz et 

al., 1997). 

Polyphenols from plants source have antioxidant activity to inhibit reactive chemical 

species and contribute to minimize the effect of oxidative damage come from excessive light 

exposure (Gulçin et al., 2005). Ascorbic acid, amino acids, carotenoids, peptides, flavonoids, α-

tocopherol, proteins and other phenolic compounds are the antioxidants from food source which 

show significant role as physiological and dietary antioxidants. A wide range of biological 

activates such as antibacterial, ant-allergic, antiviral, antithrombotic and anti-inflammatory 

were shown antioxidants obtained from natural sources (Cook & Samman, 1996). 

Antioxidant activity is as a parameter widely used for the determination of bioactive 

components in the medicinal plants. Commonly techniques used to evaluate the antioxidant 

capacity of plant phenolic and other bioactive compounds are DPPH scavenging, β-carotene 

bleaching and Follin’s Ciocalteu. For the determination of antioxidant capacities, DPPH
+ 

radical scavenging method is a common spectro-photometric technique used (Gulçin et al., 

2010).”
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Table 4.10  DPPH (%) scavenging activity of methanolic extract of Malva neglecta,   

Pimpenella stewartii and Viola odorata at different concentration range against standard 

(Ascorbic Acid) 

 

Test Sample/Standard Concentration (µg/ml) % Scavenging effect IC50 (µg/ml) 

Ascorbic acid 

62.5 72 ± 0.10  

 

<10 

125 77 ± 0.21 

250 80 ± 0.37 

500 82 ± 0.45 

1000 86  ± 0.19 

Malva neglecta 

62.5 40 ± 0.12 

157 

125 47 ± 0.40 

250 54 ± 0.14 

500 60 ± 0.35 

1000 69 ± 0.51 

Pimpenella stewartii 

 

62.5 33 ± 0.38 

205 

125 42 ± 0.50 

250 51 ± 0.32 

500 65 ± 0.41 

1000 71 ± 0.44 

Viola odorata 

62.5 35 ± 0.31 

260 

125 42 ± 0.20 

250 49 ± 0.54 

500 56 ± 0.47 

1000 64 ± 0.23 
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Fig. 4.2 Graphical representation of DPPH free radical scavenging activity of 
Malva neglecta, Pimpenella stewartii and Viola odorata 
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The results of the antioxidant assays of Malva neglecta, Pimpenella stewartii and Viola 

orderata are given in Table 4.8. All samples indicated somewhat antioxidant activity. Highest 

inhibition was demonstrated by Viola odorata 35 ± 0.31 at lowest 62.5 ppm concentration. The 

percent scavenging caused by Pimpenella stewartii at lowest concentration of (62.5 ppm) was 

33 ± 0.38, Malva neglecta 40 ± 0.12 and that of standard ascorbic acid was 72 ± 0.10. At the 

highest concentration (1000 ppm), percent inhibition caused by Viola odorata was 64 ± 0.23 

and that of ascorbic acid was 86 ± 0.19.The percent inhibitions caused by Pimpenella stewartii 

at concentration (1000 ppm) was 71 ± 0.44 and that of ascorbic acid was 86 ± 0.19. At highest 

concentration (1000 ppm) percent inhibition was caused by Malva neglecta 69 ± 0.51 and that 

of ascorbic acid was 86 ± 0.19. 

The free radical scavenging activities of Viola odorata, Pimpenella stewartii and 

ascorbic acid were evaluated at both highest and lowest concentrations for comparison. The 

scavenging activity of the extracts was most significantly lower at all tested concentrations. 

The free radical scavenging activity of all extracts and the standard ascorbic acid at 

lowest concentration 62.5 ppm and highest 1000 ppm concentrations follows the general order, 

Ascorbic acid> Pimpenella stewartii> Viola odorata>Malva neglecta. 

Table 4.8 shows the IC50 values of all the plants for antioxidant activity. The Viola 

odorata extract showed highest scavenging of 2, 2-diphenyl-2-picrylhydrazyl (DPPH) radical. 

Ascorbic acid (< 10 ppm) on the other hand exhibited lowest IC50 followed by Malva neglecta 

(157 ppm), Pimpenella stewartii (205 pmm) and Viola odorata (260 ppm) respectively. 

4.3.4 ANTI-MICROBIAL ASSAYS OF SELECTED PLANTS: 
 

In-vitro efficacy of different extracts of selected plants was carried out against common 

human pathogenic microbes. In present investigation the crude, methanolic, ethanolic and 

phenolic extracts of Pimpenella stewartii, Malva neglectaa and Viola odorata were evaluated 

against 6 bacterial and three fungal strains by well diffusion method. The bacterial strains were 
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E.coli, Staphylococcus aureus, Bacillus subitilis, Kleibshiela spp., Clostridium tetani and 

Mycobacterium spp. while fungal strains were included Aspergillus flavus, Mucor hiemalis and 

Aspergillus niger. 5% streptomycin was used as antibacterial control along with three 

replicates. 

The plant extracts were not only individually evaluated but a comparative efficacy of 

three selected plants against pathogenic microbes was also inferred. The results of theses trials 

are presented in tables 4.10-4.21 both individual as well as in aggregate results. These results 

add support to the claimed folklore use of these plants for some of the mentioned therapeutic 

purposes. 

 

4.3.4.1 Antibacterial assays of Pimpenella stewartii 

 

The comparative efficacy of the crude, methanolic, ethanolic and phenolic extracts of 

Pimpenella stewartii was investigated against E.coli, Staphylococcus aureus, Bacillus subitilis, 

Kleibshiela spp., Clostridium tetani and Mycobacterium spp. It was found that highest zone of 

inhibition was found in ethanolic extracts against Staphylococcus aureus (16.67 mm) and 

minimum zone of inhibition was calculated in methanolic extract against Kleibshiela spp., (6.7 

mm). The results are in accordance with the findindgs of Alwindy et al., (2012) and Syed et 

al.,(1986) who also reported that Pimpenella  inhibited growth of Staphylococcus aureus. 

 

A well defined variation in antibacterial efficacy of different extracts against bacterial 

strains was observed in present investigation as the results shown in table 4.10 clearly indicated 

these variations. 

Crude extract of Pimpenella stewartii showed highest zone of inhibition (14 mm) against 

Clostridium tetani followed by 13.3 mm in both Kleibshiela spp., and Mycobacterium spp.and 

lowest zone of inhibition in Staphylococcus aureus (9.3 mm). 

 

In case of Ethanolic extract of Pimpenella stewartii maximum zone of inhibition was 

recoded in Staphylococcus aureus (16.67mm) followed by Kleibshiela spp.(13.3mm) and 

lowest value was recorded in E.coli and Clostridium tetani (8 mm). 

 

Similar variations were also observed in methanolic extract of Pimpenella stewartii 

where lowest value was recorded against Kleibshiela spp.(6.7 mm) and highest zone of 

inhibition was recorded in  Clostridium tetani (12.3 mm). 
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The phenolic extract of Pimpenella stewartii showed the same results as minimum zone 

of inhibition were recoded against Staphylococcus aureus (9 mm) while maximum was assayed 

against Kleibshiela spp (15.67) followed by E.coli (14.33). The comparative results of all 

recorded zone of inhibitions are given in tables 4.9 and 4.10 along with statistical analysis to 

compare variations and their significant values in each case. 
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Table 4.11 Comparative efficacy of extracts of Pimpenella stewartii against selected 
pathogenic bacterial strains (mm/5mgL-1) 

 

Extracts E.Coli Staphylococcus 
aureus 

B. subtilis Kleibshella 
spp. 

C.tateni Mycobacterium 

Crude extract 10.3 9.33 11.3 13.3 14 13.3 

Methanolic 
extract 

10.67 17 9.33 6.7 12.33 9.33 

Ethanolic 
extract 

8 16.67 11 13.33 8 11 

Phenolic 
extract 

14.33 9 10.67 15.67 11 11.67 

Control 20.33 19 16.67 17.67 18.67 20 
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Figure 4.3 Comparative efficacies of extracts of Pimpenella stewartii against 
selected pathogenic bacterial strains (mm/5mgL-1) 
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Table 4.12 Comparative efficacy of different extracts of Pimpenella stewartii extracts 
(mm/5mgL-1) 

 

Strains Crude Methnolic Ethanolic Phenolic Control 

E.Coli 10 9 12 12 9 11 9 8 7 20 11 12 20 21 20 

Staphylococcus 
aureus 

8 9 11 15 22 14 13 12 10 9 8 10 20 19 18 

B. subtilis 11 12 11 12 8 8 13 11 9 10 10 12 19 17 14 

Kleibshella spp. 19 11 10 7 5 12 20 12 8 16 15 16 19 16 18 

C.tateni 17 13 12 14 13 10 8 7 9 15 10 8 18 19 19 

Mycobacterium 14 13 13 10 9 9 11 12 10 7 12 6 19 20 21 

Mean 13.
16 

11.
16 

11.
5 

11.
6 

11 10.
60 

12.
33 

10.
33 

8.8
3 

12.
83 

11 10.
66 

19.
16 

18.
66 

18.
33 
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Table 4.13 Statistical values of in vitro efficacy of different extracts of Pimpenella stewartii 

 

Strains Crude Methnolic Ethanolic Phenolic Control 

Mean S.D V Mean S.D V Mean S.D V Mean S.D V Mean S.D V 

E.Coli 10.3 1.53 2.33 10.67 1.53 2.33 8 1 1 14.33 4.93 24.33 20.33 0.57 0.33 

Staphylococcus 
aureus 

9.3 1.53 2.33 17 4.36 19 11.67 1.53 2.33 9 1 1 19 1 1 

B. subtilis 11.3 0.57 0.33 9.33 2.31 5.33 11 2 4 10.67 1.15 1.33 16.67 2.52 6.33 

Kleibshellaspp. 13.3 4.93 24.33 8 3.61 13 13.33 6.11 37.33 15.67 0.57 0.33 17.67 1.53 1.24 

C.tateni 14 2.64 7 12.33 2.08 4.33 8 1 1 11 3.60 13 18.67 0.57 0.33 

Mycobacterium 13.3 0.57 0.33 9.33 0.57 0.33 11 1 1 11.67 4.50 20.33 20 1 1 

Mean 11.91 1.96 6.10 11.11 2.41 7.33 10.5 2.10 7.77 12.05 2.62 10.05 18.7 1.19 3.37 
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 Fig. 4.4 Inhibition zones indicating antimicrobial activity of Pimpenella stewartii
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4.3.4.2 Antibacterial assays of Malva neglecta 

 

Malva neglecta is used by local health practioners to treat abdominal pain, throat 

infections, dermatitis, inflammations, burns, bone fractures and acne (Ijaz Ahmad et al., 2012). 

The extracts of Malva neglecta in four different solvents were evalauted against E.coli, 

Staphylococcus aureus, Bacillus subitilis, Kleibshiela spp., Clostridium tetani and 

Mycobacterium spp. for antibacterial activity. The results of this trial showed a variation trend 

as found in case of Malva neglecta. The highest zone of inhibition was seen in crude extract 

against E.coli (18.3 mm) and minimum zone of inhibition in phenolic extract against the 

Bacillus subitilis strain (7 mm).The results are compareable with the findings of earlier authors 

(Ijaz Ahmad et al., 2012). Islam et al., (2007) also reported antibacterial activity of Malve 

pariflora against bacteria Escherichia coli, Baillius subtilis, Staphylococcus. 

 

A well defined variation in antibacterial efficacy of different extracts against bacterial 

strains was also observed in case of Malva neglecta.  The results shown in table 4 clearly 

indicated these variations. 

 

Highest activity in terms of zone of inhibition (18mm) was exhibited by crude extract of 

Malva neglecta against E.coli followed by 12.3 mm against Clostridium tetani and lowest zone 

of inhibition against Kleibshiela spp (6 mm). 

 

In case of ethanolic extract of Malva neglecta maximum zone of inhibition was recoded 

in Bacillus subtilis(16.67mm) followed by Kleibshiela spp.(14.4 mm) and lowest value was 

recorded in Staphylococcus aureus (8 mm). 

 

Similar variations were also observed in methanolic extract of Malva neglecta where 

lowest value was recorded against Kleibshiela spp. and Clostridium tetani (11.3 mm) and 

highest zone of inhibition in E.coli (17.6 mm). 

 

The phenolic extract of Malva neglecta showed the same results as minimum zone of 

inhibition were recoded against Bacillus subtilis (7 mm) while maximum was noted against 

Mycobacterium (10.33 mm). 

 

The comparative results of all recorded zone of inhibitions are given in tables 5 and 6 

along with statistical analysis to compare variables and their significant values in each case. 



105  

 

 

 

 

 

 

Table 4.14 Comparative efficacy of extracts of Malva neglecta against selected pathogenic 
bacterial strains (mm/5mgL-1) 

 

Extracts E.Coli Staphylococcus 
aureus 

B. 
subtilis 

Kleibshella 
spp. 

C.tateni Mycobacterium 

Crude 
extract 

18.3 14 8 6 12.3 11 

Methanolic 
extract 

17.6 14 16 11.3 11.33 15.67 

Ethanolic 
extract 

15 12.67 16.67 14.4 11.33 13 

Phenolic 
extract 

10 9.33 7 15 12 10.33 

Control 21.33 20.66 20.3 22.3 19.3 21.6 
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Figure 4.5 Comparative efficacies of extracts of Malva neglecta against 
selected pathogenic bacterial strains (mm/5mgL-1) 

 

 

 

 

 

 

 

 



107  

 

 

 

 

 

 

Table 4.15 Comparative efficacy of different extracts of Malva neglecta (mm/5mgL-1) 

 

Strains Crude Methnolic Ethanolic Phenolic Control 

E.Coli 15 19 21 16 19 18 12 17 16 11 10 9 22 21 21 

Staphylococcus 
aureus 

17 13 12 18 13 11 16 9 13 8 9 11 20 21 21 

B. subtilis 9 8 7 15 16 17 20 16 14 11 3 7 21 19 21 

Kleibshella spp. 6 7 5 17 9 8 14 17 13 17 13 15 23 23 21 

C.tateni 14 12 11 8 13 13 13 12 9 13 9 14 21 19 18 

Mycobacterium 10 11 12 13 17 17 15 13 11 12 10 9 22 22 21 

Mean 11.8 11.6 11.3 14.5 14.5 14 15 14 12.6 12 9 10.8 21.5 20.8 20.5 
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Table 4.16 Statistical values of in vitro efficacy of different extracts of Malva neglecta 

 

Strains Crude Methnolic Ethanolic Phenolic Control 

 Mean S.D V Mean S.D V Mean S.D V Mean S.D V Mean S.D V 

E.Coli 18.3 3.05 9.33 17.6 1.53 2.33 15 2.65 7 10 1 1 21.33 0.52 0.33 

Staphylococcus 
aureus 

14 2.64 7 14 3.60 13 12.67 3.51 12.33 9.33 1.53 2.33 20.66 0.58 0.33 

B. subtilis 8 1 1 16 1 1 16.67 3.05 9.33 7 4 16 20.33 1.15 1.33 

Kleibshella 
spp. 

6 1 1 11.3 4.93 24.33 14.7 2.08 4.33 15 2 4 22.33 1.15 1.33 

C.tateni 12.3 1.53 2.33 11.3 2.88 8.33 11.33 2.08 4.33 12 2.65 7 19.33 1.53 2.33 

Mycobacterium 11 1 1 15.6 2.30 5.33 13 2 4 10.33 1.52 2.33 21.67 0.58 0.33 

Mean 11.6 1.70 3.61 14.33 2.70 9.05 13.89 2.56 6.88 10.6 2.11 5.44 20.9 0.91 0.99 
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Fig. 4.6 Inhibtion zones indicating antimicrobial activity of Malva neglecta 
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4.3.4.3 Antibacterial assays of Viola odorata 

 

The antibacterial activity of four different extracts of Viola odorata was examined 

against E.coli, Staphylococcus aureus, Bacillus subitilis, Kleibshiela spp., Clostridium tetani 

and Mycobacterium spp. The results of this trial showed a variation trend as found in case of 

Pimpenella stewartii and Malva neglecta. It was found that highest zone of inhibition was 

calculated in crude extract against Mycobacterium spp (18.6 mm) and the minimum zone of 

inhibition in phenolic extract against the Kleibshiela spp. strain (11 mm). 

 

A well defined variation in antibacterial efficacy of different extracts against bacterial 

strains was also observed in case of Viola odorata and the results shown in table 7 clearly 

indicate these variations. 

 

Crude extract of Viola odorata showed highest zone of inhibition (18 mm) against 

Mycobacterium followed by 15 mm in Clostridium tetani and lowest zone of inhibition in 

Kleibshiela spp (7.3 mm). 

 

In case of ethanolic extract of Viola odorata maximum zone of inhibition was recoded 

in E.coli (16.3 mm) followed by Mycobacterium spp. (14.3 mm) and lowest value was recorded 

in Kleibshiela spp (11 mm). 

 

Similar variations were also observed in methanolic extract of Viola odorata where 

lowest value was recorded against Kleibshiela spp (11.6 mm) and highest zone of inhibition 

was recorded in E.coli (17.67 mm). 

 

The phenolic extract of Viola odorata showed the same results as minimum zone of 

inhibition was observed against Bacillus subitilis (12.33 mm) whereas maximum was assayed 

against Clostridium tetani (17.3 mm). 

 

The comparative results of all recorded zone of inhibitions are given in tables 8 and 9 

along with statistical analysis to compare variables and their significant values in each case. 
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Table 4.17 Comparative efficacy of extracts of Viola odorata against selected pathogenic 
bacterial strains (mm/5mgL-1) 

 

Extracts E.Coli Staphylococcus 
aureus 

B. subtilis Kleibshella 
spp. 

C.tateni Mycobacterium 

Crude extract 17 13.6 11 7.3 15 18.67 

Methanolic 
extract 

17.67 15 12.3 11.6 15 16 

Ethanolic 
extract 

16.3 12.67 13.67 11 12 14.33 

Phenolic 
extract 

17 13 12.33 14.67 17.3 13.3 

Control 23.3 22.67 20 18.33 20.67 20.33 
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Figure 4.7 Comparative efficacies of extracts of Viola odorata against 
selected pathogenic bacterial strains (mm/5mgL-1) 
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Table 4.18 Comparative efficacy of different extracts of Viola odorata (mm/5mgL-1) 

 

Strains Crude Methnolic Ethanolic Phenolic Control 

E.Coli 19 17 15 17 18 18 18 16 15 16 17 18 22 23 25 

Staphylo-
coccus 
aureus 

16 13 12 16 15 14 14 12 12 18 12 9 21 25 22 

B. subtilis 13 11 9 14 12 11 12 15 14 12 13 12 20 22 18 

Kleibshella 
spp. 

8 8 6 11 10 14 14 10 9 14 15 15 19 18 18 

C.tateni 14 15 16 14 16 15 11 12 13 16 18 18 20 21 21 

Myco-
bacterium 

16 19 21 18 16 14 14 14 15 12 13 15 21 20 20 

Mean 14.3 13.8 13.16 15 14.5 14.3 13.83 13.16 13 14.6 14.6 14.5 20.5 21.5 20.6 
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Table 4.19 Statistical values of in vitro efficacy of different extracts of Viola odorata. 

 

 Crude Methnolic Ethanolic Phenolic Control 

Strains Mea
n 

S.D V Mean S.
D 

V Mean S.
D 

V Mean S.
D 

V Mean S.
D 

V 

E.Coli 17 2 4 17.6 0.58 0.33 16.3 1.53 2.33 17 1 1 23.3 1.53 2.33 

Staphylococcus 
aureus 

13.67 2.08 4.33 15 1 1 12.67 1.15 1.33 13 4.58 21 22.67 2.08 4.33 

B. subtilis 11 2 4 12.3 1.52 2.33 13.67 1.53 2.33 12.33 0.57 0.33 20 2 4 

Kleibshella spp. 7.33 1.15 1.33 11.67 2.08 4.33 11 2.64 7 14.67 0.57 0.33 18.33 0.57 0.33 

C.tateni 15 1 1 15 1 1 12 1 1 17.33 1.15 1.33 20.67 0.57 0.33 

Mycobacterium 18.67 2.51 6.33 16 2 4 14.33 0.58 0.33 13.33 1.53 2.33 20.33 0.57 0.33 

Mean 10.94 1.445 2.83 11.6 1.26 2.11 8.94 1.15 1.99 11.77 1.4 4.22 17 0.96 1.55 
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Fig. 4.8 Inhibtion zones showing indicating antimicrobial activity of Viola odorata 
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Comparison of Bioassays 

The results of present investigation clearly indicated that the zone of inhibitions caused 

by the different extracts of Pimpenella stewartii, Malva neglecta and Viola odorata do not 

have same pattern of efficacy.  The efficacy of crude extract was proved more efficient in case 

of Malva neglecta and Viola odorata but in case of Pimpenella sttewartii ethanolic extract 

showed more efficacy than crude extract. Khatibi et al., (1989) reported that 5% aqueous 

extract of Viola odorata showed activity against Staphylococcus aureus and 10% aqueous 

extract against Bacilus subtilis, E.coli and Shigella flexneri. Akhtar et al., (2008) pointed out 

that the percent extractability of Viola odorata was highest for aqueous (18.16%) and lowest 

for petroleum ether (7.51%) whereas, the percentage extractability for 50% (v/v) methanol and 

Acetone were 12.22% and 9.08% respectively. They also reported that aqueous extract and the 

methanol extract of Pimpinella anisum exhibited reasonable activity against Escherchia coli, 

Staphylococcus aureus, Streptococcus pyogenes and Klebsiella Pneumoniae, while extracts of 

petroleum ether and acetone were found inhibiting the growth of none of the tested bacteria. 

Ijaz Ahmad et al., (2012) reported that antibacterial activity of Malva neglecta against B. 

subtilis was found in decreasing order of n-hexane (18)>Crude extract (15mm)>ethyl acetate 

(14mm)> aqueous extracts (12mm). Whereas, the activity against E.coli was in order of 

Chloroform (12mm)> aqueous (10mm)>n-hexane, ethyl acetate (0mm). Islam et al., (2007) 

repoted that Antimicrobial activity of Malva pariflora in n-hexane extract was better than 

chloroform and aqueous extracts. 

Similarly the pathogenic bacteria used in present study also inferred in their efficacy as 

Mycobacterium was not inhibited considerably in case of Pimpenella stewartii but results of 

same strain were more statistically significant in case of Malva neglecta and Viola odorata. It is 

also an evident of present study that E.coli, Bacillus subitilis, Kleibshiela spp., and Clostridium 

tetani were resistant in case of methanolic extracts but these strains were inhibited significantly 

by crude extract and methanolic extracts of Pimpenella stewartii, Malva neglecta and Viola 

odorata. Phenolic extracts in case of all three plants were found with lowest inhibition values as 

compared to other extracts tested for efficacy. Jasim et al., (2012) indicated effect of Viola 

odorata against resistant Pseudomonas aeruginosa and found that ethanol was good solvents 

for extracting inhibitory substances from Viola odorata plant. Interestingly, on the other hand 

Eloff (1998) and Ojala (2000) reported that methanol extract from Viola odorata plant had 

more inhibitors than ethanol. 
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4.3.5 Anti fungal Assays of Selected Plants: 
 

In-vitro Efficacy of different extracts of selected plants was carried out against common 

human pathogenic fungi. In present investigation the crude, methanolic, ethanolic and phenolic 

extracts of Pimpenella stewartii, Malva neglecta and Viola odorata were evaluated against 

three fungal strains by well diffusion method. Fungal strains included Aspergillus flavus, Mucor 

hiemalis and Aspergillus niger. 5% streptomycin was used as control along with three 

replicates. 

 

The plant extracts were not only individually evaluated but a comparative efficacy of 

three selected plants against pathogenic microbes was also inferred. The results of theses trials 

are presented below in both individual as well as in aggregate results. 

 

4.3.5.1 Antifungal assays of Pimpenella stewartii 

 

The comparative efficacy of the crude, methanolic, ethanolic and phenolic extracts of 

Pimpenella stewartii was investigated against Aspergillus flavus, Mucor hiemalis and 

Aspergillus niger. It was found that highest zone of inhibition was estimated in ethanolic 

extracts against Aspergillus flavus (16.67 mm) and minimum zone of inhibition was calculated 

in methanolic extract against Mucor hiemalis (6.7 mm). 

 

A well defined variation in antibacterial efficacy of different extracts against bacterial 

strains was observed in present investigation as the results shown in table 1 clearly indicated 

these variations. 

 

Crude extract of Pimpenella stewartii showed highest zone of inhibition (14 mm) 

against Aspergillus niger followed by 13.3 mm in both Aspergillus flavus and Mucor hiemalis 

(9.3 mm). 
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Table 4.20 Comparative efficacy of extracts of Pimpenella stewartii against selected 
pathogenic fungal strains (mm/5mgL-1) 

 

 
Extracts 

 
Aspergillus flavus 

 
Aspergillus niger 

 
Mucor hiemalis 
 

 
Crude extract 

 
13.30 

 
14.00 

 
9.30 
 

 
Methanolic extract 

 
16.67 

 
17.00 

 
6.70 
 

 
Ethanolic extract 

 
8.00 

 
16.67 

 
11.00 
 

 
Phenolic extract 

 
14.33 

 
9.00 

 
10.67 
 

 
Control 

 
20.33 

 
19.00 

 
16.67 
 

 

 

 

 

 

 

 

 

 



119  

 

 

 

 

 

 

 

 

 

Fig. 4.9 Comparative efficacies of extracts of Pimpenella stewartii against 

selected pathogenic fungal strains (mm/5mgL-1) 

 

 

 

 

 

 

 

 



120  

4.3.5.2 Antifungal assays of Malva neglecta 

 

The four different extracts of Malva neglecta were also evalauted against Aspergillus 

flavus, Mucor hiemalis and Aspergillus niger. The results of this trial showed a variation trend 

as found in case of Pimpenella sttwerti. It was found that highest zone of inhibition was 

calculated in crude extract against Aspergillus niger (18 mm) and minimum zone of inhibition 

was calculated in phenolic extract against the Mucor hiemalis strain (6 mm). “The results are in 

line with the findings of other researchers (Ijaz Ahmad et al., 2012) who also reportrd 

antifungal activity of crude crude and aqueous extrats of Malva neglecta against Aspergillus 

niger and Aspergillus flavus. However, Yazdani et al., (2009) found no inhibitory effect of 

Pimpenella anisum on growth of Aspergillus niger. 

 

Crude extract of Malva neglecta showed highest zone of inhibition (18 mm) against 

Aspergillus niger followed by 12.3 mm in Aspergillus flavus and lowest zone of inhibition in 

Mucor hiemalis, (6 mm). 
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Table 4.21 Comparative efficacy of extracts of Malva neglecta against selected pathogenic 
fungal strains (mm/5mgL-1) 

 

 
Extracts 

 
Aspergillus flavus 

 
Aspergillus niger 

 
Mucor hiemalis 
 

 
Crude extract 

 
12.30 

 
18.00 

 
6.00 
 

 
Methanolic extract 

 
17.60 

 
14.00 

 
16.00 
 

 
Ethanolic extract 

 
15.00 

 
12.67 

 
16.67 
 

 
Phenolic extract 

 
10.00 

 
9.33 

 
7.00 
 

 
Control 

 
21.33 

 
20.66 

 
20.30 
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Figure 4.10 Comparative efficacies of extracts of Malva neglecta against 
selected pathogenic fungal strains (mm/5mgL-1) 
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4.3.5.3 Antifungal assays of Viola odorata 

 

The four different extracts of Viola odorata were also evaluated against Aspergillus 

flavus, Mucor hiemalis and Aspergillus niger. The results of this trial showed a variation trend 

as found in case of Pimpenella sttwerti and Malva pariflora. It was found that highest zone of 

inhibition was calculated in crude extract against Aspergillus niger (18.6 mm) and minimum 

zone of inhibition was calculated in phenolic extract against the Mucor hiemalis strain (11 mm). 

Hammami et al., (2011) reported that the essential oil and methanol extract of Viola odorata L.  

has strong  antifungal activity against Botrytis cinerea in vitro. 

 

A well defined variation in antibacterial efficacy of different extracts against bacterial 

strains was also observed in case of Viola odorata as the results shown in table 7 clearly 

indicated these variations. 

These results add support to the claimed folklore use of these plants for some of the 

mentioned therapeutic purposes. 
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Table 4.22 Comparative efficacy of extracts of Viola odorata against selected pathogenic 
fungal strains (mm/5mgL-1) 

 

 
Extracts 

 
Aspergillus flavus 

 
Aspergillus niger 

 
Mucor hiemalis 
 

 
Crude extract 

 
17.00 

 
13.60 

 
11.00 
 

 
Methanolic extract 

 
17.67 

 
15.00 

 
12.30 
 

 
Ethanolic extract 

 
16.30 

 
18.60 

 
13.67 
 

 
Phenolic extract 

 
17.00 

 
13.00 

 
12.33 
 

 
Control 

 
23.30 

 
22.67 

 
20.00 
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Figure 4.11 Comparative efficacies of extracts of Viola odorata against selected 
pathogenic fungal strains (mm/5mgL-1) 
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4.4 IN VITRO ANTIDIABEDIC STUDIES: 

The digestive enzymes of intestine alpha-amylase and alpha-glucosidase play a 

fundamental role in the carbohydrate digestion. The reduction of the post prandial glucose 

level in blood by the inhibition of alpha-amylase and alpha-glucosidase enzymes can be an 

important approach in control of blood glucose level. The purpose of the present study was to 

investigate the in vitro anti-diabetic activity of the different extracts of Pimpenella stewartii, 

Malva neglecta and Viola odorata plants. The assay results show that the presence of 

bioactive compounds could be responsible for the versatile medicinal properties of these 

plants including diabetes. The Viola odorata extract exhibited inhibitory effect on alpha-

glucosidase enzyme (upto 72.0%), and alpha-amylase enzyme (upto 45.7%) at concentration 

of 1mg/ml. The findings of this study proved the in vitro antidiabetic activity of extract of 

Viola odorata. Whereas the Malva neglecta extract showed inhibitory effect on alpha-

glucosidase enzyme (upto 58.50.0%), and alpha-amylase enzyme (upto 38.30%) at 

concentration of 1mg/ml. The minimum antidiabetic activity was observed in Pimpenella 

stewartii which showed inhibitory effect on alpha-glucosidase enzyme (upto 16.76.0%), and 

alpha-amylase enzyme (upto 32.9%) at concentration of 1mg/ml. Rajeshwari et al., (2011) 

pointed out that antidiabetic, hypolipidemic and antioxidant activities exhibited by the 

aniseeds are a result of the synergistic action of the bioactive compounds present in the seeds. 
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Table 4.22 In vitro antidiabetic activity of alpha-amylase method 

 

 
Plant samples 

Concentration of 
Sample (ml) 
 

% of 
Inhibition 

Viola odorata 
 

 
1mg 

 
45.7 

Pimpenella stewartii 
 

 
1mg 

 
32.9 

 
Malva neglecta 

 
1mg 

 
38.3 
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Table 4.23 In vitro antidiabetic activity of alpha glucosidase method 

 

 
Plant samples 

Concentration of 
Sample (ml) 
 

% of 
Inhibition 

Viola odorata 
 

 
1mg 

 
72.06 

Pimpenella stewartii 
 

 
1mg 

 
16.76 

Malva neglecta 
 

 
1mg 

 
58.50 
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4.5 CYTOTOXIC ACTIVITY OF PLANTS: 

4.5.1 Brine Shrimps lethality test: 

 

The extracts of all tested plants exhibited good larvicidal activity brine shrimp The 

lethality concentration (LC50) of Pimpenella stewartii, Malva neglecta and Viola odorata 

extracts were I00 ppm, 10 ppm, and 1 ppm (Table 4.23). The level of lethality was dose 

dependent. 

The highest mortality (76.6%) was noted at a concentration of 1 ppm in Malva neglecta 

followed by 63.66 % at a concentration of 100 ppm in the same plant. The lowest value was 

found 36.66% at a concentration of 100 ppm in extract of Viola odorata. Our findings are 

compareable with the results repoted by Jagdesh et al., (2015) who conducted Brime Shrimp 

Assay for Viola odorata and found that the extracts had showed LC50 values like 43.55µg/ml. 

They claimed that the plant extracts were showing significant cytotoxicity due to the presence 

of some potent phytochemicals. 

Brookes et al., (2010) reported the LC50 values for Pimpenella anisum ranged from 

1.34 ± 0.54 (n=20) mg/mL. Bussmann et al., (2011) reported that Malva sylvestris and Malva 

sp showed cytotoxicity of LC50 >10.000 µg/ml. 

It was noted that the brine shrimp lethality of all plant extracts were dose-dependent. 

The lethality results shown by the tested plant extracts against brine shrimps confirmed that 

these plants have potential for cytotoxic activity. 
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Table 4.24 Number of Shrimp nauplii treated with plant extracts along with percentage 
mortality 

 

Lethality Concentration (LC50) = 95% Confidence level 

(LC50)= toxic at value greater than 1000 µg/Ml 

(LC50)= non toxic at value lesser than 1000 µg/Ml 

 

Plant 
extracts 

 

Concentration 
(ppm) 

Number of 
surviving 
Nauplii after 24 
h 

Total 
number 
of 
survivors 

 

%  
Mortality 

Lethality 
Concentration 
(LC50) 

  T1 T2 T3    

Pimpenella 
stewartii 

I 5 4 4 13 56.66 2.5 

10 5 5 6 16 46.66 2.4 

100 5 5 7 17 43.33 3.7 

Malva 
neglecta 

1 3 2 2 7 76.66 4.1 

10 4 3 4 11 63.33 3.9 

100 5 5 5 15 50.00 2.0 

Viola 
odorata 

1 4 5 4 13 56.66 2.5 

10 6 4 6 16 46.66 2.4 

100 7 5 7 19 36.66 2.1 

DMSO/H2O 1 10 10 10 30 0 0 

 10 10 10 10 30 0 0 

 100 10 10 10 30 0 0 
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4.5.2 Phytotoxic activity by using lemna minor plants: 

Crude extract of the samples were analyzed for phytotoxic activity against the Lemna 

minor L. according to method reported by McLaughlin et al., (1991). About 50 mL of E-

medium was taken in 250 mL transparent plastic cups and 8 mg of crude extract was dissolved 

in 8 mL of DMSO as a stock solution (1000 µg mL-1). This stock solution was further diluted 

by using 50 mL of E-medium and solutions of 1000 µg mL-1, 800 µg mL-1, 600 µg mL-1, 400 

µg mL-1 and  200 µg mL-1 were prepared. Three replicates were taken for each concentration. 

For the comparison of crude extract standard herbicide Atrazine was selected as a positive 

control and the E-medium with 10 mL DMSO was used as a negative control. Solutions of 

different  concentrations of Atrazine were also prepared which were 200 µg mL-1, 400 µg mL-1, 

600 µg mL-1, 800 µg mL-1 and 1000 µg mL-1 of atrazine in E-medium. Three replicates were 

also taken for Atrazine and E- medium. The flasks were subjected to incubation in the growth 

chamber for 07 days The growth regulation was determined with respect to the negative control 

(Figure 4.1). IC50 was calculated with a Finney computer program with 95% confidence 

interval (Table 4.25) McLaughlin et al., (1991). 

The statistical analysis revealed that 800 ppm and 1000 ppm extracts of all the tested 

plants significantly inhibited the growth of Lemna minor with significant differences. The 

plants means were non-significant while the interaction between extracts and plants was 

significant. Plant Malva neglecta and Viola odorata at the concentration of 600-1000 ppm 

caused significant growth inhibition of Lemna minor as compared to Pimpenella stewartii 

which showed no growth inhibition in all concentrations. The interaction between plants and 

dilution was significant. Among the three plants extracts, Malva neglecta showed the highest 

growth inhibition of lemna minor followed by Viola odorata at the same dose whereas 

Pimpenella stewartii showed the lowest mortality of Lemna minor. All the doses (200-1000 

ppm) of the plant extracts showed significant differences of mortality of lemna minor as 

compared to control. The highest mean phototoxic activity (64 %) was shown by Malva 

neglecta, while the lowest dose mean was shown by Pimpenella stewartii (Table 4.25). 

Muhammad and Saeed (2011) observed outstanding phytotoxic effects of Viola Betonicifolia 

against Lamna minor in butanol fraction with 83% inhibition while the ethyl acetate produces 

73% growth inhibition. Attaur-Rehman, et al., (1991), reported that using Lemna assay, it was 

observed that natural antitumour compounds can inhibit Lemna growth. In addition, it was also 

discovered that some substances stimulate frond proliferation, and the assay may be useful to 

detect new plant growth stimulants. 
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Figure 4.12 Showing growth of lemna minor plant in cups.
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Table 4.25  Phytotoxic Activity Malva neglecta using lemna minor plants 

 

Conc (ppm) R1 R2 R3 

200 3 3 1 

400 3 4 3 

600 7 9 9 

800 15 13 16 

1000 20 21 17 

 

Standard = 30 plants were killed after 3 days so standard is 30 

Control= 0 plants even after 7 days 

 Atrazine was used as a standard 

 control means -ve, only E. Medium was used 
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Table 4.26  Phytotoxic Activity Viola odorata using lemna minor plants 

 

Conc (ppm) R1 R2 R3 

200 2 2 3 

400 4 4 3 

600 11 12 8 

800 15 16 11 

1000 22 19 16 

 

Standard = 30 plants were killed after 3 days so standard is 30 

Control= 0 plants even after 7 days 

 Atrazine was used as a standard 

 control means -ve, only E. Medium was used 
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Table 4.27  Phytotoxic Activity of Pimpenella stewartii using lemna minor plants 

 

Conc (ppm) R1 R2 R3 

200 1 1 0 

400 1 3 1 

600 2 2 1 

800 4 2 4 

1000 17 12 13 

 

Standard = 30 plants were killed after 3 days so standard is 30 

 Control= 0 plants even after 7 days 

   Atrazine was used as a standard 

   control means -ve, only E. Medium was used 
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Table 4.28 Statistical analysis of phytotoxic activity of selected plants against Lemna 
minor 

  

Malva neglecta 

 

Viola odorata 

 

Pimpenella stewartii 

Concentration 

(ppm) 

Mean S.D F150 Mean S.D F150 Mean S.D F150 

200 2.333 1.154  

 

839.5 

2.333 0.577  

 

830.14 

0.666 0.577  

 

1337.7 

400 3.333 0.577 3.666 0.577 1.666 1.154 

600 8.333 1.154 10.333 2.081 1.666 0.577 

800 14.666 1.527 14 2.645 3.333 1.1.54 

1000 19.333 2.081 19 3 14 2.645 
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Figure 4.13 Comparative effects of different concentrations of Pimpenella    
stewartii, Malva neglecta and Viola odorata against lemna minor plant. 
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