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ABSTRACT 
The present study was conducted to investigate the potential of antimicrobial activities of 

Paganum harmala and Cichorium intybus and biochemical profile under stress conditions. 

Seedling of Paganum harmala and Cichorium intybus were induced with fungus Aspergillus 

niger. The plant material was harvested at different dpi (day post inoculation) and extracted 

in 10 mM sodium phosphate buffer (pH: 7.2). Protein content of all the harvested samples 

were determined by Bradford method and was found higher at dpi 3 and dpi 4. The different 

biochemical profile were also documented like peroxidase (POD), α-amylase, proteases and 

catalases. The selected extract was partially purified by gel filtration chromatography on 

sephadex G-200. Most of the extracts exhibited maximum antimicrobial activity against 

Fusarium solani, Aspergillus niger, Tricohderma harzianum, Helmenthosporium myedis and 

selected bacterial strain, Staphylococcus aureus, Escherichia coli, Pasteurella multocida and 

Bacillus subtilis. Gel filtration and ion exchange fractions were tested for antimicrobial 

activity and fraction with higher antimicrobial activity was subjected to SDS-PAGE. 

Significant results were observed for choloform extract with inhibition zone (26±0.6) mm  of 

Cichorium intybus and n-butanol extract with zone of inhibition  (22±0.04)mm of Paganum 

harmala respectively. On the basis of these phyotochemical screening, it is concluded that 

these medicinal plants were rich source of different biological active phytoconstituents. It 

was found conspicuous antimicrobial activity of different organic extracts. It was also 

depicted from the current study that the plant extracts also exhibited the antioxidant activity 

conducted on the pBR322 DNA induced by UV and H2O2. In addition, essential oil of these 

plants were extracted using super critical fluid extraction (SCFE) system. GC-MS analysis of 

essential oil of P. harmala and Cichorium intybus revealed 33 and 34 compounds 

respectively. These essential oils also showed highly significant antimicrobial activities 

against the selected microbial species. The current research study explored the selected 

medicinal plant in a very comprehensive fashion and presented their different medicinal and 

biological aspects. In future these results may be used for industrial scale extraction and 

isolation of different bioactive lead compounds using state of art techniques, which will find 

place in herbal industry and also be usable as natural biopreservative. 
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CHAPTER 1 

INTRODUCTION 

 

The uses of medicinal plants to cure human diseases have been on rise. The increased 

interest of scientific and local community towards utilizing medicinal plants for treating 

ailments is due to the reason that plants are generally considered safer with no side effects 

(Sarpeleh et al., 2009). The microorganisms have the tendency to develop drug resistance 

that renders humans prone to several diseases. However, medicinal plants are known to 

possess antimicrobial potential that could be utilized to combat these microbes and there are 

least chances of microbes to get resistance against plant extracts. Because antimicrobial 

activity of plant extract is known to be due to the presence of a number of compounds (Shao 

et al., 2013). There are several reports in the literature that indicated the use of medicinal 

plants as antimicrobial agents (Abbott et al., 2008; Afzal et al., 2013; Sodaeizadeh et al., 

2013).  

Paganum harmala and Cichorium intybus are widely utilized as medicinal plants.  

They are ethno-botanical plants of the Middle East, Mediterranean and Pakistan. Due to 

anthropogenic interventions the plants are universal in supply, cultivates in semi-arid and 

subtropical areas on earths small in nutrients. The seeds of Paganum harmala and Cichorium 

intybus plants are the chief portion, recycled as a neurosensory drug, entertaining medicine 

and for the treatment of skin cancer. Plants contain different chemical species, which may be 

sterols, anthraquinones, flavonoids, triterpenes, oxamides (Dube et al., 2011). 

Antimicrobial potential of these plant have been studied in India and other Asian 

countries but in Pakistan, the activities have not been widely reported. Therefore, the purpose 

of our recent study was to report antimicrobial potential of cichory and harmal native to 

Pakistan. Several of these medicinal plants also have outstanding basis for phytochemicals, 

with potent antioxidant actions (Singh et al., 2005; Kumar et al., 2005). The phenolic 

compounds in plants are important plant metabolites recognized for their antioxidant action. 

Aromatic plants such as herbs and spices are particularly ridiculous in their phenolic content 

and have been extensively charity in outdated medicine to control for several diseases 

(Ramkumar et al., 2009). 
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Chicory (Cichorium intybus L.) has historically been grown worldwide, and this plant 

has medicinal uses. It was used in the folk medicine of ancient Greece and Rome and it has 

recently been used as a leafy vegetable (Mulabagal et al., 2009), bioactive forage (Kidane et 

al., 2009). In recent years, a large number of medicinal functions of chicory have been 

researched. The extracts have also been known to reduce the level of lipids (Shang et al., 

2008), have hepatoprotective potential (Ammara et al., 2009) and important source of some 

antioxidant components (Lavelli, 2008). Chicory has been validated to exhibit antibacterial 

(Wang et al., 2008b) and antifungal activity (Mares et al., 2005). Furthermore, chicory is 

used as anti-inflammatory agents. Moreover, chicory extracts are commonly observed as safe 

by the Food and Drug Administration (FDA) (Schmidt et al., 2007). 

Cichorium intybus is a potential source of alkaloids, flavonoids, triterpenoids, tannins, 

saponins, fatty acids, volatile oils that make it suitable for use in medicines (Nandagopal and 

Ranjitha, 2007). The volatile component contains octane, n-nanodecane, pentadecanone, 

hexadecane and penta salicylate (Asta and Jurga, 2008). The pharmacological studies 

indicated that chicory holds anticarcinogenic (Hazra et al., 2006). Chicory roots have been in 

use as a digestive aid, diuretic, laxative, and slight sedative (Kim, 2000). 

Phenolics are the natural non-enzymatic antioxidants present in plants. However, their 

concentration may vary among species. Plants rich in phenolics are considered beneficial for 

human use either directly as food or as a part of medicin. Phenolics have also been found to 

be natural antimicrobial mixtures, which are vital for snow balling the shelf life of food and 

inhibiting the growth of pathogenic microorganisms (Davidson, 2001). Cichory has been 

shown to possess substantial levels of phenolics that could be utilized for medicinal purposes 

(Laurantos and Karchesy, 2004). The antifungal activity of chicory was also reported (Mares 

et al., 2005). The roots and leaves of this plant possess strong antibacterial and nematicidal 

effect (Aqil and Ahamad, 2003). Many foods are recommended by physicians meant at 

enhancing ingestions of antioxidants so as to decrease the risk of chronic and degenerative 

disease linked to oxidative stress (Davidson, 2001). The further importance is to need the 

study of different organic fractions of this plant to draw complete picture of its potential as 

antimicrobial activity. In addition, essential oil of Cichory is also known to possess different 

biological antimicrobial activities. However, validation of essential oil as antimicrobial agent 

requires GC-MS analysis which would highlight the compounds likely to be involved in 
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antimicrobial activity. Supercritical fluid extraction is widely used now a day for extraction 

of oil as state of art technique (Reverchon et al., 2012).  

Oxidative stress is a significant supplier to the pathophysiology of a diversity of 

pathological situations comprising cardiovascular dysfunctions, atherosclerosis, swelling, 

carcinogenesis, drug toxicity, reperfusion injury and neurodegenerative diseases (Aruoma, 

1998). A large group of free radicals has been exposed to arise in many ailing situations 

(Halliwell and Gutteridge, 1990). Though, our body arrangements defend themselves 

alongside free radical harm by antioxidant enzymes such as superoxide dismutase, catalase, 

glutathione dependent enzymes such as glutathione peroxidase, glutathione reductase etc as 

well as compounds such as ascorbic acid, α-tocopherol, glutathione and other antioxidant 

compounds (Datta et al., 2000). Antioxidant escalations are vital to hostage the oxidative 

harm. Furthermore antioxidants may play a role in inhibition of diseases such as cancer, 

cardiovascular disease, Alzheimer’s disease and muscular degeneration by scavenging free 

radicals (Winterbourn, 1995). Phenolics are well-organized free radical scavengers they can 

potentially cooperate with natural systems and play a role in anticarcinogenic, 

antiatherogenic, anti-inflammatory, antimicrobial and antioxidant activities (Delgado-

Adamez et al., 2012). 

Chicory is also known as a basis of dietary fibers, such as inulin and fructo-

oligosaccharides, which have health-promoting possessions (Bais and Ravishankar, 2001). 

Chicory roots have remained charity as a digestive aid, diuretic, laxative, and slight sedative 

(Bais and Ravishankar, 2001). Its aqueous ethanolic and methanolic extracts have been 

shown to affect cholesterol uptake (Kim, 2000) and stop tumor development. 

Paganum harmala is widely utilized as medicinal plant. Antimicrobial potential of 

this medicinal plant has also been reported.  Harmal is one of the ethno-botanical plants of 

the Middle East, Mediterranean, and Pakistan. It is also extensively recycled in the traditional 

and ethno-medicinal organizations of altered cultures. Due to anthropogenic interventions 

harmal is universal in supply, and cultivates in semi-arid and subtropical areas on earths 

small in nutrients. The seeds are the chief portion recycled as a neurosensory drug and 

entertaining medicine and for the treatment of skin cancer, temperature, round worm, etc. 

Plant contains different chemical species; those may be sterols, anthraquinones, flavonoids, 

triterpenes, oxamides (Dube et al., 2011). 
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Paganum harmala possesses a prominent position possessing the phenolics. It is not 

only a rich source of phenolics but also contains several other chemical constituents that have 

known antimicrobial effects.  There are reports that indicated the presence of important 

components in essential oil of this plant. Furthermore, it is known that presence of these 

chemical compounds in essential oil could be responsible for its antimicrobial potential 

(Chatterjee et al., 2011). However, climatic conditions may result in significant variation in 

chemical constituents of essential oil. Paganum harmala plant has been explored for 

medicinal and antimicrobial potential in several Asian countries except in Pakistan. 

Paganum harmala L. is a curatively main desolate herbaceous plant of the family 

Zygophyllaceae. It is communal names are harmala, Syrian rue, wild rue, harmal and Africa 

rue. Its seed extracts is identified to comprise alkaloids, steroidal components, fatty acids, 

amino acids, and carbohydrates etc. They are mostly responsible for assorted natural and 

pharmacological events, comprising abortifacient antibacterial anti-cholinesterase 

antileishmanial antimicrobial antinociceptive antiplasmodial antiprotozoal antiseptic 

antitumor and antiviral and are human monoamine oxidase inhibitors. Paganum haramal 

seeds widely used as an analgesic, anthelmintic, and as medication for mind or nervous 

complications, stomach complications high bilirubin level and lumer pain. The digetion of 

harmala seeds extract containing β-carboline alkaloids may affect in toxic belongings, 

namely optical and acoustic hallucinations, loco motor eye disorders nausea vomiting 

misperception, and agitation (Sarfaraz et al., 2011). 

Four alkaloids separated from the seeds of Paganum harmala, harmine establishes the 

chief constituent, the other three fashionable as minor residents. One of these is revealed to 

be harmaline, the additional negligible dishonorable being deoxyvascinone, the third one 

being below classification however its ghost like investigates propose it to be a two 

alkoxyquinolone derivative. A new synthesis of deoxyvascinone has been achieved from 

anthranilic acid and γ-aminobutyric acid. Throughout this synthesis further invention is also 

attained for which a reasonable configuration has been guessed from shadowlike suggestions 

(Nenaah, 2010).  
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After the detailed and comprehensive review on the selected medicinal plants, research 

project was planned with the following objectives; 

Objectives: 

I. Biochemical analysis of the Cichorium intybus and Paganum harmala plants 

germinated under stress conditions 

II. Screening of Cichorium intybus and Paganum harmala plant extracts for 

antimicrobial activity against pathogenic fungi and bacteria and antioxidant potential. 

III. Isolation and purification of bioactive compounds from the selected parts of these 

medicinal plants 

IV. GC-MS analysis and antimicrobial activity of the essential oil extracted by 

supercritical fluid extraction system from these medicinal plants 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

 Medicinal plants play an important role in the field of natural products and human 

health care system. Chemical constituents present in the various parts of the plants can resist 

to parasitic attack by using several defense mechanisms. In the current study two medicinal 

plants Cichorium intybus and Paganum harmala are selected for the biochemical and 

medicinal potential under stress conditions and for the exploration of different biological 

potential. Here below is a comprehensive review of literature presented related to these 

plants. 

Cichorium intybus 

 Ernst et al. (1995) recorded the carbohydrate changes in Cichorium intybus during 

growth and storage. They concluded that levels of sucrose and fructose in chicory roots 

persists same over the growing season while levels of total non-structural carbohydrates 

(TNC) and fructans rise. Chicory leaves have traces amount of fructan in leaf lamina but leaf 

petioles, especially in the basal region, high level. Krebsky et al. (1996) recorded the fatty 

acids in polar lipids from Cichorium intybus. They observed that younger leaves have high 

FA ratios. Floral stalks and leaves showed a decrease in total FA and concluded that the 

relation to diagnostic value in respect of plant tissue age determination. Ahmed et al. (2003) 

recorded the antihepatotoxic activity of seeds of Cichorium intybus and concluded that 

methanolic fraction and compound AB-IV found to possess a potent antihepatotoxic activity 

almost complete normalization of the tissues. 

  Gazzani et al. (2000) investigated the water soluble antioxidant properties of 

Cichorium intybus in vitro as antioxidant activity (AA) and in vivo as protective activity (PA) 

against rat liver cell microsome lipid peroxidation measured as 2-thiobarbituric acid-reactive 

substances (TBA-RS) generated by peroxide degradation. All the vegetable juices showed 

high but very variable AA (83%) and PA (64%). After dialysis and analysis of fractions it 

was shown that the vegetable contained both biological antioxidant and prooxidant 

compounds. Electrophoretic analysis revealed that the most active fraction was a complex 

mixture of brown component at molecular weight of 300 kDa. 
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 Pushparaj et al. (2001) investigated the hypoglycemic and hypolipidemic properties 

of an ethanolic extract of Cichorium intybus (CIE) which is widely used in India as a 

traditional treatment for diabetes mellitus. Male Sprague–Dawley rats aged 9 weeks (160–

200 g) were administered with streptozotocin (STZ, 50 mg/kg) intraperitoneally to induce 

experimental diabetes. The Cichorium intybus whole plant was exhaustively extracted with 

80% ethanol, concentrated at 40 °C using a rotavapor and freeze dried to get powder. 

Hypoglycemic effects of CIE were observed in an oral glucose tolerance test (OGTT) in 

which, a dose of 125 mg of plant extract/kg body weight exhibited the most potent 

hypoglycemic effect. Moreover, daily administration of CIE (125 mg/kg) for 14 days to 

diabetic rats attenuated serum glucose by 20%, triglycerides by 91% and total cholesterol by 

16%. However, there was no change in serum insulin levels, which ruled out the possibility 

that CIE induces insulin secretion from pancreatic β-cells. In addition, hepatic glucose-6-

phosphatase activity (Glc-6-Pase) was markedly reduced by CIE when compared to the 

control group. The reduction in the hepatic Glc-6-Pase activity could decrease hepatic 

glucose production, which in turn results in lower concentration of blood glucose in CIE-

treated diabetic rats. In conclusion, results support the traditional belief that Cichorium 

intybus could ameliorate diabetic state. 

 Huseini et al. (2003) studied the efficacy of herbal medicine Liv-52 (consisting 

of Mandur basma, Tamarix gallica and herbal extracts of Capparis spinosa, Cichorium 

intybus, Solanum nigrum, Terminalia arjuna and Achillea millefolium) on liver cirrhosis  and 

outcome was compared with the placebo for 6 months in 36 cirrhotic patients referred to 

Tehran Hepatic Center. The outcome measures included child-pugh score, ascites, serum 

alanine aminotransferase (ALT), aspartate aminotransferase (AST), total billirubin, albumin, 

prothrombin time, platelet and white blood cells counts. The results demonstrated that the 

patients treated with Liv-52 for 6 months had significantly better child-pugh score, decreased 

ascites, decreased serum ALT and AST. In placebo administered patients all the clinical 

parameters recorded at beginning of the study were not significantly different than after 6 

months. In conclusion that Liv-52 possesses hepatoprotective effect in cirrhotic patients. This 

protective effect of Liv-52 can be attributed to the diuretic, anti-inflammatory, anti-oxidative, 

and immunomodulating properties of the component herbs. 
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 Marley et al. (2003) reported that farmers use anthelmintics to control helminth 

parasite. Several factors insist farmers to find another way to control parasite. Studies prove 

that some alternative forages may reduce parasitic infestation in sheep. Now recent studies 

shows that under UK environmental conditions lambs with naturally acquired helminth 

infections grazing Cichorium intybus have fewer helminth parasites than sheep grazing 

ryegrass.for experiment twelve pure-bred Lleyn male lambs grazed replicated 0.5 ha plots of 

birdsfoot trefoil, chicory or ryegrass for 5 weeks. Lambs grazing birdsfoot trefoil had a lower 

FEC on day 7 (P<0.05) and fewer total adult helminths as compare to those grazing the other 

forages on day 35 (P<0.01). Lambs grazing chicory no lower FEC than lambs grazing other 

forages but these lambs were found to have fewer total adult abomasal helminths. So they 

concluded that grazing lambs inversely correlated with the intensity of helminth parasites, so 

prove that contention alternative forages could have a positive role in the control of helminth 

parasites in sheep. 

 Mares et al. (2004) studied that extracts from roots of the common vegetable 

Cichorium intybus to investigate their possible biological activity on fungi from a variety of 

ecological environments: some are parasites on plants (phytopathogens) or of animals and 

humans (zoophilic and anthropophilic dermatophytes), others live on the soil and only 

seldom parasitize animals (geophilic dermatophytes). The extracts were ineffective on 

geophilic species and on tested phytopathogens, with the exception of Pythium ultimum, 

whereas they inhibited the growth of zoophilic and anthropophilic dermatophytes, in 

particular Trichophyton tonsurans var. sulfureum, whose treatment caused morphological 

anomalies, here observed by scanning electron microscopy. This behaviour is discussed on 

the basis of the presence in the chicory extract of the two main sesquiterpene lactones, 8-

deoxylactucin and 11 beta, 13-dihydrolactucin. 

 Cichorium intybus is one of the most important medicinal plants which belong to 

Asteraceae family. In the present work, antimicrobial screening of Cichorium intybus seed 

extract was studied by agar well diffusion assay by using aqueous and organic extracts 

aganist the selected microbes. The results obtained from antimicrobial screening 

scientifically support the effectiveness of the medicinal plant (Sheikh et al., 2012). The 

therapeutic vegetation plays an essential part in the area of natural products and human 

medical care system. Substance elements existing in the various areas of the vegetation can 
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avoid to parasitic strike by using several immune system. One such procedure is the features 

of anti-microbial substance. Cichorium intybus is one of the essential medicinal vegetation 

(Tauseef et al., 2004). 

 Innocenti et al. (2005) studied the fresh leaf and stem extract of different chicory 

varieties: green chicory, two red chicory varieties were analysed by HPLC. The 

chromatographic fingerprint was diagnostic for each variety. The phenolic compounds from 

total leaves were the same as those obtained from only the colored parts; and also the 

chemical stability at high temperature was observed for the phenolic fraction from the green 

variety after decoction at 100°C for 30 min. Bischoff et al. (2004) recorded the antimalarial 

activity of lactucin and lactucopicrin isolated from Cichorium intybus. They concluded that 

light-sensitive sesquiterpene lactones lactucin and lactucopicrin are antimalarial compounds. 

 Sun et al. (2006) investigated the polysaccharide compositions of cell walls isolated 

from the laminae and midribs of chicory (cv. Grasslands Puna II) leaves. The walls, which, 

except for the walls of xylem tracheary elements in vascular bundles, were non-lignified, 

were fractionated progresively with 50 mM CDTA, 50 mM Na2CO3, 1 M KOH, 4M KOH, 

4M KOH + 3.5% H3BO3, and hot water. Monosaccharide and linkage analyses of the 

polysaccharides in the walls and wall fractions indicated that the polysaccharides were 

similar to those in the nonlignified walls of other dicotyledons. In contrast, the proportions of 

cellulose, xyloglucans, heteroxylans and glucomannans were particularly low. The wall 

polysaccharides from the leaf laminae differed from those from the midribs in having higher 

proportions of homogalacturonans, lower proportions of non-pectic polysaccharides, and 

RG-I with a higher ratio of galactan to arabinan.  

 HeimLer et al. (2009) reported the conventionally and biodynamically grown chicory 

(Cichorium intybus L.). Chicory plant was studied for its polyphenol content and antiradical 

activity. Two growing periods were analysed; in the first, the plants were subjected to severe 

water stress; in the second the stress was absent. The polyphenol content (Folin–Ciocalteu 

test) was higher in samples from the former than in the latter (about 650 and 420 mg of gallic 

acid/100 g fresh sample, respectively), and in any case did not differ between the two 

growing systems. Biodynamic farming, like organic farming, allows the achievement of good 

results, with particular attention to environmental conditions.  
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 Wang et al. (2009) evaluated the herbicidal potential of extracts from chicory 

(Cichorium intybus L.) roots on the germination of Echinochloa crusgalli L. Beauv 

and Amaranthus retroflexus L. Eight ultrasonic assisted-extraction (UAE) conditions were 

optimized, using an orthogonal matrix design. The extract concentrations that would yield the 

largest allelopathic effects on the plant species were estimated by a modeling analysis. Our 

results showed that an alcohol solvent extract of chicory root had significant herbicidal 

activity which depended on the extract concentrations and the target species. The half-

inhibitory concentrations of crude extract of chicory root ranged from 0.5 g/L−1 to 40.5 g/L. 

At a frequency of 40 kHz, the optimum UAE conditions to produce an extract for use as 

herbicide against E. crusgalli L. included an ethanol content (Ec) of 50% (v/v), a solvent-to-

solid ratio (SR) of 16:1, an ultrasound temperature (UT) of 35 °C, an impregnation time (Imt) 

of 24 h with two rounds of impregnation (Imr), a sonication period (St) of 120 min with two 

rounds of sonication (Sr) and an ultrasound input power (P) of 200 W. The optimum 

conditions to produce an extract for use against A. retroflexus L. included an Ec of 100% 

(v/v), a SR of 16:1, an UT of 20 °C, an Imt of 48 h with two Imr, a St of 30 min with one Sr 

and a P of 400 W. The extract had the largest inhibitory effects on the germination index and 

root growth of both E. crusgalli L. and A. retroflexus L. at concentrations ranging from 30.8 

to 33.7 g/L. At a concentration of 4.2 g/L, the extract significantly enhanced the shoot growth 

of A. retroflexus L. Overall, chicory root extract has potential for use as a main ingredient in 

natural herbicides or for development as a novel plant-derived herbicide. 

 Jurgonbski1 et al. (2011) determined the chemical composition of the ethanol extracts 

of chicory root, peel, peel, seed and leaf, was determined in particular their inulin and 

phenolic fractions. The root and peel extracts were characterized by large mass fractions of 

inulin while phenolics, determined as caffeoylquinic acids, made up 0.5 and 1.7 g per 100 g 

of fresh mass, respectively. The leaf and seed extracts had decidedly lower mass fractions of 

inulin and higher mass fractions of phenolics, recognized as caffeoylquinic acids, chicoric 

acid and quercetin glucuronide. 

 Ferioli et al. (2012) studied new methods for recovering and purifying sesquiterpene 

lactones (SLs) and optimise the solvent system for their extraction from freeze-dried chicory 

leaves. Solid phase extraction (SPE) employing silica-based cartridges allowed a fast and 

straightforward purification of SL from interfering phenolics, before HPLC determination. 
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Under these conditions, SL was eluted during loading and washing steps whereas polar 

phenolic compounds were retained on silica stationary phase. Hydrophilic mixtures 

methanol/water acidified by small percentages of formic acid led to consistently higher SL 

recoveries in comparison to organic solvents and enabled the simultaneous extraction of 

phenolics. Phenolic recovery in crude extracts was assessed at levels higher than 95% for 

both Catalogna and Head Radicchio. Total, free and bound SL amounts detected in extract 

obtained by 2% (v/v) formic acid in methanol/water 4/1 (v/v) were 2223.4, 778.5 and 1444.9 

mg/kg of dried product in Catalogna, and 401.2, 105.1 and 296.0 in Head Radicchio. In both 

cases, recoveries were consistently higher than those obtained with methanol alone. 

 Mehmood et al. (2012) studied the antimicrobial and antioxidant effectiveness of 

methanolic extract and different fractions (n-butanol, ethyl acetate, chloroform and n-hexane) 

of C. intybus seeds were evaluated. The antimicrobial activity was determined by the disc 

diffusion method and minimum inhibitory concentration (MIC) against a panel of 

microorganisms (four bacterial strains, i.e. P. multocida, E. coli, B. subtilis and S. aureus and 

three fungal strains, i.e A. flavus, A. niger and R. solani). The results indicated that seeds 

extract and fractions of C. intybus showed moderate activity as antibacterial agent. While 

Antifungal activity of C. intybus seeds extract/fractions was very low against A. flavus and A. 

nigerwhile mild against R. solani. The C. intybus seeds extract/fractions contained 

appreciable levels of total phenolic contents (50.8-285 GAE mg/100g of Dry plant matter) 

and total flavonoid contents (43.3-150 CE mg/100g of Dry plant matter). The C. intybus seed 

extract/fractions also exhibited good DPPH radical scavenging activity, with IC50 ranging 

from 21.28- 72.14 μg/mL. Of the C. intybus seeds solvent extract/fractions tested, 100% 

methanolic extract and ethylacetate fraction exhibited the maximum antioxidant activity. The 

results of the present investigation demonstrated that healing plants play an important aspect 

in the place of organic products and human health care program. 

 Carazzone et al. (2013) identified the phenolic constituents in Cichorium intybus by 

high-performance liquid chromatography and electrospray ionisation tandem mass 

spectrometry. This was first study reporting the glycosylation type and position of mono- and 

diglycosylated flavonoids in red salads.  Ozgen et al. (2004) determined the total phenolic 

compounds of some medicinal Asteraceae species including Cichorium intybus used in folk 

medicine. These species are Achillea biebersteinii, Achillea wilhelmsii, Artemisia 
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absinthium, Artemisia. Among all these the Cichorium intybus showed highest antioxidant 

activity and highest DPPH radical scavenging activity in water extracts. 

 Papetti et al. (2013) reported the low molecular mass extract of Cichorium intybus 

var. silvestre (red chicory) has been shown to inhibit virulence-linked properties of oral 

pathogens including Streptococcus mutans, Actinomyces naeslundii and Prevotella 

intermedia. The extract contained a number of components, including oxalic, succinic, 

shikimic and quinic acids, which interfere with the growth and virulence traits of oral 

pathogens involved in gingivitis and tooth decay. Succinic and quinic acid seem to be the 

most potent, mainly by interfering with the ability of oral pathogens to form biofilms.  

Paganum harmala 

 Osman et al. (2000) extracted the seeds of Paganum harmala by distilled water and 

methanol. The extracts were then tested as anti-cercaria in vitro which whih were collected 

from the natural infected snails with schistosoma mansoni cercaria .All concentrations of 250 

ppm up to 1000 ppm showed 100% mortallity rate during the first half an hour of exposure 

for all used extracts.serial dilution concentratratins of both water and methanolic extracts 

(125/67/35 and 15 ppm) were tested and found to exhibit different mortality rates with an 

LCR 50R 291.27, 111.05,64.74 and 47.95 ppm for the water extract and 97.92, 53.49 & 

26.95 methanolic extract successfully for the diluted concentrations of ( 125, 62, 31 & 

15ppm) . On the other hand the methanolic extract showed 100% mortality rates after 3 hours 

of exposure for the whole concentrations. 

 Shahverdi et al. (2005) studied that Paganum harmala has some beneficial effects. 

The smoke of its seeds is traditionally used as a disinfectant. Its seed extracts are known to 

contain β-carbolin alkaloids, anthroquinons, and a small quantity of flavor. It is reported that 

alkaloids in Paganum harmala seed are mainly responsible for different pharmacological 

activities including antibacterial effects in addition to vasorelaxant, antihemosporidian, 

anticancer, antinociceptive, antitumor or antineoplastic, and antiprotozoal effects. Moreover, 

therapeutic doses (1 g/kg of BW) of this plant have been reported to be nontoxic in a rodent 

model.  

 Zhang et al. (2006) reported that the hypha growth inhibiting method and the 

virulence determination method were used to investigate the inhibition effects of the 

petroleum ether fraction, chloroform fraction, ethyl acetate fraction, n-butanol fraction and 
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water fraction in the alcoholic extracts from the above ground of Paganum harmala L. on the 

five types of popular plant pathogenic fungi, Alternaria solani, Phytohthora capsici, 

Fusarium bulbigenum, Fusarium oxysporum f. niveum and Valsa mali. The results showed 

that chloroform fraction, nbutanol fraction, and ethylacetate fraction can inhibit the growth of 

five types of popular plant pathogenic fungi. The inhibition effect of chloroform fraction was 

the most potent, with the inhibition rate about more than 83% to 5 plant pathogenic fungi 

under the concentration of 15 mg/mL. Under the concentration of 15 mg/mL, the ethyl 

acetate fraction and n-butanol fraction thoroughly inhibited the growth of Alternaria solani 

and Valsa mali, with the inhibition rate up to 100%. The n-butanol fraction showed the 

highest potent virulence, with EC50 to Alternaria solani and Valsa mali about 0.09 and 0.279 

mg/mL respectively. 

 Maghami et al. (2009) applied partial least squares regression method for 

simultaneous spectrophotometric determination of harmine, harmane, harmalol and 

harmaline in Paganum harmala L. (Zygophyllaceae) seeds. The effect of pH was optimized 

employing multivariate definition of selectivity and sensitivity and best results were obtained 

in basic media (pH > 9). The calibration models were optimized for number of latent 

variables by the cross-validation procedure. The proposed method was validated by applying 

it to the analysis of the β-carbolines in synthetic quaternary mixtures of media at pH 9 and 

11. Analysis of P. harmala seeds by the proposed models for contents of the β-carboline 

derivatives resulted in 1.84%, 0.16%, 0.25% and 3.90% for harmine, harmane, harmaline and 

harmalol, respectively. The results were validated against an existing HPLC method and no 

significant differences were observed between the results of two methods. 

 Sarpeleh et al. (2009) tested antifungal properties of water soluble, ethanolic and 

methanolic extracts taken from leaves, floral tissues,and seeds of wild rue (Paganum 

harmala L.) on the mycelial growth and spore germination of Phytophthora drechsleri, 

Verticillium dahliae, Sclerotinia sclerotiorum, Cladosporium cucumerinum, Corynespora 

cassiicola, Alternaria sp., Ulocladium sp., Botrytis cinerea, Monosporascus cannonballus, 

Fusarium oxysporum f. sp. melonis, Macrophomina phaseolina, Rhizoctonia solani and 

Trichoderma harzianum. The water soluble extracts caused a significant decrease in the 

mycelial growth of the majority of fungi tested with maximum activity detected for seed 
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extracts. Additionally, water soluble seed extract inhibited spore germination of Fusarium 

oxysporum f. sp. melonis. This study demonstrated the antifungal activity of P. harmala 

extracts on phytopathogenic fungi which can be used as an alternative for chemical 

compounds.  

 Ahmad et al. (2010) purified protein from seeds of Paganum harmala against CCl4 

induced toxicity in male albino rats. The purification steps included ammonium sulphate 

fractionation, chromatography on DEAE- cellulose, CM-Sepharose, and Superdex 75 

columns. The molecular mass of the purified protein was 132 kDa using gel filtration 

techniques; it consisted of two subunits with molecular masses 30.199 kDa and 38.018 kDa 

by SDS-PAGE. The dose-dependent experiment of the purified protein prior to CCl4 

administration was found to be higher at 4 mg/kg body weight. The antioxidant activity of 

the purified protein was determined in vitro using the DPPH radical scavenging test. 

Administration of CCl4 significantly increased the activities of ALT, AST, ALP in serum. 

However, a significant decrease in the level of total serum protein, as well as, the activities of 

SOD and CAT, and GSH were also decreased in liver tissues, whereas a significant increase 

in MDA level was recorded. Pre-treatment with 4 mg/kg b.wt of the purified protein 

significantly altered the deteriorating damage induced by CCl4 toxicity to almost normal 

range, which was nearly similar to treatment with vitamin C. These results suggest that the 

purified protein possesses a protective effect against CCl4 induced toxicity and probably acts 

as an anti-oxidative defense through free radical scavenging activity  

 Benbott et al. (2010) evaluated the antimicrobial activity of crude extracts of 

alkaloids in seeds and roots of the plant Paganum harmala L. against some gram positive 

bacterial strains such as Staphylococcus aureus and Staphylococcus saprophyticus and gram 

negative such as Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus 

mirabilis and Serratia spp, using the diffusion method in agar (antibiogram). Crude extracts 

of roots and seeds alkaloids have shown considerable activity against all organisms tested, 

seeds alkaloid showed a high activity at a concentration of 100 mg/mL compared to roots 

alkaloidal at the same concentration, especially against Gram+ strains. The diameters of 

inhibition zones ranged from 11 to 22 mm for all treatments. The values of the minimum 

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were 
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determined. It was observed that the MIC and MBC of crude alkaloid extracted from the 

seeds Paganum harmala reached 0.78mg/mL, with the 

 Derakhshanfar et al. (2010) evaluated the role of Paganum harmala extract on 

experimental skin wound healing. The investigation was carried out on 30 male Sprague-

Dawley rats in the same conditions. Two uniform 7-mm diameter skin defects were created 

on the back of each animal by skin punch (total of 60 wounds). The extract was then applied 

once daily on half of the wounds. The animals were sacrificed on day 10 for histopathologic 

and biomechanical examinations. P. harmala extract significantly increased the number of 

fibroblasts and capillary buds and also decreased the epithelial gap which showed the better 

healing in treatment group. On the other hand, the improvement of biomechanical indices in 

treatment group revealed a significant increase in tensile strength of the wounds. It can be 

concluded that Paganum harmala is an effective herbal remedy in wound healingesteem 

throughout Asia Minor as a medicinal plant (Mirzaie et al., 2007). The smoke of Paganum 

harmala seeds is traditionally used in Iran as a disinfecting agent (Shahverdi et al., 2005). Its 

seeds were known to possess hypothermic, hallucinogenic, antibacterial, antifungal, antiviral, 

and antitumoral properties (Lamchouri et al., 1999). Although, various authors have 

undertaken studies on the effect of Paganum harmala in treatment of certain dermatoses (El-

Saad El-Rifaie 1980), documented studies on the effect of this extract in skin wound healing 

are lacking in the literature. So, in this study Paganum harmala extract has been used for 

exaggerating experimental skin wound healing in rats. 

 Gomahnenaah (2010) studied the β-carboline alkaloids of Paganum harmala through 

a bioassay-guided fractionation and checked their antimicrobial activities. Results revealed 

significant differences between compounds depending on the microorganism tested and the 

application method. When examined individually, harmine was the most effective against 

Proteus vulgaris, Bacillus subtilis and Candida albicans where inhibition zones ranged 

between 21.2 and 24.7 mm. Potentiality of the alkaloids was increased when applied as 

binary mixtures suggesting a kind of synergistic interaction with inhibition zones reaching 

31.5 mm with the total alkaloidal extract. It is recommended that the use of such compounds 

as new antimicrobial biorationals. 

 Hayet et al. (2010) revealed that ethyl acetate, chloroform, butanol and methanol 

extracts of the leaves of Paganum harmala showed antibacterial, antioxidant and antiviral 
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activities. The antibacterial activity was evaluated by the determination of minimum 

inhibitory concentration (MIC) using the solid medium technique. The antiviral activity was 

evaluated against human cytomegalovirus (HCMV) strain AD-169 (ATCC Ref. VR 538) and 

Coxsackie B virus type 3 (CoxB-3) using diagnostic method ‘shell-vial’ culture. The 

antioxidant activity was evaluated using ammonium thiocyanate method. Among tested 

extracts, methanol and chloroform extracts displayed a higher antibacterial activity against 

gram-positive than gram-negative bacteria. The methanol extract demonstrated the highest 

antioxidant activity and good antiviral activity against HCMV. 

 Paganum harmala is one of the most famous medicinal plant used in traditional 

medicine. Antibacterial effects of the methanolic extract of different parts of P. harmala 

including root, stem, leaf, flower and seed against some important human pathogenic bacteria 

were assessed by disc diffusion method. Active extract was fractioned using thin layer 

chromatography; also their synergism activity in combination with synthetic antibiotic was 

evaluated. Among the evaluated parts of P. harmala, the root and seed extracts presented 

antibacterial activity against all of tested bacteria even at the lowest concentration. 

Antibacterial effect of leaf part was moderate while stem and flower extracts showed 

relatively poor activity. Antibacterial activity of root extract against most of the tested Gram 

positive bacteria was better than seed extract. MIC (Minimal Inhibitory Concentration) and 

MBC (Minimal Bactericidal Concentration) values for both extracts against MRSA 

(Methicillin Resistant Staphylococcus aureus) and for seed extract against E. coli and S. typhi 

were equal. TLC results revealed that seed and root extracts were different in terms of nature 

and content of their constituents. Furthermore, these two extracts showed an excellent 

stability to temperature and pH treatment. Also, the seed and root extracts showed synergism 

in combination with novobiocin, colistin and carbenicillin. In conclusion, P. harmala can be 

assigned as a source of antibacterial compounds for treatment of infections caused by multi-

drug resistant (MDR) bacterial pathogens (Darabpour et al., 2011). 

 Asgarpanah and Ramezanloo (2012) reported Paganum harmala is known as Syrian 

rue, Wild rue and Harmal. P. harmala extracts are considered important for drug 

development, because they are reported to have numerous pharmacological activities in the 

Middle East, especially in Iran and Egypt. For a long time P. harmala has been used in 

traditional medicines for the relief of pain and as an antiseptic agent. P. harmala also have 
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antibacterial, antifungal, antiviral, antioxidant, antidiabetic, antitumor, antileishmanial, 

insecticidal and cytotoxic activities and hepatoprotective and antinociceptive effects. 

Harmaline, harmine, harmalol, harman, quinazoline derivatives, vasicine, vasicinone, 

anthroquinons and fixed oils are reported from seeds and roots of this plant. This plant is 

used as a medicine in Turkey, Syria, Iran, Pakistan, India, Egypt and Spain. 

 Baghiani et al. (2012) demonstrated that seeds of Peaganum harmala with solvent of 

varying polarity allowed their separation into four subfractions. Total polyphenols and 

flavonoids contents of Peaganum harmala seeds extracts (PHSE) were determined as gallic 

acid equivalent were in the following order: chloroform extract (CHE) ethyl acetate extract 

(EAE) crude extract (CE). The superoxide radical scavenging properties of PHSE were 

determined by either production of uric acid and reduction of Cytochrom c. The inhibition 

ratios of the Xanthine Oxidase (XO) by CHE and EAE were effective followed by CE. 

Results for the Cyt c assay were in the same order. The antioxidant potential was confirmed 

with the non enzymatic methods. The highest DPPH radical scavenging activity was 

observed with CE followed by EAE and CHE. Peaganum harmala extracts have strong free 

radicals scavenging and antioxidant activities and may prove to be of potential health benefit. 

In addition, the ability of PHSE to inhibit XO can be of great use in some diseases where XO 

is incriminated. 

General Review of literature related to antioxidant and antimicrobial 

activity of medicinal plants 

 The anti-microbial action of raw ethanolic ingredients of 16 Siberian therapeutic 

vegetation was examined against five types of microorganisms: Bacillus cereus, Escherichia 

coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Infections. Of the 16 vegetation 

examined, 12 revealed anti-microbial action against one or more types of harmful bacteria. 

The most effective anti-microbial vegetation were Bergenia crassifolia, Chelidonium majus, 

Rhaponticum carthamoides, Sanguisorba officinalis and Tussilago farfara (Kokoska et al., 

2002). 

 De Silva et al. (2003) isolated Liv.52, a hepatoprotective agent of herbal source, is 

used empirically for the treatment of liquor addiction liver organ condition in Sri Lanka.  

They evaluate the effectiveness of Liv.52 in sufferers with liquor addiction liver organ 

condition. Patients with proof of liquor addiction liver organ condition attending out-patient 
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treatment centers were included in a prospective, double sightless, randomized, sugar pill 

managed test. During the free test, 80 sufferers who satisfied addition requirements were at 

random allocated Liv.52 or sugar pill (controls) the recommended amount of three 

supplements twice daily for 6 several weeks. All sufferers experienced scientific evaluation 

(for which a scientific score was computed), and clinical research for routine blood chemical 

make up and liver organ operate before beginning of treatment (baseline). There after, 

scientific tests were done monthly for 6 several weeks, while clinical research was done after 

1 and 6 several weeks of treatment. There was no factor in the age structure, liquor intake 

and guideline liver organ operate between the two categories. The two-sample t-test was used 

to evaluate data obtained after 1 and 6 several weeks of treatment against guideline 

principles. There was no factor in scientific result and liver organ chemical make up between 

the two categories at any time point. There were no reports of side effects because of the 

drug. They suggested that Liv.52 may not be useful in the management of sufferers with 

liquor caused liver organ condition. 

 Jabeen et al. (2003) metabolites from in vitro cultures include three classes: 

Polyphenols (Anthocyanins, Flavonoids, Flavone, Lithospermic B), Isoprenoids 

(carotenoidLycopene, monoterpene, Xantophylls), Other structures: Tocopherols (vit E), 

Betalanins: Kinobeon A, Vitamin B6, Ascorbate, Reduced glutathione, Superoxide dismutase 

(SOD), Catalase, Selenium, Manganese. In this paper, structure and the list of some 

medicinal plants with these compounds were reviewed. Pelegrini and Franco (2005) reported 

proteins isolated from plant roots, seed products, blossoms, arises, and results in and have 

confirmed activities towards phytopathogens, as well as against harmful bacteria pathogenic 

to humans.  

 Aqil et al. (2006) screened the methanolic crude extracts of 12 traditionally used 

Indian medicinal plants for their antioxidant and free radical scavenging properties using 

alpha-tocopherol and butylated hydroxy toluene (BHT) as standard antioxidants. Antioxidant 

activity was measured by ferric thiocyanate (FTC) assay and compared with the 

thiobarbituric acid (TBA) method. Free radical scavenging activity was evaluated using 

diphenyl picryl hydrazyl (DPPH) radicals. The overall antioxidant activity of Lawsonia 

inermis was the strongest, followed in descending order by Ocimum sanctum, Cichorium 

intybus, Piper cubeba, Punica granatum, Allium sativum, Delonix regia, Terminalia chebula, 
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Terminalia bellerica, Mangifera indica, Camellia sinensis and Trigonella foenum-graecum. 

Seven plants, namely Terminalia chebula, Mangifera indica, Terminalia bellerica, Punica 

granatum, Ocimum sanctum, Cichorium intybus, and Camellia sinensis showed strong free 

radical scavenging activity with the DPPH method. The phenolic concentrations in the above 

plants ranged from 28.66 to 169.67 mg/g of dry plant extract. A fair correlation between 

antioxidant/free radical scavenging activity and phenolic content was observed among 9 

plants; however, in 3 plants (Piper cubeba, Lawsonia inermis and Trigonella foenum-

graecum), no such relationship was observed. The tested plant extracts showed promising 

antioxidant and free radical scavenging activity, thus justifying their traditional use (Xu et 

al., 2005). 

 Hicham et al. (2006) reported that anti-oxidants are important for food protection 

against destruction responses brought on by environmental fresh air. Considerable effort has 

been instructed in search for safe antioxidants from organic resources. Naturally sourced 

antioxidants could be discovered in fruits and vegetables, vegetables, insane, seed products, 

simply leaves, flowers, origins and barks. Many researchers have discovered different types 

of antioxidants in various kinds. The important natural oils in the results in and blossoms 

were able to decrease the constant toxic DPPH to the yellow-colored colored diphenyl picryl 

hydrazine with IC50s of 57 and 50 μg/mL, respectively, whereas the artificial and natural anti-

oxidant actions were 21 and 36 μg/mL, respectively. This research exposed that the blossoms 

of B. pilosa have an anti-oxidant action that is just like that of artificial anti-oxidants. 

Furthermore, the important natural oils of the results in and the aqueous ingredients of the 

results in and blossoms displayed greater anti-oxidant actions than did the plant natural oils. 

The lower action of the important natural oils of B. pilosa's blossoms may be due to their 

movements at greater conditions  

 Narula et al. (2007) reported that herbs are now in great demand in both developed 

and developing countries because of their proven efficacy and little or no reported side 

effects. Secondary metabolites, the active principles expensive to produce and accumulate 

are usually biosynthesized in smaller quantities. This has resulted in ruthless exploitation of 

medicinally important plants creating imbalance in supply and demand. An alternative 

technology could be the application of in vitro culture of desirable medicinal plants to 

increase the plantation propagules and enhance the yield of specific drug components. 
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Successful micropropagation protocols for various medicinal plants have been developed and 

their conservation has also become feasible through synthetic seeds and cryopreservation 

technologies. Besides other techniques, genetic engineering of medicinal plants using 

Agrobacterium mediated transformation has many advantages that include fast growth and 

high level of stable production of secondary metabolites making them commercially and 

economically feasible.   

 Tawaha et al. (2007) demonstrated that phytochemicals as new sources of natural 

antioxidants can be used in foods and pharmaceutical preparations in order to replace 

synthetic antioxidants, which are constrained due to their potential health risks andtoxicity. 

The 51 plant species of Jordanian origin have been have been screened for their antioxidant 

avtivity and total phenolic contents using the improved ABTS method and the Folin–

Ciocalteu colorimetric method. The  range of total phenolic content of aqueous and 

methanolic extracts of the investigated plant species were from 2.8 to 70.3 and from 2.6 

to59.6 mg GAE/g dry weight, respectively, and  the range of  total antioxidant capacity was 

from 12.9 to 731 and from 10.1 to 720 mol TE/g dry weight, respectively. A number of plant 

species, were identified as among the best sources of free radical-scavenging compounds. 

There was positive linear correlation between antioxidant activity and total phenolic content 

for aqueous and methanolic extracts. Thus, it was concluded that phenolic compounds were 

the predominant antioxidant components in the investigated plant species. 

 Arshad et al. (2008) evaluated that anti-oxidants are vital ingredients which possess 

the ability to protect our bodies from damage brought on by no cost radical-induced oxidative 

pressure. A wide range of toxic scavenging antioxidants exist within our bodies which many 

of them are resulting from dietary resources like fruits and vegetables, vegetables and herbal 

tea. In the past few years, it has been established that toxins and oxidative pressure are 

involved in the pathophysiology of a wide range of conditions such as coronary artery 

disease, serious kidney failing, diabetes, cancer, defense malfunction and aging. Limitation 

on the use of artificial antioxidants due to their probable side-effects has increased the 

participation of organic antioxidants. The anti-oxidant action of several plant elements, 

beyond the natural vitamins, in the form of raw extract or separated substance has been put 

widely into consideration. Antioxidising action of many phenolic ingredients, such as 

flavonoids, has drawn significant attention and revealed to be more powerful antioxidants 
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than natural vitamins C, E and-carotene. The antioxidant action of Fraxinus rhynchophylla 

plant offers anti-bacterial, anti-inflammatory, anti-allergic and anticancer results. Caffic 

acidity, tyrosol, syringaldehyde, sinapaldehyde, syringin, daucosterel and ursolic acidity are 

mainly substances in this plant, and some of them could be anti-oxidant elements. 

 More et al. (2008) investigated ethanol extracts of eight plant species used 

traditionally in South Africa for the treatment of oral diseases for in vitro antimicrobial 

activity against oral pathogens namely Actinobacillus actinomycetemcomitans, Actinomyces 

naeslundii, Actinomyces israelii, Candida albicans, Porphyromonus gingivalis, Privotella 

intermedia and Streptococcus mutans using the disk diffusion method. Minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) of ethanol extracts 

were determined against these microorganisms using micro dilution. The cytotoxicity and 

therapeutic index (TI) of selected active extracts were also determined. Out of eight plants, 

six (Annona senegalensis, Englerophytum magalismontanum, Dicerocarym senecioides, 

Euclea divinorum, Euclea natalensis, Solanum panduriforme and Parinari curatellifolia) 

exhibited MIC values ranging from 25.0 mg/mL to 0.8 mg/mL. Gram negative bacteria were 

found to be more resistant to the plant extracts than Gram positive bacteria, except for Euclea 

natalensis which inhibited all three Gram negative bacteria tested in this study. All plant 

extracts showed moderate cytotoxicity on the Vero cell line. The author reported that the 

study was showed fifty percent inhibitory concentration.  

 Muthusamy et al. (2008) reported that diabetic is a typical and very frequent 

condition impacting the people of both designed and developing countries. It is approximated 

that 25% around the globe inhabitants isaffected by this condition. Being diabetic is brought 

on by the problem of carbs metabolic rate which is connected to low system blood insulin 

stage or insensitivity of focus on body parts to system insuli. Despite considerable progress 

in the therapy of diabetes by dental systems of medication. The vegetation provides a 

potential source of hypoglycemic medication because many vegetation and flower derived 

substances have been used in the therapy of diabetes. Many Indian vegetation have been 

examined for their beneficial use in different types of diabetes and reports occur in numerous 

scientific magazines. Ayurveda and other traditional therapeutic system for the therapy of 

diabetes explain a number of vegetation used as herbal medication. Hence, they play an 

important part as alternative medication due to less adverse reactions and low cost. 
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Hypoglycemic herbs increase system insulin release, enhance sugar usage by adipose or 

muscles and restrict sugar intake from bowel and sugar production from liver. Insulin and 

oral hypoglycemic providers like sulphonylureas and biguanides are still the major players in 

the management but there is quest for the growth of more effective anti-diabetic agents 

(More et al., 2008). The 125 mg of flower extract/kg body weight displays the most 

potenthypoglycemic effect. Moreover, daily administration of Cichorium intybus (C1E) (125 

mg/kg) for 14 days to suffering from diabetes mice attenuates serumglucose by 20%, 

triglycerides by 91% and total cholesterol  Being diabetic is a typical and very frequent 

condition impacting the people of both designed and developing countries (Eba et al., 2008). 

 Silva et al. (2008) demonstrated that antibacterial peptides are effective against 

harmful bacteria at low stages and have been identified in side-line mobile stages of seed 

products and vegetative tissues, according to the operated as a main security of vulnerable 

tissues. Most necessary protein discuss some common functions such as positively charged 

continues to be and high cysteine material for the growth of disulphide connections. 

However, some anti-bacterial necessary protein, such as the necessary protein divided from 

fruit water and the glycine-rich peptide from guava seed products, respectively, have acidity 

functions and no disulphide joins. Most necessary protein have verified action against a 

number of different micro organism kinds and are therefore attractive candidates for control 

of strikes  

 Conforti et al. (2009) evaluated hydroalcoholic extracts of ten edible plants for their 

in vitro antioxidant and antiradical properties and in vivo topical anti-inflammatory activity. 

All the extracts had antioxidant properties.Hawkweed oxtongue, poppy and viper’s bugloss 

extracts showed the greatest inhibition of linoleic acid oxidation, viper’s bugloss and 

hawkweed oxtongue extracts had the greatest antioxidant effect on bovine brain peroxidation. 

All the extracts also showed an anti-inflammatory effect. Chicory leaves contained the 

highest amount of sphenolics and γ-sitosterol (12.2%) and ergost-5-en-3-ol (3β) (4.5%) 

found the major constituents. 

 Victor et al. (2009) studied the phytochemical testing of extract and parts were 

analyzed to identify the use of glycosides, flavonoids, terpenoids, tannins, alkaloids and 

saponins. Anti-fungal action of different solution parts (methanol, hexane, ethyl acetate, and 

chloroform) of Chicorium intybus and Paganum harmala and its various phytoconsitituents. 
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Using slim part, pillar and powerful fluid chromatography techniques, the bioactive parts 

were filtered. 

 Derwich et al. (2010) extracted the essential oils of leaves of Mentha pulegium and 

analysed by gas chromatography equipped with flame ionisation detector (GC-FID) and 

gaschromatography coupled to mass spectrometry (GC–MS), to determine the chemical 

composition of the volatile fractionand identify their chemotypes. The essential oil yield and 

the percentage of identified compounds were 1.66% and 97.34% respectively. The major 

component was piperitone (35.56%), otherpredominant constituents were: piperitenone 

(21.18%), α-terpineol (10.89%), pulegone (6.452%), piperitone oxide (4.02%), menthol 

(3.28%), menthone (3.09%), neomenthol (2.80%), menthofuran (2.15%), isomenthone 

(1.56%), carvone (1.13%), geranyl acetate (1.06%), germacrene D (1.03%) and limonene 

(1.02%). 

 Barbara et al. (2011) analyzed in vivo and in vitro antioxidant action. The complete 

phenolic material of the draw out was 230 mg of Gallic acidity equivalents/g draw out. The 

draw out revealed very good scavenging action on 2, 2-diphenyl-picrylhydrazyl (DPPH) 

(IC50 620.30 ± 0.14 μg/mL), hydroxyl (IC50 730.21 ± 1.05 μg/mL), and nitric oxide 

supplements (IC50 870.31 ± 0.19 μg/mL) radicals, as well as great decreasing energy. In vivo 

study CCl4 caused oxidative pressure created considerable improve in SGOT, SGPT and 

LDH stages along with decrease in liver organ SOD, CAT, GSH and GPx stages. Pre-

treatment of mice with the draw out (250 and 500 mg/kg) for One week revealed 

considerable decrease in the stages of SGOT, SGPT and LDH in comparison to CCl4 

handled mice. SOD, CAT, GSH and GPx stages were more than doubled due to therapy with 

the draw out. 

 Conforti et al. (2011) tested hydroalcoholic extracts from 18 non-cultivated 

vegetables for their free radical scavenging activity (FRSA) in the DPPH screening assay and 

for their in vitro inhibition of nitric oxide (NO) production. The strongest activity shown for 

Rubus caesius (leaves), Mentha spicata subsp. glabra (leaves) and Origanum vulgare subsp. 

viridulum (stems and leaves) with IC50 values of 5, 6, 8 μg/mL, respectively. Significant 

cytotoxic effect was shown for the seeds of F. vulgare subsp. piperitum. A. retroflexus 

(leaves) presented the highest content in linoleic acid. 
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 Antioxidant is a compound that inhibits or delays the oxidation of substrates even if 

the compound is present in a significantly lower concentration than the oxidized substrate. 

Antioxidants that scavenge reactive oxygen species (ROS) and reactive nitrogen species 

(RNS) may be of major importance in preventing the onset and/or the progression of 

oxidative pathologies and provide protection to foods (Angaji et al., 2012). Antioxidant 

secondary metabolites from in vitro cultures include three classes: Polyphenols 

(Anthocyanins, Flavonoids, Flavone, Lithospermic B), Isoprenoids (carotenoid lycopene, 

monoterpene, Xantophylls), Other structures includes Tocopherols (vit E), Betalanins: 

Kinobeon A, Vitamin B6, Ascorbate, Reduced glutathione, Superoxide dismutase (SOD), 

Catalase, Selenium, Manganese (Angaji et al., 2012). 

 Diamond et al. (2012) distillated the leaves and rhizomes of five Aframomum species, 

A. elliotii, A. strobilaceum, A. geocarpum, A. longiscarpum and A. sceptrum with Clevenger 

apparatus type. Higher yields were found in theleaves varying between 0.28% and 0.42%, 

while the rhizomeoil shown lower yields accounting for 0.13-0.19%. The results of the 

analysis of volatile oils by GC and GC/MS have showed 52 identified components with the 

total proportion ranged from 96.3to 97.9%. The chemicalcomposition of the leaves oil was 

dominated by hydrocarbon compounds such as -pinene, -caryophyllene,-humulene, -selinene, 

-selinene and germacrene A. Mean while, the rhizomes oil characterized with oxygenated 

components, namely eucalyptol, linalool andcaryophyllene oxide accompanied by a few 

hydrocarbon constituents.  Biochemical profiling and antimicrobial activity of Cichorium 

intybus and Paganum harmala extract were found in the literature but no literature were 

available related to antimicrobial activity, total phenolic contents and antioxidant seedling 

extracts of these medicinal plants under biotic stress condition and also GC-MS profiling and 

antimicrobial activity of essential oil study of these plants were not reported already in the 

literature. After the detailed and comprehensive review on the selected medicinal plants, 

research project was planned to determine above discussed parameters. 
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Chapter 3 

MATERIALS AND METHODS 

 

The present research was planned to screen the potential of antimicrobial activity of 

extracts from Cichorium intybus and Paganum harmala under induced condition of Aspergillus 

niger.The biochemical profile of both selected plants was also recorded.  Following strategies 

and layout was adopted for the current study. 

Materials 

Fungal strains 

The pure cultures of following fungal strains were used in this study:  

I. Fusarium solnai 

II. Aspergillus niger 

III. Trichoderma harzianum 

IV. Helmmenthosporium myedis 

Bacterial strains 

I. Staphylococcus aureus 

II. Escherichia  coli 

III. Pasteurella multocida 

IV. Bacillus subtilis 

 
 These strains were collected from Department of Clinical Medicine and Surgery 

(CMS), Faculty of Veternary Sciences, University of Agriculture Faisalabad, Pakistan. 

Cichorium intybus and Paganum harmala seeds 

 Both medicinal plants were selected on the basis of intensive review and 

ethnophormacologic impotance. Seeds were purchased from the local seed market of 

Faisalabad, Pakistan and identified from Department of Botany, University of Agriculture 

Faisalabad, Pakistan. Their scientific and local names are given below; 
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Classification of both plants 

Scientific name     Local name 

Cichorium intybus     Kasni 

Paganum harmala      Harmal 

Chemicals and Reagents 

The chemicals which were used in the present study are as follow; 

Chemical Name     Company 

Ammonium sulphate     Sigma-aldrich, USA 

Sulphuric acid      Sigma-aldrich, USA  

Sodium hydroxide     Biobasic-Canada 

Glucose      Sigma-aldrich, USA  

Tris-HCl      Sigma-aldrich, USA  

Streptomycine sulphate    Sigma-aldrich, USA 

Bovine serum albumin    Sigma-aldrich, USA  

Sephadex G-200     Sigma-aldrich, USA  

Sodium acetate     Sigma-aldrich, USA  

Trisma base      Sigma-aldrich, USA  

Nutrient agar      Oxoid, UK 

Nutrient broth      Oxoid, UK 

Potato dextrose agar     Oxide, UK 

Bradford reagent     BioRad-USA 

etc. 

Instruments and Equipments 

The instruments used for different processes during the study with their company are 

as follows; 

Name of instrument   Manufacturing Company 

Blender     Mamrelax, Fait Common, France   

H-200nR Centrifuge    Kokusan, Japan       

Autoclave     Omron, Japan                       

Spectrophotometer U-2001   Hitachi, Japan           
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Laminar Air Flow    Dalton, Japan          

IncuSafe CO2 Incubator   Sanyo, Germany    

KS 40 V 620 NE Freezer   Siemens, Japan  

Microplate Stirrer    Clifton, China              

Electric Balance MP-300   Ohyo, Japan              

Water Bath     Memmertt, Japan 

µ-Quant                                                  BioTek-USA 

Methods 

The methodology for research work has been discussed under the following categories; 

3.1  Germination, induction and extraction of antimicrobial protein/peptides. 

3.2  Determination of different biochemical parameters under induction condition. 

3.3  Antimicrobial assay of crude and partially purified extracts and fractions. 

3.4  Isolation and purification of phytoconstituents from the selected parts of these plants. 

3.5  Purification of peptide and protein by ammonium sulfate precipitation, column 

chromatography and SDS-PAGE Gel electrophoresis. 

3.6  Antioxidant activity of extract from Cichorium intybus and Paganum harmala 

seedlings. 

3.7  GC-MS analysis and antimicrobial activity of the essential oil extracted from the 

medicinal plants. 

3.1 Germination, induction and extraction of antimicrobial proteins/peptides 

 The seeds were made dirt free by washing with tap water and then with distilled 

water, dried to remove excess water moisture. The seeds were germinated under controlled 

condition Cichorium intybus and Paganum harmala plants were grown in New Botanical 

Garden, University of Agriculture, Faisalabad, Pakistan. Plants were grown under natural 

conditions. The climate condition at the experimental site during the determination of 

different physiological attributes like day and night temperature was 39.28 ±3.0°C and 22.92 

±4.0°C respectively. photosynthetically available radiation (PAR) measured at non varied 

from 897 to 1364 µ mol m-2 s-1 and day night RH 33.1 /55.1%. respectively while 

geographical  location of New Botanical Garden  was latitude 30°.30 N and longitude 73°.10 
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E and altitude 213 from sea level Plants at reproductive stage were harvested and shade dry 

material of this plant was used for antimicrobial activity. 

  The fungal induction was conducted on sprouted seeds with Aspergillus niger (4.36 

spores/mL) in each Petri plate. The inoculated seeds were harvested at different day post 

inoculation (DPI). The first sample was harvested as control without induction. Then after 

induction other harvesting were taken after every 24 h. The seedlings were extracted in 10 

mM sodium acetate buffer (pH: 5.2). The homogenized mixtures were centrifuged on high 

speed refrigerated centrifuged machine at 10,000 rpm at 4ºC for 15 min. The supernatant 

collected and stored at -20ºC (Shahid et al., 2008).  Further more, the filtration of supernatant 

will be performed to remove remaining residues of seedlings from the extracts. 

3.2 Biochemical parameters 

Extraction of plant extract 

 Two gram plant material at seedling stage was weighed and crushed into piston 

martam. And the extraction was done in The presence of 10 mM sodium phosphat buffer 

having pH 7. By using trypsin as an protease inhibiter and the extract was stored at 4°C. 

3.2.1 Protease activity  

 The activity of protease was determined by the casein digestion assay described by 

Drapeau et al. (1974). A series of tubes were equilibrated with 2.0 /mL of 1% casein at 37°C 

for 5 min. To all the tubes 100 µL of plant seedling extract was added and mixed well. A 

reagent blank was also included. Exactly 10 min, after adding samples, reaction was stopped 

by adding 2.0 mL trichloro acetic acid (TCA) solution and mixed well. Tubes were then 

allowed to stand for 10 min and then reaction solution was filtered to remove the precipitate 

formed during reaction. The absorbance of filtrate was measured at 280 nm by using 

microplate reader using a sample size of 200 µl. One unit of protease activity is defined as 

the amount of enzyme which releases acid soluble fragments equivalent to 0.001 units per 

min. 

3.2.2 Catalase (CAT) and Peroxidase (POD) activity  

 Activities of CAT and peroxidase (POD) were measured using the method of Chance 

and Maehly (1955) with some modifications. The CAT reaction solution (3 mL) contained 50 

mM phosphate buffer (pH 7.0), 5.9 mM H2O2, and 0.1 mL enzyme extract. The reaction was 

initiated by adding the plant seedling extract of different dpi. Changes in absorbance of the 
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reaction solution at 240 nm were read every 20 sec. One unit CAT activity was defined as an 

absorbance change of 0.01 units per min. The POD reaction solution (3 mL) contained 50 

mL phosphate buffer (pH 5.0), 20 mL guaiacol, 40 mL H2O2, and 0.1 mL enzyme extract. 

Changes in absorbance of the reaction solution at 470 nm were determined every 20s. One 

unit of POD activity was defined as an absorbance change of 0.01 units per min.The activity 

of each enzyme was expressed on protein basis. Protein concentration of the crude sample 

was measured by the Bradford (1976) method. 

3.2.3 α – Amylase activity 

 α- amylase activity was measured using the method of Varavinita et al. (2002) with 

some modifications. The α- amylase reaction solution 5 mL contains 100 µL plant seeds 

extract of different Dpi, 100 µL calcium chloride solution and 1 µL tris/HCl buffer of pH 

(7.0) and incubate for 30 min. Add 1 µL dinitrosalicylic acid (DNS) in reaction solution and 

boil the solution for 100 min and volume make up to 5 mL. Measure the changes in 

absorbance of the reaction solution at 540 nm. One unit amylase activity was defined as an 

absorbance change of 0.01 units/min. 

3.3 Antimicrobial activities of samples 

Inocula preparation 

 All the ingredients were weighed accurately and mixed in about 500 mL distilled 

water and the final volume made upto 1000 mL in flask and maintain the pH 7.4. This 

medium was then autoclaved. Then cool the media and a loop full from pure culture of a 

bacterial strain was mixed in this medium and then put this flask in shaker for 24 h and at 

37°C. All inoculums of other strain were prepared in this manner. Finally the inocula were 

stored at 4°C.  Inocula with 1108 CFU/mL is used for antibacterial assay. 

3.3.1. Diffusion method assay 

 Nutrient agar (Oxide, UK) was prepared by adding 30 g/L of agar to broth medium 

and autoclaved. Before transferring this medium in sterilized Petri plates, inoculum was 

added to the medium while it was liqid and quite cold (about 1 mL of inoculum per 1 L of 

growth medium). Mixed well and pore into Petri plates. After this, small wicks paper discs 

were laid flat on growth medium and 100 µL of extract was put on each disc. The Petri plates 

were then incubated at 37°C for 48 h, for the growth of bacteria. The extracts having 
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antibacterial activity, inhibited the bacterial growth, the inhibition and the clear zones were 

formed. The zones of inhibition were measured in millimeters using zone reader (ClSI, 

2011). 

3.4. Antifungal assay 

Preparation of Potato dextrose agar (PDA) medium 

 The pH of medium was adjusted to 5.4. The medium was autoclaved and then 

transferred to test tubes set to slanting positions after autoclave and allowed the medium to 

be solidified. These solidified slants were kept in the incubator at 28°C for 48 h as a check 

for contamination. 

Streaking of antifungal strains 

 The fungal strains were cultured to the slants in the sterilized laminar air flow from 

the pure culture. These cultured slants were incubated at 28°C for 4-5 days for the 

multiplication of fungal strains. The inocula of fungal strains were prepared by pasteurization 

addition of inoculums preparation sterilized 1% glucose solution to the slants with the help of 

sterilized syringe. The spores were mixed with glucose solution with the help of sterilized 

glass rod to form fine spore suspensions that were used for further growth. 

Antifungal Assay 

 The prepared sterilized growth medium was transferred to the autoclaved Petri plates 

(about 20-30 mL medium per Petri plate). Before the transfer of growth to the petri plates, 

Chloramphenicol sulphate solution, 100 µL per 30 mL of growth medium to make it 

selective for fungal growth (Riaz et al., 2012) and inocula, 200 µL per 30 mL of growth 

media were administrated. The Petri plates were then incubated at 28°C for 48 h, for the 

growth of fungus. After this, small wicks paper discs were laid flat on growth medium 

having fungal growth and 100 µL of extract was put on each disc. The Petri plates were then 

again incubated at 28°C for 48 h, for the growth of fungus. The extracts having antifungal 

activity, inhibited the fungal growth, the inhibition and the clear zones were formed. The 

zones of inhibition were measured in millimeters using zone reader (Clsi, 2011). 

Minimum Inhibitory Concentration (MIC) 

 Minimum inhibitory concentration of different collected sampleswere determined by 

micro-dilution methods on the selected fungal and bacterial strains (Sarker et al., 2007). 
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MICs were determined by a micro-broth dilution method   in 96-well plates in a total volume 

of 300 µl per well. Wells were inoculated with ~105 CFU per well, and antibiotics were 

tested at concentrations from 1 to 0.006 µg/ mL by twofold step dilution. The plates were 

incubated for 18 h at 37°C and growth of the cultures was monitored by measuring OD-600 

using a Multiskan Spectrum-1500 Spectrophotometer (Thermo Scientific). MIC tests were 

performed in triplicate and were repeated at least six times. 

3.5 Phytochemical screening 

 Phytochemical screening of extract and fractions was studied to detect the presence of 

glycosides, flavonoids, terpenoids, tannins, alkaloids and saponins. Antifungal activity of 

different solvent fractions (methanol, hexane, ethyl acetate, and chloroform) of Chicorium 

intybus and Paganum harmala and their various phytoconsitituents were determined and 

subject to antimicrobial activity. 

 Using thin layer, column and high performance liquid chromatography techniques, 

the bioactive fractions was purified (Victor et al., 2009). 

Qualitative analysis 

Test for Alkaloids: The 2 mL of the extract and 0.2 mL of dilute hydrochloride acid were 

taken in a test tube. Then, 1 mL of Mayer’s reagent was added. A yellowish buff precipitate 

is indicative of the presence alkaloids (Biswas, 2011). 

Test for tannins: About 0.5 g of the extract was boiled in 10mL of water in a test tube for 5 

min.The mixture was filtered and then in 5 mL of filtrate solution. A few drops of 0.1% ferric 

chloride was added and observed for brownish green or a blue-black coloration (Menghani et 

al., 2012). 

Test for terpenoide (Salkowski’s test): The 1 mL of chloroform was added to 200 µL of the 

extract followed by a few drops of concentrated sulfuric acid. A reddish brown precipitate 

produced immediately indicated the presence of terpenoides (Misra, 2011). 

Test for Flavonoids: A few drops of concentrated hydrochloride acid were added to a small 

amount of plant extrct. Immediate development of a red colour indicates the presence of 

flavonoids. (Biswas, 2011). 

Test for saponins: To 0.5 g of extract was added 5mL of distilled water in a test tube. The 

solution was shaken vigorously and observed for the formation of an emulsion Menghani et 

al., 2012) 
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Test for Phlobatanins: The extract (0.5 g) was dissolved in distilled water and filtered. The 

filtrate was boiled with 2% HCl solution. Red precipitate showed the presence of 

phlobatanins (Uddin, 2011). 

Test for Steriods: The 1 mL of the extract was dissolved in 10 mL of chloroform and equal 

volume of concentrated sulphuric acid was added by sides of the test tube. The upper layer 

turns red and sulphuric acid layer showed yellow with green fluorescence. This indicated the 

presence of steroids (Savithramma, 2011). 

Test for cardiac glycosides (kellar kiliani test):  The 200 µL of the extract was dissolved in 

100 µL of glacial acetic acid. Few drops of 5% ferric chloride was added followed by a few 

drops of concentrated sulphuric acid. A greenish blue colour confirmed the presence of 

glycosides (Misra, 2011).   

Quantitative analysis 

Alkaloid determination: 

The 5 g of the sample was weighed into a 250 mL beaker and 200 mL of 10% acetic acid in 

ethanol was added and covered and allowed to stand for 4 h. This was filtered and the extract 

was concentrated on a water bath to one-quarter of the original volume. Concentrated 

ammonium hydroxide was added drop wise to the extract until the precipitation was 

complete. The whole solution was allowed to settle and the precipitated was collected and 

washed with dilute ammonium hydroxide and then filtered. The residue is the alkaloid, which 

was dried and weighed (Sutharsingh et al. 2011). 

Saponin determination:  

The 20 g of each grounded sample was put into a conical flask and 100 mL of 20% aqueous 

ethanol was added. Then the flask was heated on a hot water bath for 4 h. with constant 

stirring at about 

55°C. The mixture was then filtered and the residue was again extracted with another 200 mL 

20% ethanol. The combined extract was reduced to 40 mL on a hot water bath at about 90°C. 

Theconcentrate was transferred into a 250 mL separatory funnel, added 20 mL diethyl ether 

in it followed by vigorous shaking. The aqueous layer was recovered while the ether layer 

was discarded. The purification process was repeated. 60 mL of n-butanol was added. The 

combined n-butanol extracts were washed twice with 10 mL of 5% aqueous sodium chloride. 
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The remaining solution was heated in a water bath. After evaporation the samples were dried 

in oven, weighed and saponin content was calculated as percentage (Khan et al., 2011). 

Flavonoid determination: 

 Aluminium chloride colorimetric method with some modification was used to 

determine flavonoid content. Plant extract (1mL) in methanol was mixed with 1mL of 

methanol, 0.5 mL aluminium chloride (1.2%) and 0.5 mL potassium acetate (120 mM). The 

mixture was allowed to stand for 30 min a room temperature then the absorbance was 

measured at 415 nm. Quercetin was used as standard. Flavonoid content is expressed in terms 

of quercetin equivalent (mg-1 of extracted compounds) (Vaghasiya et al. 2011). 

Total Phenolic Contents of Paganum harmala by HPLC analysis 

 HPLC Analysis.  

 The analytical HPLC system employed consisted of a JASCO highperformance liquid 

chromatograph coupled with aUV-vis multiwavelength detector (MD910JASCO). The 

analytical data were evaluated using a JASCO data processing system (DPL910/V). The 

separation was achieved on a Waters Spherisorb 5 ím ODS 24.6- 250 mm columnat ambient 

temperature. The mobile phase consisted of water with 1% glacial acetic acid (solvent A), 

water with6% glacial acetic acid (solvent B), and water/acetonitrile (65:30 v/v) with 5% 

glacial acetic acid (solvent C). with some modifications: 100% A, 0-10 min; 100% B,10-30 

min; 90% B/10%C, 30-50 min; 80% B/20% C, 50-60 min; 70% B/30% C, 60-70min;100% 

C, 70-105 min; 100% A, 105-110 min; post-time, 10min before next injection. Theflow rate 

was 0.5 mL/min, and the injection volume was 20 íL. The monitoring wavelength was 280 

nm.The identification of each compound was based on a combination of retention time and 

spectral matching (XU et al., 2004). 

Preparation of extraction buffer 

 The extraction buffer used was 10 mM sodium phosphat buffer. For the preparation 

of 10 mM sodium phosphat buffer, chemicals were weighted accurately and mixed in 

distilled water, and then the volume of the buffer up was maintain to 1.0 L, having pH 7. 
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Protein content determination 

 The protein content of crude, (NH4)2SO4 residue, supernatants and dialyzed samples 

of seeds were determined spectrophotometerically. The steps involved in the protein contents 

determination are as under; 

Preparation of standard solutions 

 The standard bovine serum albumin (BSA) solution of concentration of 1 mg per 1 

mL was prepared and diluted to form standards of concentrations of 0, 10, 20, 40, 80, 160 

and 200 µg/mL for the standard assay. Standard BSA solution of 100 µL was taken in the 

sterilized test tubes in triplicate form and 1mL of Bradford reagent was added to each test 

tube. All the standard solutions were incubated at 37°C for 10-15 (Lebendiker, 2012). 

Preparation of sample solutions 

 Each sample, 10 µL was taken in the sterilized test tube in triplicate form and 1.0 mL 

of Bradford reagent was added to each test tube. All the sample solutions were incubated at 

37°C for 10-20 min. Blank solution contained 10 µL of distilled water and 1.0 mL of 

Bradford reagent and was also incubated at 37°C for 10-20 min. 

Standard Protein Assay Procedure 

 Prepare standard and sample solution for the determination of proteins. Use a 2 mL 

quartz cuvetts filled with blank solution to blank the spectrophotometer over this range. 

Other for the sample or standard solution starting with the lowest protein concentration and 

working up, or one of the samples to be assayed. Cover with parafilm and gently invert 

several times to mix. Record the absorbance at 595 nm. Examine the spectra of standards of 

samples. If any sample has an absorbance at 595 nm greater than 2, dilute the sample by a 

known amount and repeat the assay (Bradford, 1976). 

Preparation of standard curve 

 Draw a graph between the standards concentrations of and the absorbance at 595 nm. 

It is a straight line that is presented below in figure 3.1. 
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Figure 3.1: Standard curve for bovine serum albumin constructed by Bradford method 

3.6 Partial purification 

 The partial purification of crude extract of seeds was performed by two techniques; 

Ammonium sulphate precipitation and gel filtration. 

Partial purification of crude extracts by (NH4)2SO4 precipitation 

 The optimized crude extracts were precipitated with (NH4)2SO4 at 80% saturation 

level, calculated from the saturation table. i.e., that 56.1 g (NH4)2SO4  was put  into 100 mL 

of crude extract to achieve 80% saturation level of initial saturation level (Huynh et al., 

2010). Crude extract was stirred for 4 h, with periodical addition of measured quantity of 

ammonium sulphate into it.  The precipitated crude extract was centrifuged at 10,000 rpm 

and 4°C for 10 min to separate residues and supernatants from crude precipitated extracts; the 

supernatants were stored at 4°C in 100 mL sterilized bottles while the residues were 

resuspended in minimum quantity of extraction buffer. 
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Preparation of dialysis membrane 

 The dialysis bags were first freed from glycine by washing them in running water for 

3-4 h and then from sulphur compounds by treating them with a 0.3% (w/v) sodium sulphide 

solution, at 80°C for 1 min. The next step was about their washing with hot water (60°C) for 

2 min, which was followed by their acidification with 0.2% (v/v) H2SO4. At the end, they 

were rinsed with hot water for the removal of acid. Membranes were also treated with EDTA to 

remove metals. 

Dialysis of ammonium sulphated samples 

 The resuspended residues were dialyzed for 24 h against distilled water to remove 

ammonium sulphate from them, using cellulose bags having a molecular mass cut off of 

1000 Da. The dialyzed samples were stored at 4°C in 100 mL sterilized bottles (Huynh et al., 

2001).  

Partial purification by gel filtration 

 The crude, supernatants and dialyzed samples who’s showed maximum activity 

against bacterial and fungus strains were put on further purification by gel filtration. The 

steps involved in gel filtration are as fallows. 

Swelling of gel 

 Sephadex G-200 (2.0 g) was dissolved into 200 mL of distilled water and keept it at 

room temperature for overnight for swelling (Vettoria et al., 2006). 

Packing the column 

 The column was washed with detergent and distilled water and fixed vertically on a 

stable stand after drying it. The outlet of the column was closed satisfactorily and the gel 

slurry was poured into the column of 4 cm width and 21 cm length. It was left undisturbed 

until the distinguished layers of water and gel were appeared (William and Swiatek, 2009). 

Application of sample 

 The outlet of the column was opened to remove excessive water from it. It was closed 

when there was a little buffer on the gel surface. Five hundred microlitres of each sample 

showed antimicrobial activity, was applied on the gel and the outlet of the column was 

opened. The sample was allowed to diffuse into the gel pores. 
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Elution  

 The elution of each diffused sample was performed by 10 mM tris-HCl buffer of pH 

8. All the possible fractions, each with a volume of 500 µL, of each eluted sample were 

collected at elution rate of 3 drops per 25 seconds. The fractions with maximum protein 

contents were pooled out and applied for antimicrobial assay (William and Swiatek, 2009). 

SDS-Polyacrylamide gel electrophoresis 

 Characterization of the peptides/proteins was performed by SDS-PAGE (LaemmLi, 

1970). The SDS-PAGE was carried out for the sample after induction and also for partially 

purified sample of Cichorium intybus and Paganum harmala possessing antimicrobial 

activity. The experiment was carried out on mini-protein 3 mini vertical electrophoresis 

(BioRad). Gel 10% along with 4% stacking gel was used. The samples were prepared by the 

mixing of protein 2:1 with SDS/sample buffer of (Sigma-Aldrich, USA). The sample were 

processed in boiling water bath for 5 min and loaded after quick spin. Tris-HCl glycine, SDS 

running buffer (Aldrich, USA) was used as running the processed samples (20 µL) were 

loaded along with 5 µL weight standard (Fermentas PAGE ruler prestained ladder). The gel 

was runat 60 volts until the loading dye (Bromophenol blue) front reach the bottom at the 

completion of run the gel was developed by staining comassie brilliant blue G-250 dye 

followed by distaining. The gel was documented on (SynGene, UK) gel documentation 

system. 

3.7  Antioxidant activity of extracts from Cichorium intybus and 

Paganum harmala seedling 

 The seedling of Cichorium intybus and Paganum harmala were crushed by using 

liquid nitrogen and obtained the fined powder. Then it is soaked with 70% aqueous ethanol in 

order to remove ethanol soluble contents. The mixture was filtered, evaporated and the 

residue resuspended in concentrated used as extract. 

Antioxidant activity against DNA damage induced by H2O2 

 The assay was performed according to the method of (Keum et al., 2000). The 

reaction mixture (30 µL) contains 10 mM Tris-HCl in 1 mM EDTA buffer, pH (8.0)  pBR322 

(0.3 µg), and H2O2   (0.04 M), the fixed amount of the test extract samples dissolved in 10 µL 

of ethanol ( 20 µL) were added prior to H2O2 addition. Hydroxyl radicals were generated by 

irradiation of the reaction mixture at a distance of 5 cm with a 12 watt ultraviolet (UV) lamp, 
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after incubation at room temperature for 20 min. The reaction was terminated by loading the 

reaction mixture by making 0.8% agarose gel at 70 EV for 1 h. The reaction mixture was 

arranged in the following lane; Lane 1 represents native pBR322 without any treatment. 

pBR322 was exposed to UV alone (Lane 2), pBR322 and H2O2 (Lane 3), pBR322 plus H2O2 

treated with UV (Lane 4). PBR322, H2O2 extract (Lane 5). pBR322, treatment UV and extract 

(Lane 6). PBR322, treated with UV plus extract (Lane 7). DNA, H2O2 UV and extract. 

Determination of Total phenolic content 

Sample preparation 

Total phenolic content was determined by the Folin–Ciocalteu method (Ainsworth 

and Gillispie, 2007). Two hundred microliters of diluted sample were added to 1 mL of 1:10 

diluted Folin–Ciocalteu reagent. After 4 min, 800 μL of saturated sodium carbonate solution 

(75 g/L) was added. After 2 h of incubation at room temperature, the absorbance at 765 nm 

was measured in triplicate. Gallic acid (0–500 mg/L) was used for calibration of standard 

curve. The results were expressed as milligram gallic acid equivalent (mg GAE)/g dry weight 

of plant material. 

Organic extraction 

 The shade-dried whole plant will be crushed and extracted with methanol at room 

temperature. The extract was evaporated in rotary evaporator to yield the residue. The whole 

residue was fractioned with n-hexane, chloroform, ethyl acetate, n-butanol and water 

(Gangadevi et al., 2008). 

Preparation of the Collected plants for Extraction  

 The dried material was ground and suspended in methanol.The produced suspension 

was mixed using mechanical mixer for about 48 h. Another method of extraction was also 

tried which is soxhlet extraction. 

Extraction of essential oil by using supercritical fluid extraction (SCFE) 

 This part of extraction will be performed at Institute of Horticultural Sciences, 

Faculty of Agriculture, Faisalabad, Pakistan. The system used was (Deven Supercriticals Pvt. 

Ltd, Model No PR-35). The extraction procedure was done as reported by Cossuta et al. 

(2008). In the super critical fluid extraction (SCFE) process extraction was carried out by a 

solvent above its critical pressure and temperature. In this case the solvent waas carbon 

dioxide (CO2) and extraction will be carried out at pressures typically between 30-135 bar 
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and temperatures at 35-100°C. The SCFE pilot plant has one extraction, one separator, and 

one CO2 hold tank and heart exchangers. The extraction process works in a closed loop with 

constant circulation of CO2 in the system. It is a batch operation with typical batch time of 2 

to 4 h. Antimicrobial and antioxidant activities of the essential oil against microorganisms 

were checked by using different standard methods.  

3.8 GC-MS analysis of essential oils 

 GCMS analysis for the detection of prominent compounds was performed as 

described by Cossuta et al. (2008). The sample was analyzed using a GC 6850 network GC 

system equipped with a 7683B series auto injector and 5973 inert mass selective detector 

(Agilent Technologies, Willmington, DE, USA). Compounds were separated on an HP-5 MS 

capillary column with a 5% phenyl polysiloxane stationary phase (30.0 m × 0.25 mm, film 

thickness 0.25 μm). Oven temperature was programmed in a three step gradient: initial temp 

set at 45 °C (held for 5 min), ramped till 150 °C at 10 °C/min, followed by a 5 °C/min rise 

till 280 °C and finally at 15 °C/min to 325 °C where it was held for 5 min. Helium gas flow 

rate was 1.1 mL/min (pressure 60 KPa and linear velocity 38.2 cm/sec). Ions/fragments were 

monitored in scanning mode through 40–550 m/z. 

Identification of Compounds  

 The identification of the components was based on comparison of their retention 

index (RI), relative to a standard alkane series (C9–C24). The compounds were further 

indentified and authenticated using their MS data by comparison with those of the NIST 05 

Mass Spectral Library and published mass spectra. The quantitative data were obtained 

electronically from the FID area percentage without the use of any correction factors. 

3.9 Statistical analysis 

 The collected data were presented in the tabulation and graphic form. To find the 

optimum antimicrobial and antioxidant activity regression analysis was performed. The 

statistical software STATISTIC X version 8.1 (Stat, USA) was used for statistic analysis. 
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Chapter 4 

RESULTS AND DISCUSSION 

 

 In the present study, Cichorium intybus and Paganum harmala were screened to 

explore their potential as medicinal plants. In present thesis, their results and discussion was 

categorized into the following major fragments: 

4.1  Germination, induction and extraction of antimicrobial protein/peptides. 

4.2  Determination of different biochemical parameters under induction condition. 

4.3  Antimicrobial assay of crude and partially purified extracts and fractions. 

4.4  Isolation and purification of phytoconstituents from the selected parts of these plants. 

4.5 Purification of peptide and protein by ammonium sulfate precipitation, column        

chromatography and SDS-PAGE Gel electrophoresis. 

4.6 Antioxidant activity of extract from Cichorium intybus and Paganum harmala 

seedlings. 

4.7 GC-MS analysis and antimicrobial activity of the essential oil extracted from the 

medicinal plants. 

 

4.1 Germination and stress induction 

 The seeds were placed in sterilized Petri dishes containing two pieces of filter paper 

imbibed with distilled water and then germinated under controlled temperature, humidity and 

sterilized environmental conditions at 27ºC for 14 h (Figure 4.1 & 4.2). The seedlings were 

inoculated with the fungus Aspergillus niger as follows: surface sterilized seeds were placed 

at equidistant from the growing line of the fungus in Petri dishes containing potato dextrose 

agar. Mock inoculated seeds were placed in Petri dishes containing only the growth medium.  
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Figure 4.1: Inoculated seedlings of Cichorium intybus germination 

 

 

 

Figure 4.2:  Inoculated Paganum harmala seedlings germination under natural condition 

Figure showed germinating seedling stress under stress condition temperature 

was 270C 
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4.2 Biochemical Profiling 

4.2.1. Protein contents determination  

 The soluble proteins of seedlings at different dpi were determined by Bradford 

method (Bradford, 1976) to confirm the change in expression of peptides/protein under 

induced conditions. Change was noticed in protein contents at different day post inoculation 

(dpi). Maximum protein concentration was observed at dpi 4 and minimum protein 

concentration at dpi 1 for Paganum harmala while in Cichorium intybus maximum protein 

concentration was observed at dpi 3 and minimum concentration was observed at dpi 0. Both 

medicinal plants exhibited enhanced accumulation of proteins when exposed to fungal stress. 

It has been reported in the literature that plants under biotic and abiotic stress tend to show 

higher levels of total soluble proteins (Namita and Mukash, 2012). Furthermore, these 

proteins are shown to possess antimicrobial and other biological activities (Namita and 

Mukash, 2012).  

Table 4.1:  Protein contents determination of seedling extracts of Paganum harmala and 

Cichorium intybus seedlings at different day post inoculation induced by 

Aspergillus niger 

Serial # Paganum harmala (µg/mL) Cichorium intybus (µg/mL) 

dpi 0 8.25 ±1.8 6.35 ±1.2 

dpi1 7.9 ±1.1 8.79 ±1.5 

dpi 2 8.35 ±1.5 7.29 ±1.1 

dpi 3 8.34 ±1.6 8.96 ±1.6 

dpi 4 9.1 ±3.5 8.76 ±2.5 

dpi 5 8.35 ±1.7 7.17 ±1.3 

dpi 6 6.35±1.4 7.0±1.8 

dpi 7 6.2±2.3 6.5±1.9 

Data presented in the above table is mean±SD of three independent replicates of the same 

sample 
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4.2.2 Proteases activity 

 The activity of protease was determined by the casein digestion assay described by 

Drapeau et al. (1974). Determination of proteases in the sample was of prior importance in 

this study to save the targeted and bioactive proteins/peptides from their enzymatic 

hydrolysis/proteolysis by proteases. 
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Fig 4.3: Comparison of proteases in seedling extract of Cichorium intybus and Paganum 

harmala at different day post inoculation induced by the fungal strain 

(Aspergillus niger) 

 
 Lowest proteases activity was observed at the dpi 6, 7 for both plants and the highest 

specific enzyme activity was observed at dpi 2 and 3 for Cichorium intybus and dpi 3 and 4 

for Paganum harmala (Fig 4.3). Protease play a number of important role and applications 

e.g. in plants during germination they mobilized the stored proteins (Darren et al., 2003). A 

few antifungal proteins with an associated activity of protease inhibitor have been isolated 

and characterized from plants, animals and microorganisms (Aguirre et al., 2004). 

Proteolytic enzymes, also called proteases, are the enzymes that catalyse the hydrolytic 

cleavage of specific peptide bonds in their target proteins. In higher organisms, nearly 2% of 

the genes code for these enzymes (Barrett et al., 2001). Being essentially indispensable to the 

maintenance and survival of their host organism, proteases play key roles in many biological 

processes. The proteolytic events catalysed by these enzymes serve as mediators of signal 
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initiation, transmission and termination in many of the cellular events such as inflammation, 

apoptosis, blood clotting and hormone processing pathways (Ivanov et al., 2006). Over all 

this study showed that both plants are rich source of proteases but the Cichorium intybus 

shows better results comparatively.  

4.2.3 Amylases 

 The amylase activity was determined by the modified method as reported by 

Varavinit et al. (2002). Amylases play an important role to digest the carbohydrates in the 

seedlings (seeds) during germination. 
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Fig 4.4 Amylases activity in seedling extract of Cichorium intybus and Paganum harmala at 

different day post inoculation induced by Aspergillus niger 

 Lowest specific activity of amylases was observed at the dpi 6,7 and the highest 

concentration was observed at dpi 5 for Paganum harmala and at dpi 2 for Cichorium 

intybus (Fig. 4.4). Alpha amylase activity increased in both medicinal plants due to fungal 

stress. However, this rise in alpha amylase activity was observed at the intial stages of stress 

induction. However, the activity of alpha amylase decline at later phase of stress. This could 

have been due to massive growth of fungal hyphae that in turn inhibited the activity of alpha 

amylase (Christeller and Liang, 2005). Over all this study showed that both the plant are rich 

source of amylases but the Paganum harmala showed better results than Cichorium intybus. 

This enzyme is good souce for the hydrolysis of stored starch in the different sugars during 

germination process. 
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4.2.4. Peroxidase (POD) 

 The method of Chance and Maehly (1995) and Liu and Huang (2000) followed to 

studied the peroxidase (POD) activity with some modification.  
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Fig. 4.5 Peroxidase (POD) in seedling extract of Cichorium intybus and Paganum harmala at 

different day post inoculation induced by Aspergillus niger 

 The highest specific activity of peroxidase was recorded at dpi 2 for Cichorium 

intybus and lowest was observed at dpi 7 (Fig 4.5). Similarly Paganum harmala show 

maximum activity at dpi 2 and minimum at dpi 7 (Fig 4.5). Differential response of POD 

observed in the cells under biotic stress (Lee et al., 1995). Water stress along with fungal 

stress was also reported. Even POD showed the protective role against the freezing stress 

(Caravaca et al., 2005). The activities of peroxidase (POD), catalase (CAT) and glutathione 

peroxidase (GPx) were remarkably increased after fungal induction to medicinal plant. Plants 

when exposed to different biotic or abiotic stress exhibit the higher activities of POD so as to 

adopt the adverse effects of fungal stress (Lee et al., 2005). Both the plants are rich source of 

enzymatic antioxidant peroxidase (POD) but Cichorium intybus showed the better results at 

the DPI 1and DPI 2.  

4.2.5 Catalases (CAT) Activity 

 The method of Chance and Maehly (1995) and Liu and Huang (2000) studied the 

catalase activity with some modifications. The catalase specific activity was observed in 

Cichorium intybus and Paganum harmala. Fig 4.6.  The highest specific activity of 

peroxidase was recorded at dpi 3 for Cichorium intybus and lowest was observed at dpi 7 and 
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the highest specific activity of peroxidase was recorded at dpi 4 for Paganum harmala and 

lowest was observed at dpi 7. Data from various studies showed that major ROS-scavenging 

mechanisms of plants include SOD, CAT, and APX and the balance between them is crucial 

(Mittler, 2002). From the above discussion it is concluded that both the plant are rich source 

of Catalase  the Paganum harmala showed better results with respect to Cichorium intybus. 

Over all activity of enzymes in both plant is considerable.   
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Fig 4.6 Catalase in seedling extract of Cichorium intybus and Paganum harmala at different 

day post inoculation under fungal stress 

4.3 Antibacterial and antifungal activity of extract for Cichorium intybus 

and Paganum harmala 

 Antibacterial and antifungal activity from extract of Cichorium intybus and Paganum 

harmala was performed byusing the disc diffusion method. Mathematical grading scheme to 

represent the results indicate that at different dpi (day post inoculation).   
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Table 4.2:  Grading of Antibacterial and antifungal activity in symbolic and                         

digitalized form along with interpretation of activities. 

Sr.No. Mathematical sign Zone size(mm) Interpretation 

1              - 0 No or poor activity 

2             +  5 – 10 Activity present 

3            + + 10 – 20 Moderately Strong activity 

4          + + +  20 – 30 Very Strong activity  

 

Sample preparation 

 The seedlings were extracted in 10 mM sodium phasphate buffer (pH 5.2). The 

homogenized mixtures were centrifuged on high speed refrigerated centrifuged machine at 

10000 rpm at 4 ºC for 15 minutes. The supernatant collected and stored at – 20 ºC.The 

filtration of supernatant was performed to remove remaining residues of seedlings from the 

extracts. This extract was used for antimicrobial assay (CLSI, 2011). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.7:  Antibacterial activity of Paganum harmala extract against selected bacterial 

strain Staphylococcus auraus at different dpi label the pics 
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Table 4.3:  Antibacterial activity of different day post inoculation extracts of Paganum 
harmala induced by Aspargillus niger 

 
P. harmala S. aureus E. coli P.  multocid B. subtilis 

dpi 0 
21 ±1.15 

- 
15 ±1.15 7 ±1.15 

dpi 1 
22 ±2.00 

- 
17 ±1.15 11 ±1.15 

dpi 2 
23 ±1.15 

- 
14 ±1.15 13 ±1.15 

dpi 3 
19 ±1.15 

- 
21 ±1.15 23 ±1.15 

dpi 4 
16 ±2.00 

- 
23 ±1.15 23 ±1.15 

dpi 5 
6 ±1.15 

- 
13 ±1.15 12 ±1.15 

dpi 6 
6 ±1.15 

- 
11 ±1.15 18 ±3.02 

dpi 7 
6 ±1.15 

- 
10±2.20 9 ±1.15 

Rifampcin 24 ±0.94 23 ±0.94 23 ±0.94 23 ±0.94 

 

 The maximum activity were measured at dpi 1and 2, which was 22 ±2.00 and 23, 

±1.15 respectively while the minimum was recorded at dpi, 7 that was 6 ±1.15 against 

Staphylococcus aureus the maximum acivity was due to defensin protein and some bioactive 

compound which activate when we apply fungal stress while the minimum activity was due 

to over growth of fungus and also due to denature of active protein. Ther was was no activity 

seen against escratia coli (E. coli ) aganist  P.  multocid,  Paganum harmala   showed  strong  

activity at dpi 4,low activity at dpi 7 similarly, inhibition zones were measured at different 

dpi against  B. subtilis, 23 ±1.15 mm at dpi 3 and5,and, 9 ±1.15mm at dpi 7, These results 

showed that the strong antibacterial activity against different bacterial species  While 

comparing the various dpi, the stronger antibacterial activity was found at dpi 2 ,3 and 

4,suggesting the change bioactive compounds of  Paganum harmala due to biotic stress of 

Aspergillus niger. Our results indicate that P. harmala extract are highly antimicrobial and 

similar results have also been reported in the literature (Nenaah, 2010). 
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Figure 4.8:  Antibacterial activity of extracts of Cichorium intrybus under stress condition 
against Staphylococcus auraus,  

Table 4.4:  Antibacterial activity of extracts of Cichorium intybus germinated under 
fungal stress 

C. intybus S. aureus E. coli  P.  multocid B. subtilis 

dpi 0 22 ± 0.94 7 ±  0.94 14 ± 1.63 13 ± 0.94 

dpi 1 18 ±1.88 12 ± 0.94 14 ± 1.88 12 ± 0.94 

dpi 2 21 ± 1.88 11 ± 0.94 19 ± 2.16 13 ± 0.81 

dpi 3 23 ±0.94 18 ± 1.63 14 ± 0.88 26 ± 1.63 

dpi 4 17 ±0.94 14 ± 1.62 14 ± 1.24 23 ± 1.41 

dpi 5 18 ±0.94 22 ± 0.8 14 ± 1.69 16 ± 1.24 

dpi 6 10 ±0.94 26 ±  1.63 11 ± 2.49 18 ± 2.16 

dpi 7 8 ± 1.63 13 ± 0.81 7 ± 1.88 16 ± 1.63 

Rifampcin 24 ±0.94 25 ± 0.94 23 ± 0.81 24 ± 1.63 
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4.3.1. Antibacterial activity 

 The antibacterial activity of Cichorium intybus extract were tested in vitro by using 

disc diffusion and liquid dilution method with the microorganisms as seen in Table 4.4 . The 

results of the bioassays showed that Cichorium intybus extract exhibited moderate to 

appreciable antibacterial activities against all Gram-positive and Gram-negative bacteria. 

According to some studies, the Gram-negative bacteria appeared to be less sensitive 

to the action of many other medicinal plants. Plant extract appeared very active against the 

tested Gram-positive than Gram-negative bacteria. This result was in agreement with many 

studies realized on other plant species (Kokoska et al., 2002). This higher resistance among 

Gram-negative bacteria could be due to the differences in the cell membrane of these 

bacterial groups. Indeed, the external membrane of Gram-negative bacteria renders their 

surfaces highly hydrophilic (Smith-Palmer et al., 1998) whereas the lipophilic ends of the 

lipoteichoic acids of the cell membrane of Gram positive bacteria may facilitate penetration 

by hydrophobic compounds (Ultee et al., 1999) extract of Cichorium intybus at dpi 3, 

showed strong activity and moderate at dpi 6,and 7. The antimicrobial potential of Cichorium 

intybus plant extract are in agreement with Petrovic et al. (2004). 

Minimum inhibtary concentration (MIC) of Paganum harmala and Cichorium intybus. 

 Mic (fig 4.9) of antimicrobial activity of Paganum harmala activity from left to right. 

At different dpi, dpi 3 and 4 showed minimum inhibitory concentration 

 

Figure 4.9: Minimum Inhibitory Concentration (MIC) extracts of Paganum harmala against 

Staphylococcus auraus    
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   At different dpi (1)dpi(2)  dp (3) dpi(4) dpi(5) dpi(6) dp(i7)from left to right blue 

colour represent activity while pink colour showed  only the growth activity of selected 

microrganisim among the variable extract sthe extract at dpi(4)showed good results 

 

Table 4.5:  Minimum Inhibitory Concentration (MIC) extracts of Paganum  harmala against 

selected bacterial strain at different Dpi (µg/mL) 

 
Medicinal Plants E. coli B. subtilis S. aureus P .multocida 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Dpi 0 ---- 187.5±0.18 46.8±0.04 93.75±0.09 

Dpi 1 ---- 46.87±0.04 46.8±0.04 ------ 

Dpi2 ---- 193.12±0.19 24.14±0.02 ------ 

Dpi3 45±0.04 22.5±0.02 18.0±0.18 45±0.04 

Dpi4 ---- 47. 81±0.04 95.62±0.09 95.62±0.09 

Dpi5 45±0.04 22.5±0.02 18.0±0.18 45±0.04 

Dpi6 ---- 189.37±0.18 47.34±0.04 ------ 

Dpi7 40±0.03 24±0.09 45±0.18 ------ 

 

Least value of the MIC was observed at dpi,3 against S. aureus that was 18.0±0.18 

µg/mL and the highest value of the MIC was  and at dpi 2 and 6, Finally, from the data of 

MICs of seedling extracts of the medicinal plant at different dpi showed that dpi 3, 

extract was potent for detailed studies. These values were in the range of MICs of the 

selected medicinal plants to mimic the growth of the bacterial strains. Nenaah (2010) 

reported antibacterial activity of Paganum harmala against Proteus vulgaris, Bacillus 

subtilis and Candida albicans due to application of harmine. Researchers have also 

isolated alkaloids from Paganum harmala and reported their antimicrobial potential 

against S. aureus, E. coli and P. vulgaris (Raza et al., 2007). 
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Table 4.6: Minimum Inhibitory Concentration (MIC) of Cichorium intybus extracts at 

different Dpi against selected bacterial strains. 

Medicinal 
Plants 

E. coli B. subtilis S. aureus P .multocida 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

dpi 0 ---- 93.75±0.09 93.75±0.09 93.75±0.09 

dpi 1 185.62±0.18 92.81±0.09 92.81±0.09 185.62±0.18 

dpi 2 195±0.19 97.5±0.09 48.75±0.04 195±0.19 

dpi 3 ---- 95.62±0.09 11.95±0.01 382.5±0.38 

dpi 4 97.5±0.09 97.5±0.09 24.35±0.02 24.37±0.02 

dpi 5 183.75±0.18 183.75±0.18 45.93±0.04 ------ 

dpi6 ---- 95.62±0.09 11.95±0.01 382.5±0.38 

dpi7 95.5±0.19 92.61±0.09 35.62±0.18 94.5±0.09 

 

 Least value of the MIC was observed at dpi 3 and dpi 4, against S. aureus that was 

18.0±0.18 µg/mL and the highest value of the MIC was at dpi 1 and 2, Finally, from the data 

of MICs of seedling extracts of the medicinal plant at different dpi showed that dpi 3 and 4, 

extract was potent for detailed studies. These values were in the range of MICs of the 

selected medicinal plants to mimic the growth of the bacterial strains. Similar antibacterial 

effects of Cichorium intybus extract are found in the literature but no literature was available 

related to the antimicrobial activity of seedling extracts under biotic stress. Seed extract of 

Cichorium intybus at different solvent were found very effective antimicrobial against 

Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans and Escherichia coli 

(Shaikh et al., 2012). 

4.3.2. Antifungal activity 

 Plant extracts of different day post inoculation showed zones of inhibition studied 

using treated discs to be active against fungal pathogens. The cyclopeptides, alkaloids, 

amphibians, frangufline, nummularine and rugosanine were active against A. niger at 5 

µg/mL conducted by  Pandey and Devi (1990) and Riaz et al. (2012) reported that the 

inhibition zone sizes ranged 7.6/26.9 mm extracts of Cichorium intybus  demonstrated 
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activity against the Fusarium solani and A. niger. Rajendra et al (2004) evaluated that 

extracts obtained from plant of Cichorium intybus showed antifungal activity against 

Trichophyton rubum, Trichophyton mentagrophytes, Apidermophytone floccosum and 

Microsporum gypsum by disc diffusion method. Most of extracts of Cichorium intybus 

exhibited antifungal activity from moderate to very strong activity against the selected fungal 

strains. The very strong activity was found at dpi 3,4 and 2 against Aspergillus niger, 

Fusarium solani, H. myedis,  which was measured at 24 mm, 23 mm and 20 mm  

respectively. 

Table 4.7: Antifungal activity of extracts of Cichorium intybus induced by fungal stress 

C. intybus A. niger T. harzianum F. solnai H. myedis 

dpi 0 13 ± 1.41 - 7 ± 1.69 13 ± 1.24 

dpi 1 14 ± 1.63 - 8 ± 1.63 15 ± 2.49 

dpi 2 12 ± 0.94 - 14 ± 1.63 7 ± 1.24 

dpi 3 24 ± 0.47 - 20 ± 0.47 20 ± 1.88 

dpi 4 16 ±  1.24  24 ± 0.94 16 ± 1.63 

dpi 5 14 ± 1.63 - 14 ± 1.69 9 ± 0.94 

dpi 6 12 ±  0.94 - 6 ± 0.81 6 ± 0.81 

dpi 7 7 ± 0.94 - 0.0±0 0.0±0 

Fluconazole 

 
26 ± 1.63 24 ± 0.81 24 ± 0.81 24 ± 0.81 
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Table 4.8: Antifungal activity of extracts of Paganum harmala induced by fungal stress 

P. hermala A. niger T. harzianum F. solanai H. myedis 

dpi 0 17 ± 1.24 7 ± 1.24 16 ± 1.63 16 ± 1.63 

dpi 1 14 ± 1.63 13 ± 0.81 22 ± 1.63 12 ± 0.94 

dpi 2 14 ± 2.86 16 ± 1.24 9 ± 0.94 0.0±0 

dpi 3 22 ± 0.47 17 ± 1.24 0.0±0 14 ± 1.63 

dpi 4 26 ± 1.63 8 ± 1.63 0.0±0 13 ± 0.81 

dpi 5 11 ± 0.94 14 ± 1.63 8 ± 1.63 0.0±0 

dpi 6 8 ± 1.63 0.0±0 0.0±0 0.0±0 

dpi 7 13 ±  0.81 13 ± 0.81 14 ± 1.63 0.0±0 

Fluconazole 
 

25 ± 1.24 22 ± 0.47 24 ± 1.24 26 ± 2.49 

 

4.3.2.1. Antifungal activity of Paganum harmala 

 Antifungal activity showed strong activity at dpi 4, against Aspergillus niger and 

moderate to low activity at dpi 6 to 7 against other fungus. The optimal effectiveness of a 

medicinal plant may not be due to one main active constituent, but to the combined action of 

different compounds. It was observedin antibacterial studies that minor interactions in vitro 

may not only result in tested microorganisms the β-carboline alkaloids of P. harmala showed 

antimicrobial activities against the tested fungal strains. The antimicrobial effects of harmala 

alkaloids of chemical origin were studied when applied individually against S. aureus, E. 

coli and P. vulgaris and exhibited moderate antimicrobial effects against the significant 

synergism in vivo but also make a difference to the duration of an effective drug level in 

vivo. Because such responses are likely to occur to the natural plant extracts. Similar 

antifungal effects of medicinal plants including Paganum harmala and Cichorium intybus 

have been reported in the literature (Mares et al., 2005). 
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Table 4.9  Antifugnal activity of Cichorium intybus and Paganum harmala against 

selected fungal strains 

 

 Cichorium inttybus against 
Tricoderma harizianum 

 Paganum harmala against  
Tricoderma harizianum 

 Leaf Stem Root Leaf Stem Root 

       

n-Hexane 14±0.17 0.0±0 18±0.23 0.0±0 0.0±0 0.0±0 

Chloroform 22±0.25 0.0±0 16±0.25 0.0±0 0.0±0 10±0.13 

Ethyl acetate 16±0.21 22±0.23 18±0.27 12±0.14 20±0.18 0.0±0 

n-Butanol 14±0.18 0.0±0 14±0.13 10±0.12 12±0.14 22±0.22 

Water 0.0±0 0.0±0 12±0.12 20±0.18 20±0.21 0.0±0 

Fluconazole 30±0.25 30±0.21 30±0.29 32±0.24 32±0.25 32±0.18 

 Cichorium intybus against F. solnais Paganum harmala against F. solnais 

 Leaf Stem Root Leaf Stem Root 

n-Hexane 10±0.25 1±0.04 0.0±0 10±0.32 10±0.28 12±0.12 

Chloroform 12±0.23 14±0.18 0.0±0 16±0.35 12±0.31 20±0.32 

Ethyl acetate 18±0.27 0.0±0 0.0±0 18±0.37 14±0.34 24±0.31 

n-Butanol 20±0.32 14±0.24 18±0.28 20±0.41 16±0.35 18±0.20 

Water 12±0.12 10±0.16 10±0.24 24±0.45 20±0.42 10±0.24 

Fluconazole  34±0.37 34±0.32 34±0.42 32±0.44 30±0.53 32±0.52 

 Cichorium intybus against H. sporium 
myedis 

Paganum harmala against H. sporium 
myedis 

 Leaf Stem Root Leaf Stem Root 

n-Hexane 30±0.41 2±0.4 10±0.16 12±0.06 0±0.0 14±0.08 

Chloroform 0.0±0 10±0.6 0.0±0 17±0.08 0±0.0 20±0.12 

Ethyl acetate 16±0.11 12±0.12 16±0.36 21±0.21 16±0.09 0±0.0 

n-Butanol 20±0.34 20±0.32 20±0.37 24±0.12 12±0.04 20±0.07 

Water 26±0.37 10±0.05 12±0.03 10±0.11 0±0.0 0±0.0 

Fluconazole  34±0.42 34±0.04 34±0.37 34±0.05 34±0.07 36±0.08 

 Cichorium intybus against A. niger Paganum harmala against A. niger 

 Leaf Stem Root Leaf Stem Root 

n-Hexane 12±0.1 10±0.2 0.0±0 10±0.12 10±0.14 0.0±0 

Chloroform 17±0.5 14±0.5 10±0.2 12±0.11 18±0.13 12±0.01 

Ethyl acetate 21±1 16±0.2 10±0.6 16±0.05 14±0.07 10±0.03 

n-Butanol 24±0.6 18±0.4 12±0.8 14±0.5 18±0.05 14±0.07 

Water 26±0.5 12±0.61 14±0.1 13±0.02 10±0.03 0.0±0 

Fluconazole  30±0.8 30±0.9 30±0.5 30±0.05 30±0.02 36±0.23 
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 The water extraction of leaf, stem and n-Butanol extraction of root of Paganum 

harmala showed strong activity against Trichoderma harzianum. There are several reports in 

the literature that depict the antimicrobial potential of different parts of Cichorium intybus 

and Paganum harmala extracted in different solvent system.  The above table showed that 

water extraction of leaf and stem and ethyl acetate extraction of root showed strong activity 

against Fusarium solnai for Cichorium intybus. This study also showed that n-Butanol 

extraction of leaf, stem and extraction of  root of Paganum harmala  showed strong activity 

against Fusarium solnai. The results showed that water extraction of leaf n-Butanol 

extraction of stem and   root showed strong activity against Helmmentho sporium myedis for 

cichorium intybus. It showed that n-butanol extraction of leaf and n-Butanol extraction of 

stem showed strong activity against Helmmenthosporium myedis for Paganum harmala. The 

above table showed that water and n-butanol extraction of leaf showed strong activity while 

other extraction of stem and root showed moderate activity against Aspergillus niger for 

Cichorium intybus. The above study showed that ethyl acetate extraction of leaf and n-

butanol of stem showed strong activity while other extraction of root showed moderate 

activity against Aspergillus niger for Paganum harmala. 

 Sarpeleh et al. (2009) studied the antifungal properties of water soluble, ethanolic and 

methanolic extracts taken from leaves, floral tissues, and seeds of wild rue (Paganum 

harmala L.) on the mycelial growth and spore germination of Phytophthora drechsleri, 

Verticillium dahliae, Sclerotinia sclerotiorum, Cladosporium cucumerinum, Corynespora 

cassiicola, Alternaria sp., Ulocladium sp., Botrytis cinerea, Monosporascus cannonballus, 

Fusarium oxysporum, Macrophomina phaseolina, Rhizoctonia solani and Trichoderma 

harzianum. The water soluble extracts caused a significant decrease in the mycelial growth of 

the majority of fungi tested with maximum activity detected for seed extracts. Additionally, 

water soluble seed extract inhibited spore germination of Fusarium oxysporum. They 

demonstrated the antifungal activity of P. harmala extracts on phytopathogenic fungi. 

 Natural compounds with antifungal activity have been abundantly reported for several 

medicinal plants. The crude extract of Eucalyptus citriodora inhibited the mycelial growth of 

R. solani, Sclerotium rolfsii, Phytophthora sp., Alternaria alternate and Colletotrichum 

graminicola (Schwan-Estrada et al. 1998). The extract of Cymbopogon citratus leaves 
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completely inhibited the mycelial growth of Fusarium solani, Sclerotinia sclerotiorum and R. 

solani (Valarini et al. 1994) as well as Rhizopus sp., Ustillago maydis, Ustilaginoidea virens 

and Curvularia lunata (Awuah 1989). Previous studies isolated four alkaloids from P. 

harmala; harmine, marmaline, harmalol and peganin in which harmine has shown some 

activity against algae, bacteria and fungi (Kumar et al. 2005) and reported antifungal activity 

of Paganum harmala extract against fungal pathogen Candida aldicans.  

 Roots of the common vegetable Cichorium intybus L., highly appreciated for its bitter 

taste, were studied to investigate their possible biological activity on fungi from a variety of 

ecological environments: some are parasites on plants (phytopathogens) or of animals and 

humans (zoophilic and anthropophilic dermatophytes), others live on the soil and only 

seldom parasitize animals (geophilic dermatophytes). The extracts were ineffective on 

geophilic species and on tested phytopathogens, with the exception of Pythium ultimum, 

whereas they inhibited the growth of zoophilic and anthropophilic dermatophytes, in 

particular Trichophyton tonsurans, whose treatment caused morphological anomalies, here 

observed by scanning electron microscopy. This behaviour is discussed on the basis of the 

presence in the chicory extract of the two main sesquiterpene lactones, 8-deoxylactucin and 

11b,13-dihydrolactucin (Mares et al., 2005) Overall results of this study indicate that water 

and organic soluble extract  taken from different parts of P. harmala Cichorium intybus  

plants showed antifungal activity against most of the fungal species with maximum 

inhibitory effects observed for leaf extracts of paganum harmala and root extract of 

cichorium intybus 
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Table 4.10:  Antibacterial activity of Cichorium intybus and Paganum harmala against 

Staphylococcus auraus, B. subtilis, E. coli , P. multocid by using solvents 

 

 

Solvents Cichorium intybus  against S. aureus Paganum harmala against S. aureus 
  Leaf Stem Root Leaf Stem Root 

n-Hexane 16±0.2 10±0.4 10±0.1 10±0.42 0.0±0 10±0.5 

Chloroform 26±0.3 10±0.5 20±1 12±0.23 12±0.17 16±0.6 

Ethyl acetate 18±0.5 12±0.2 20±0.9 14±0.02 16±0.08 18±0.4 

n-Butanol 16±0.1 14±0.7 24±0.5 18±0.05 14±0.61 14±0.2 

Water 10±0.4 0.0±0 14±0.3 12±0.1 14±0.03 12±0.1 

rifampcin 36±0.3 36±0.6 36±0.5 34±0.09 34±0.03  32±0.05 

 Cichorium intybus  against B.subtilis Paganum harmala against B. subtilis 
 Leaf Stem Root Leaf Stem Root 

n-Hexane 10±0.39 10±0.17 0.0±0 0.0±0 10±0.33 12±0.22 

Chloroform 12±0.21 12±0.16 12±0.33 12±0.13 10±0.34 12±0.28 

Ethyl acetate 10±0.47 20±0.20 14±0.32 18±0.03 20±0.22 14±0.24 

n-Butanol 12±0.17 18±0.22 16±0.29 10±0.25 22±0.04 17±0.22 

Water 14±0.18 16±0.28 18±0.24 12±0.30 18±0.07 16±0.29 

Rifampcin 36±0.21 36±0.31 30±0.23 34±0.44 34±0.38 34±0.23 

 Cichorium intybus  against E. coli Paganum harmalaE. Coli 

  Leaf Stem Root Leaf Stem Root 

n-Hexane 20±0.41 8±0.32 12±0.2 10±0.03 0.0±0 12±0.01 

Chloroform 10±0.11 12±0.3 16±0.7 12±0.05 0.0±0 18±0.03 

Ethyl acetate 12±0.34 16±0.29 20±0.31 0.0±0 16±0.03 10±0.03 

n-Butanol 20±0.23 20±0.6 28±0.1 20±0.08 18±0.09 16±0.11 

Water 0.0±0 12±0.14 0.0±0 0.0±0 10±0.05 0.0±0 

Rifampcin 34±0.34 34±0.12 34±0.11 30±0.05 30±0.08 30±0.06 

 Cichorium intybus against P. multocid Paganum harmala against P. multocid 

 Leaf Stem Root Leaf Stem Root 

n-Hexane 16±0.06 12±0.06 10±0.06 12±1.11 10±0.90 0.0±0 

Chloroform 20±0.06 12±0.06 12±0.06 14±0.12 22±0.16 12±0.25 

Ethyl acetate 14±0.06 18±0.06 16±0.06 16±1.1 10±0.96 10±0.41 

n-Butanol 20±0.06 16±0.06 20±0.06 14±0.89 0.0±0 14±0.16 

Water 14±0.06 12±0.06 10±0.06 10±0.85 12±0.15 0.0±0 

Rifampcin 36±0.06 36±0.06 36±0.06 30±0.57 30±0.75 30±0.37 
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 The Cichorium intybus leaf extract prepared in chloroform showed good results 

against selected bacterial strain Staphylococcus aureus. Root extract also showed strong 

activity but stem extract in different solvent showed moderate activity. Results in the above 

table have shown that the Paganum harmala leaf extract prepared in n-butanol showed good 

results against selected bacterial strain Staphylococcus aureus. Root and stem extract 

prepared in ethyl acetate showed strong activity but others extract in different solvent showed 

moderate activity. Results shown that the Cichorium intybus stem extract prepared in ethyl 

acetate showed good results against selected bacterial strain B. subtilis. Root and leaf extract 

showed moderate activity.The Paganum harmala stem extract prepared in n-butanol   

showed good results against selected bacterial strain B. subtilis  Root and leaf extract showed 

moderate activity. 

 The Cichorium intybus stem, leaves and root extract prepared in n-butanol   showed 

good results against selected bacterial strain E. coli. Results have shown that the Paganum 

harmala stem, leaf and root extract prepared in n-butanol   showed good results against 

selected bacterial strain E. coli. The Cichorium intybus leaf and root extract prepared in n-

butanol showed good results against selected bacterial strain P. multocid stem extract showed 

moderate activity. The Paganum harmala stem extract prepared in ethyl acetate showed good 

results against selected bacterial strain P. multocid root and leaf extract showed moderate 

activity.  

 The literature that depict the antimicrobial potential of different parts of Cichorium 

intybus and Paganum harmala extracted in different organic solvents. In this context, 

Petrovic et al. (2004) reported antimicrobial activity of ethyle acetate, water and ethanol 

extract against Agrobacterium radiobacter sp. tumefaciens, Erwinia carotovora, 

Pseudomonas fluorescens and P. aeruginosa. Of different extracts ethyle acetate extract was 

found to be very effective. Similarly, Nenaah (2010) used biassay-guided fractionation to 

extract β-carbolin alkaloids and tested their antibacterial and antifungal activity. He observed 

significant variations in compounds with respect to their antimicrobial potential. This 

variation was dependent on type of microorganism tested and method of applicaton. For 

example, inhibition zone ranging from 21.2 to 24.7 mm were observed in Proteus vulgaris, 

Bacillus subtilis and Candida albicans due to application of harmine. Furthermore, he 

reported that effectiveness of alkaloids was even more when applied as binary mixtures. For 
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example he recorded 31.5 mm zone of inhibition on application total alkaloid extract. 

Likewise, Paganum harmala alkaloids were shown to possess antimicrobial activity against 

S. aureus, E. Coliand P. vulgaris (Raza et al., 2007). Seed extract of Cichorium intybus was 

found to be very effective antimicrobial against Staphylococcus aureus, Pseudomonas 

aeruginosa, Candida albicans and Escherichia coli. Of various extracts, ethyle acetate and 

ethanol were observed the most effective one (Shaikh et al., 2012). 

 Development of more effective and less toxic antifungal agents is requirement and 

need of time for the treatment of dermatophytosis.  

 Sokmen et al. (1999) reported antimicrobial activity of different medicinal plants. A 

total of 76 extracts from 35 plants available in the Turkish flora were assayed for their in 

vitro antibacterial activities against five pathogenic bacteria and a yeast. Sixteen crude 

extracts from eight plant species were found to possess an activity against at least one or 

more test microorganisms. Bioassay-guided fractionation of the most active crude extracts 

was also carried out with the most active extracts. Activity against Staphylococcus aureus, 

Bacillus cereus, Branhamella catarrhalis, Escherichia coli, Clostridium perfringens and 

Candida albicans (yeast) was observed. The antibacterial activity of Paganum harmala was 

attributed to the presence of harmine or harmaline and harmalol or all of these indole 

alkaloids (Ahmad et al., 1992).     

 Data obtained in the present study confirmed the considerable biological activities 

possessed by Cichorium intybus and Paganum harmala. The presence of biologically important 

phytochemicals in the plant extracts may contribute to their medicinal value and potential sources 

for useful drugs. The investigated plants may be processed for pharmaceutical and natural 

therapies for the treatment of ailments in humans. Further the antioxidant properties exhibited by 

these medicinal plant indicate its possible use as a functional ingredient for processing into health 

foods in the food industry 
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Phytochemical profling.  

 The qualitative results of medicinal plant extract in table 4.13 showed that the 

alkaloid, tannin, steroid, favonoid, terpin-oids and cardiac glycocine. The phloba-tannin were 

present only in the stem of Paganum harmala.  The tannin and saponin were also absent in 

from the roots of Paganum harmala, terpin-oids were also absent from leaf, root and stem of 

Cichorium intybus, Paganum harmala. The cardiac glycocine also not found in the roots of 

Cichorium intybus, leaf, stem and leaf of Cichorium, leaf of Paganum harmala. 

Table 4.11: Phytochemistry of Cichorium intybus and Paganum harmala Qualitative analysis 

Medicinal 

plant 

Plant 

part 

Alkaloid Tannin Saponin Steroid Phloba-

tannin 

Flavonoid Terpin-

oids 

Cadiac 

glycocine

Cichorium 

intybus 

Root -ve +ve +ve -ve -ve +ve -ve -ve 

 Stem +ve -ve +ve -ve -ve +ve +ve +ve 

 Leaf +ve +ve -ve +ve -ve +ve -ve -ve 

Paganum 

harmala 

Root +ve -ve -ve +ve -ve +ve -ve -ve 

 Stem +ve +ve +ve +ve +ve +ve -ve -ve 

 Leaf +ve +ve -ve +ve -ve +ve +ve -ve 

 

 These results are in accordance with previous reports for different part of this 

medicinal plant. Mehmood et al. (2012) reported that the methanolic extract and different 

fractions (n-butanol, ethyl acetate, chloroform and n-hexane) of C. intybus seeds showed 

various phytochemical constituents. The C. intybus seeds extract/fractions contained 

appreciable levels of total phenolic contents (50.8-285 GAE mg/100g of dry plant matter) 

and total flavonoid contents (43.3-150 CE mg/100g of Dry plant matter). The C. intybus seed 

extract/fractions also exhibited good DPPH radical scavenging activity, with IC50 ranging 

from 21.28-72.14 µg/mL. Of the C. intybus seeds solvent extract/fractions tested, 100% 

methanolic extract and ethylacetate fraction exhibited the maximum antioxidant activity. The 

results of the present investigation demonstrated significant (p < 0.01) variations in the 

antioxidant and antimicrobial activities of C. intybus seeds solvent extract/fractions.   
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Quantitative study of cichorium intybus and Paganum harmala 

 Flavonoids, as one of the most diverse, widespread groups of natural compounds. The 

total phenolic contents (TFC) calculated for medicinal seed extracts in methanol are shown in 

table 4.13. The TFC content varied from 4.6% to 28%, the Cichorium intybus leaf showed 

lowest amount, while Paganum harmala leaves furnished highest amount. Regarding the 

flavonoid content, the yield of flavonoids depends not only upon plant type but also upon the 

extraction solvent, which is shown in above Table 4.13.  Similar to the total phenolic content, 

high levels of flavonoids were also observed in the extracts of medicinal plant seeds. The 

water extracts of these plants contained higher flavonoid contents compared to the other 

solvents. This implies that the amount of TFC depends strongly on solvent and different plant 

showed variable contents of TFC in a single solvent and the results are in accordance with 

previous studies that found that higher yields of flavonoids were achieved using polar 

solvents (Yao et al., 2004; Velikovic et al., 2007; Nguyen and Eun, 2011). Furthermore, the 

presence of phenolics and flavonoids is affected by the type of plant parts, maturity at 

harvest, growing conditions, soil conditions (Huang et al., 2005)                                                                       

Table 4.12: Quatitative analysis of phytoconstuents of Cichorium intybus and Paganum 

harmala 

Medicinal 
Plant 

Plant part Alkaloid 
quantification 

(%) 

Flavonoids 
quantification 

(%) 

Saponin 
quantification 

(%) 
 

Cichorium intybus 
Leaves 9.4 4.60 2.20 

Stem 1.6 18.3 1.00 

Roots 1.6 21.0 0.60 

Paganum harmala Leaves 5.6 28.0 2.60 

Stem 1.8 19.0 0.80 

Roots 1.2 8.60 0.80 

 

 Different plant may synthesize and accumulate different compounds or different 

amounts of a particular compound due to their differential gene expression, which in turn 

affects the antioxidant activity and other biological properties of the plant extracts produced 

(Jaffery et al., 2003) Rafat et al., 2010). Many studies have confirmed that the amounts and 
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composition of phenolic and flavonoid compounds is diversified at the sub-cellular level and 

within plant tissues as well (Macheix et al., 1990; Randhir et al., 2004). The results of 

Cichorium intybus in accordance as reported by Hussain et al. (2011). 

 The results of flavonoid, saponin and alkaloids are shown in table 4.14. The 

percentage of flavonoid in leaves, stem and roots of Cichorium intybus and Paganum 

harmala were found to ranges from 4.60-19% and 0.80-2.60, respectively. In case of 

saponin, the highest amount was found in Paganum harmala leaves, while lowest in 

Paganum harmala stem and roots and the percentage of alkaloids in root, stem and leaf of 

Cichorium intybus and Paganum harmala were found to ranges from 1.2% tos 9.2%, 

respectively It is very clear from results that the overall saponin contents remained almost 

low as compared to the alkaloid and flavonoids contents discussed earlier. The contents of 

saponin and flavonoids were found low in root, stem and leaves as compared to whole plant 

(Hussain et al., 2011). The authors determined the alkaloids, flavonoids and saponins in the 

whole plant of Cichorium intybus and Paganum harmala. 

4.4.1. Total Phenolic Contents of Paganum harmala by HPLC analysis 

 Total phenolic contents in seedlings of both medicinal plants were determined with 

the help of HPLC (fig.4.10). The column used was Octadecylsilicate (ODS) and UV-detector 

was used for recording the change in wavelength. The flow rate of the sample in column was 

1 mL/min. 
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Fig. 4.10:  Chromatograms of total phenolic contents from different plant parts (leaf (a), 

stem (b) and root (c)) of Paganum harmala. 

 HPLC with C18 columns is the most popular technique for the analysis of polyphenols 

of different foods, despite the fact that the separation of procyanidins is not satisfactory. A 

UV-vis multiwavelength detector was used because all phenolic compounds show intense 

absorption in the UV region of the spectrum. The present method is simple, easy to use, and 
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effective enough for the identification and quantification of major phenolic compounds in 

plants and other related samples (Mattila et al., 2001; Justesen et al., 2001). 

 
Table 4.13: Detrmination of acidic Phenolics from P. harmala 

Phenolic compound Leaf (µg/mL) Stem (µg/mL) Root (µg/mL) 

Chromatotropic acid _ _ _ 

Gallic acid 16.89±0.412 11.63 364±0.321 3.483 ± 0.284 

Caffeic acid 10.51 ±0.331 4.726 ±0.264 1.085 ±0.241 

Vanillic acid 3.725 ±0.286 0.861 ±0.485 ND 

MB) Hydroxymethoxybe-nzoic 

acid (H 

26.20 ±0.519 18.62 ±0.369 4.152 ±0.644 

Chlorogenic acid 2.583 ±0.439 _ _ 

Syringic acid 0.825 ±0.537 _ _ 

p-Coumeric acid _ _ _ 

m-Coumeric acid 7.847 ±0.643 5.163 ±0.321 1.733 ±0.174 

Ferrulic acid 5.841 ±0.521 4.038 ±0.124 0.369 ±0.243 

 

 After extraction and acid hydrolysis, the content of phenolic substances were 

determined. Results were expressed in (µg/mL). Paganum harmala, contained large amount 

of hydroxymethoxy benzoic acid, in leaf, stem and root 26.20, 18.62 and 4.152  respectively 

as well as Paganum harmala leaf stem and root extract also contained moderate amount of  

Gallic acid, as 16.89±0.412, 11.63 364±0 and 3.483 ± 0.284, Chromatotropic acid and  p-

Coumeric acid are not detected in the extract of  leaf, stem and root but Chlorogenic acid and 

Syringic acid was detected only in leaf extract and both the compound were absent in the 

stem and root extracts. The most abundant phenolic acids were caffeic acid (10.51 ±0.331) 

detected in leaf, stem and root.  The results showed that m-coumeric acid and ferrulic acid 

were detected in moderate amount in Paganum harmala leaf, stem and root extract. The 

phenolic compounds determined by HPLC from different parts for Paganum harmala are 

presented in table 4.11. By using this technique different phenolic compounds were 

identiufied. The profile is quite hetrogenous in different parts related to these compounds. 
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 No such studies of the examined plant extracts were found in the literature. 

Optimization of acidic conditions for the hydrolysis of flavonoid glycosides in a range of 

fruits, vegetables, and beverages has been described by Hertog et al. (1992). Antioxidant 

activities of polyphenols from Paganum harmala have been reported (Lu et al., 2001). 

Phenolic compounds such as vanillic acid, caffeic acid, luteolin, and apigenin in certain herbs 

such as rosemary, thyme and basil were found in concentrations similar to those reported by 

other researchers (Zheng et al., 2001). The flavonol quercetin and Phenolic compounds were 

found usually in nature as esters and rarely as glycosides or in free form (Rice-Evans et al., 

1996). Phenolic compounds were found usually in nature as esters and rarely as glycosides or 

in free form (Rice-Evans et al., 1996). Thus, hydrolysis was needed for their identification 

and quantitative determination. They were also present in plants in the form of glycosides. 

Any flavonoid may occur in a plant in several glycosidic combinations. For this reason, 

hydrolysis was used to release the aglycons, which can be further investigated by HPLC. 

After isolation and quantification of phenolic compounds by using HPLC method it is 

investigated that the Paganum harmala contain ydroxymethoxy benzoic acid, Gallic acid,  

Chromatotropic acid and  p-Coumeric Chlorogenic acid and Syringic acid m-coumeric acid 

and ferrulic acid. The phenolic compounds determined by HPLC from different parts for 

Paganum harmala are presented in table 4.11. By using this technique different phenolic 

compounds were identiufied. The profile is quite hetrogenous in different parts related to 

these compounds. Also these acidic antioxidant compound showed antimicrobial activity.   

4.4.2. Total Phenolic Contents of Cichorium intybus by HPLC analysis  

 The various peaks in the figure 4.11 (a, b and c) showed the concentration of acidic 

phenolic compound. It has been estimated that 40% of all human world cancer mortality 6 

million lives every year may be a result of poor diet (Jain et al., 2002).The answer to all this 

damage is natural anticancer, antioxidant compounds like phenolics that prevent this loss. 

The TPC is a good index of the antioxisdant compounds in any sample- aquite good profile 

of TPC in the Cichorium intybus was recorded. 
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Fig.4.11:  HPLC analysis of Phenolics from leafa, stemb and rootc extracts of Cichorium 

intybus???????????????????????? 
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Antioxidant compounds, free radical scavenging property, Total Phenolic Contents 

and antioxidant activity from Cichorium intybus and Paganum harmala (Bajpai et al., 2005). 

The variation in the profile of phenolics in different plants may vary due to cultivation 

conditions, stress or bred lines (Long et al., 2006). 

TPC were studied by using method described by Chaovanlikit and Wrolstad (2004). 

After extraction and acid hydrolysis, the content of phenolic substances was determined. 

Results are expressed in (µg/mL). Cichorium intybus contained large amount of 

hydroxymethoxybe-nzoic acid, in leaf, stem and root 17.820 ±0.639, 09.62 ±0.669 and 2.752 

±0.144 respectively, as well as Cichorium intybus leaf stem and root extract also contained 

moderate amount of gallic acid, as 12.85±0.316, 06.73 ±0.363 and1.493 ± 0.884. 

Chromatotropic acid,  p-coumeric acid and syringic acid not detected in the extract of  leaf, 

stem and root, as well as chlorogenic acid  was detected only in leaf extract and the 

compound was absent in stem and root extract. The caffeic acid detected in leaf, stem and 

root extract showed moderate amount m-coumeric acid and ferrulic acid detected in low 

amount in Cichorium intybus leaf, stem and root extract (table 4.12) 

Table 4.14:  Phenolics compounds from Cichorium intybus determined by HPLC from 

different parts. 

 

Phenolic compound 

Leaf (µg/mL) Stem (µg/mL)  Root (µg/mL)  

Chromatotropic acid _ _ _ 

Gallic acid 12.85±0.316 06.73 ±0.363 1.493 ± 0.884 

Caffeic acid 08.51 ±0.331 4.846 ±0.864 0.085 ±0.627 

Vanillic acid 2.535 ±0.206 0.391 ±0.482 _ 

Hydroxymethoxybe-oic acid 

(HMB) 

17.820 ±0.639 09.62 ±0.669 2.752 ±0.144 

Chlorogenic acid 1.553 ±0.736 _ _ 

Syringic acid _ _ _ 

p-Coumeric acid _ _ _ 

m-Coumeric acid 4.639 ±0.351 2.183 ±0.553 0.933 ±0.616 

Ferrulic acid 5.841 ±0.285 1.035 ±0.385 0.169 ±0.229 
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  The importance of aromatic plants as natural antioxidants is well established (Jain et 

al., 2002). Their main constituents, (poly) phenolic substances, are a class of higher plant 

secondary metabolites (Haraguchi et al., 2002). They tend to be water soluble, because they 

frequently occur combined as glycosides, and they are usually located in the cell vacuole. 

Polyphenols are antioxidants with redox properties, which allow them to act as reducing 

agents, hydrogen donators, and singlet oxygen quenchers. They also have metal chelation 

properties. Their significance for the human diet and antimicrobial activity has been recently 

established. Indeed, these compounds have been proposed as potential preservatives, because 

consumer pressure on the food industry to avoid chemical preservatives has increased over 

the past decades. With regard to the physiological and pharmacological actions of 

polyphenols, it was found that these compounds possess molluscicidal, anthelmintic, and 

antihepatoxic activities. More precisely, it was found that they inhibit human 

immunodeficiency viral replication (HIV), human simplex virus (HSV), glucosyl transferases 

of Streptococcus mutans (dental carries), ascorbate autoxidation (green tea), cytotoxic 

effects, tumor promotion, and xanthine, monoamine oxidases (Haraguchi et al., 2002). 

From the above discussion it is concluded that Cichorium intybus leaf, stem and root 

posses the hetrogenous acidic antioxidant phenolics and these compounds are biologically 

active. The over all study showed that Cichorium intybus is important medicinal plants.  

4.5. Partial purification by gel filtration  

 After ammonium sulphate precipitation Cichorium intybus and Paganum harmala 

sample was utilized for the purification by the gel filtration, after gel filtration fractions were 

used to find fraction with maximum protein contents by taking the absorbance at 280 nm and 

then drawing the graph between the elution numbers and absorbance at 280 nm (Deutscher, 

1990). 

The pattern of gel filtration of the extract can be seen in the figure 4.12. 
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Figure: 4.12: Gel filtration fractionation of ammonium sulfate precipitation of Cichorium 

intybus using sephadex G-200 

 From the result of antimicrobial assay it was clearly shown that maximum antifungal 

activity was found at dpi 3 extract (sample after 3 days induction of Aspergillus niger, Dpi 3 

extract was screened out for partial purification. The extract was subjected to protein 

purification of the proteins/peptides responsible for antifungal or anti bacterial activity. 

Partial purification of peptides/proteins from induced extracts of plants was performed by 

ammonium sulphate precipitation, gel filtration and ion exchange. The samples were 

precipitated at 80% saturation level of ammonium sulphate followed by gel filtration. 

Heo and Lim (2004) precipitated their targeted proteins at the 80% saturation level. 

Huang et al. (2005) precipitated an antifungal proteins at saturation level of 70% of 

ammonium sulphate, similarly other workers like Huynh et al. (1992) and Casado et al., 

2000) performed precipitation at 60 % and 65% respectively for the partial purification of 

their desired proteins. 

 The extract after ammonium sulphate precipitation was permeated by sephadex G-

200. Antimicrobial activity was determined after purification. The gel filtration pattern of 

Cichorium intybus is represented in Fig 4.12. 

The pooled antifungal friction was further purified by DEAE sephadex anion 

exchange chromatography resulting in a single peak (Fig 4.7) with inhibition to the growth of 

Fusarium solani. Absorbances were noted at 280 nm and graph was plotted. Different peaks 

were subjected to antimicrobial assay. 
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4.5.1. Ion Exchange Chromatography: 

       The pooled fraction possessing the strong antimicrobial activity was subjected to anion 

exchange using DAEA sephadex. Absorbance was noted as 280 nm and graph was plotted. 

Different peaks were subjected to antimicrobial assay. 
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Fig. 4.13: Protein purification by ion-exchange chromatography from Cichorium intybus 

 The column was washed with phosphate buffer to remove unabsorbed fraction and 

then eluted with NaCl gradient (0-1.0 M) in the same buffer at flow rate of 2.0 mL/min to 

desorb the absorbed fraction which contain antimicrobial activity. From the DEAE sephadex 

anion exchange chreomatogram that was eluted shown strongly activity against Fusarium 

solani. 
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Table 4.15:  Antifungal and antibacterial activity of partially purified (after ammonium 

sulphate precipitation, gel filtration and ion exchange) samples of Cichorium 

intybus against selected fungal strain by disc diffusion method. 

Extracts Aspergillus 
niger 

Inhibition 
zoone   
(mm) 

Fusarium 
solnai 

Inhibition 
zoone   
(mm) 

Staphylococcus 
aureus 

Inhibition 
zoone   
(mm) 

E. 
coli

Inhibition
zoone   
(mm) 

Crude 
extracts 

+ 7 + 6 + 5 + 6 

(NH)2SO4 

residue 
++ 17 + 10 ++ 12 + 8 

Supernatant + 8 - - - 14 + 10 

Gel 
filtration 

++ 18 ++ 14 ++ 10 ++ 20 

Ion 
exchange 

++ 16 ++ 18 ++ 20 ++ 16 

 

4.5.2. Sodium Dodecyl Sulphate Polyacrylamide gel electrophoresis of Cichorium 

intybus 

         For characterization of antimicrobial peptides/protein in Cichorium intybus 

Polyacrylamide gel electrophoresis was used following the method of given by Lee (1990). 

 In the present study the samples collected at pre-scheduled days of inoculation were run by 

using the SDS-PAGE of concentration of 10% of acrylamide. The results were presented in 

the Fig.4.14. 
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Proteins Peptides Purification of Cichorium intybus 

 

 

Fig. 4.14:  The purification of proteins /peptides of different post day inoculation by 

SDS-PAGE analysis using 10% acrylamide concentration  

A. Crude extract 

B. After centrifugation 

C. Ammonium sulphate dialysis 

D. Amonium sulphate pellete 

E. Gell filtration 

       F. Ion exchange 

4.5.3. Sodium Dodecyl Sulphate Polyacrylamide gel electrophoresis of Cichorium 

intybus 

         For characterization of antimicrobial peptides/protein in Cichorium intybus 

Polyacrylamide gel electrophoresis was used following the method of given by Lee (1990). 

         In the present study the samples collected at pre-scheduled days of inoculation at dpi 3 

and 4 pool up witch showed the maximum activity and get the sample at different 

purification steps and quantified the protein at various level of purification by run the sample 

using the SDS-PAGE of concentration of 10% of acrylamide. The results were presented in 

the Fig.4.12 
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Fig. 4.15: SDS-PAGE for purification of Proteins/peptides in Cichorium intybus 

From left to right  

M represents the marker  

B represents extract control 

 The expression of higher molecular mass protein was prominent at the day 4 dpi. The 

low and medium molecular mass proteins were also support the low molecular mass 

proteins/peptides were reported as antimicrobial activity. 

 SDS-polyacrylamide gel electrophoresis was performed for partial purification of 

proteins/peptides on extracts of ammonium sulphate precipitation, Gel filtration and ion 

exchange 

4.6. Antioxidant activity of extracts from Cichorium intybus and Cichorium intybus 

seedlings  

 Antioxidant effect of seed extract of Cichorium intybus on DNA strands seission 

induced by H2O2 and ultraviolet light (UV). In the given diagram the samples were arranged 

in the following pattern.  
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Figure 4.16:  Protective effects of Paganum harmala extract on DNA damage induced by  

H2O2 and UV light 

 In lane 1 represents native pBR322 without any treatment. pBR322 was exposed to UV 

alone (Lane 2). pBR322 H2O2    (Lane 3).  pBR322 plus H2O2   plus UV (Lane 4). pBR322 plus 

H2O2 plus extract (Lane 5). pBR322 plus UVplus extract (Lane 6). pBR322 plus H2O2   plus UV 

plus extract (Lane 7). pBR322 plus H2O2 plus UV plus extract. 

 Antioxidant effect of seed extract of Paganum harmala on pBR322 strands seission 

induced by H2O2 and ultraviolet light (UV). In the above given diagram the samples were 

arranged in the following pattern.  

 

 

Figure 4.17: Protective effects of Cichorium intybus extracts on DNA damage induced by 

different sources. 

M 1 2 3 4 5 6 7 

M 1 2 3 4 5 6 7 
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 In lane 1 represents native pBR322 without any treatment. pBR322 was exposed to UV 

alone (Lane 2). pBR322 H2O2    (Lane 3).  pBR322 plus H2O2   plus UV (Lane 4). pBR322 plus 

H2O2 plus extract (Lane 5). pBR322 plus UVplus extract (Lane 6). pBR322 plus H2O2   plus UV 

plus extract (Lane 7). pBR322 plus H2O2 plus UVplus extract. 

 These results about fig 4.16 and fig 4.17 suggests that the antioxidant activity of the 

seed extracts of Cichorium intybus and Paganum harmala correlates well with their phenolic 

contents. In other words the highest contents of phenolic in seed extract of Cichorium intybus 

and Paganum harmala posses most potent effect on antioxidant activity. Hydroxyl radicals 

are considered to be the most active reactive oxygen species (ROS) which can physically 

attack DNA to cause strand scission. Because the seed extract of Cichorium intybus and 

Paganum harmala possessed the strongest antioxidant activity. Seeds extract, at a dose of 20 

µL, virtually completed inhibited pBR322 strand cleavage under oxidative stress of hydroxyl 

radicals induced by UV photolysis of H2O2 (Keum et al., 2000) have demonstrated that the 

methanolic extract of heat processed ginseng can almost completely DNA from strand 

scission at a dose of 30 mg/mL. In contrast a doses of 30 fold less was required for the seed 

extract of Cichorium intybus and Paganum harmala to inhibit DNA damage, compared to 

the methanolic extract of heat processed it is well recognized that ROS may play major role 

in tumor promotion and chronic disease and aging while the use of natural oxidant play 

important role to reduce these diseases. Antioxidants are very important for improving 

quality of life. So the main purpose of this part of  study is to use Cichorium intybus and 

Paganum harmala as medicinal plant.  

4.7. Essential oil of Paganum harmala 

 GC-MS analysis of essential oil from Paganum harmala plant  extract  by using  super 

critical fluid method extract enabled the identification of 40 components, Table 4.16 representing 

98% of the total fraction. This volatile fraction consisted of a mixture of different classes of 

compounds. The major constituents were found to be 1,2-Bis[1-(2-hydroxyethyl)-3,6-

diazahomoadamantantydene-9]hydrazine  (13.29%), methanol, [4-(1,1-dimethylethyl) 

phenoxy]-, acetate  (11.29%), Uridine, 5-tr hexyl-idecafluoro (8.56%), Tetracosane (5 .40%), 

and Bis [phenylsulfonyl]-4-trichloromethylphenyl chloromethane  (5.29%). In Figure 4.18 the 

peaks represents the percentage of each phytocostituent. 
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Figure 4.18: GC-MS analysis of essential oil extracted from whole plant of Paganum 

harmala 
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Table 4.16: GC-MS profile of essential oil from whole plant of Paganum harmala 

Sr.  No. R.Time Compound Name Area% 

1 3.398 Dimethoxybutane 5.24 

2 4.850 3,3-Dimethoxy-2- butanone 0.41 

3 4.970 1,1’-[ethylidenebis (oxy)]bis[2-methy1  0.30 

4 8.690 Undecane 1.24 

5 20.858 1-(4,7 dihydro-2-methy1-7-oxopyrazolo [1,5-a]pyrimidin-5y1)-methyl Oster 0.21 

6 20.892 Heneicosane, 3-methyl 0.62 

7 21.042 Heptadecane, 2,6,10,15-tetramethyl  0.85 

8 21.167 1,1,3,3,5,-hexadecamethyl 4.56 

9 21.250 Chloroaniline-5 sulfonic acid 0.73 

10 21.633 Pregna-5,16-dien-20-one, 3-[(trimethylisilyl)oxy]-, O-methyloxime,(3.beta)- 0.35 

11 21.720 N-[(pentafluorophenyl)methylene]-3,4-bis[(trimethylsily)oxy]- 4.89 

12 21.825 Tetratriacontane 3.90 

13 21.908 Hexestrol di-TMS 2.78 
14 21.958 [1-(3-butenylthio)-2-nitroethyl] 1.88 

15 22.158 Tetracosane 5.40 

16 22.308 1,2-Bis[1-(2-hydroxyethyl)-3,6-diazahomoadamantantydene-9]hydrazine 13.23 

17 22.367 5-tridecafluorohexyl- 0.99 

18 22.425 Uridine, 5-tridecafluorohexyl- 2.12 

19 22.500 Tetracosane 2.60 

20 22.566 Cholestano [3,5-c]isoquniolin-1 ‘(2’H)-one , 3’,4’-dihydro-6’,7’-dimethoxy 3.57 

21 22.725 Bis[phenylsulfonyl]-4-trichloromethylphenyl chloromethane 5.29 

22 22.775 Sarreroside 2.21 

23 22.842 Verrucarin A, 7’-deoxo-7’-(1-hydroxyethyl)- 0.91 

24 22.949 Uridine, 5-tr hexyl-idecafluoro 8.56 

25 23.042 3,5,9- Trioxa-4-phosphapentacosan-1-aminium, 4-hydroxy-N,N,N-trimethyl-
10-oxo-7-[(1-oxohexadacyl)oxy]-, hydroxi 

1.77 

26 23.204 Hexatriacontane 3.70 

27 23.333 Butanedioicacid,2,3-bis[(tert-butyldimethylsily)oxy]-,bis(tert-
butyldimethylsily) ester 

0.88 

28 23.375 Bis [4-[4-hydroxy]pipperidino-3-nitrophenyl] sunlfone 1.34 

29 23.450 Cholestano[3,2-c]isoquinolin-1’(2’H)-one, 3’,4’-dihydro-6’,7’-dimethoxy-  1.20 

30 23.517 Timethyl(4-tert.-butylphenoxy)silane 0.86 

31 23.663 Methanol,[4-(1,1-dimethylethyl)phenoxy]-, acetate 11.29 

32 23.817 Hexatriacontane 0.63 

33 23.875 Ergostane-5,25-diol,3,6,12-tris[(trimethylsilyl)oxy]-,25-acetate,(3beta 

.,5.alpha.,6.beta.,12.beta.) 

0.71 
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GC-MS Analysis of Spectrum of Essential oil of Cichorium intybus in   this  spectrum  

peaks showed themajor compound at different absorption  

 

 

Figure 4.19:  Chemical profile of Cichorium intybus by GC-MS extracted by SCFE. 3.7 

GC-MS analysis of essential oils of Cichorium intybus  
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Table 4.17: GC-MS Analysis of essential oil from Cichorium intybus plant by using SFE   

Sr  
No 

R.Time Compound Name Area% 

1 12.938 Tetradecane 0.18 
2 13.825 Hexadecane 0.16 
3 14.661 Heptadecane 0.31 
4 15.791 Pentadecanone, 6,10,14-trimethyl- 0.25 
5 16.042 Z-5-Nonadecene 1.67 
9 17.714 Phytol 0.26 
10 18.268 Heneicosane 0.49 
11 18.752 1,30-Triacontanediol 1.58 
13 19.497 Tetracosane 0.95 
14 19.742 Hentertracontanol 2.64 
15 17.786 Tritriacontane 4.14 
16 17.967 9-Octadecenoic acid, 1,2,3-propanetriyl ester, (E,E,E)- 8.02 
17 20.075 Tetracosane 11.27 
18 20.628 Tetratriacontane 1.83 
19 20.849 Pentadecanal 0.24 
20 21.173 Tetratriacontane 21.58 
21 21.242 Butanoic acid, 3,7-dimethyl1-6-octenyl ester 0.77 
22 21.342 Tetraconsanoic acid, methyl ester 0.35 
23 21.437 Lup-20(29)-en-3-one 0.98 
24 21.720 Hexatriacontane 1.61 
25 21.850 Lupeol 1.04 
26 21.982 Oxirane, heptadecyl- 1.47 
27 22.239 Cyclohexane, 1-(1-tetradecylpentadecyl)- 0.36 
28 22.312 Hexatriacontane 10.19 
29 22.627 Octanoic acid, 1-ethenyl-1,5-dimethyl-4-hexenyl ester 0.20 
30 22.950 Hexatriacontane 0.65 
a31 23.293 Oxirane, heptadecyl- 0.70 
32 23.583 9-Hexadecenoic acid, 9-hexadecenyl ester,(Z,Z)- 0.17 
33 23.671 Hexatriacontane 9.78 
34 23.872 Lup-20(29)-en-3-one 1.02 

 

 GC-MS analysis of essential oil from Cichorium intybus plant extracted  by using  super 

critical fluid extraction method  extract enabled the identification of 34 components, representing 

96% of the total fraction. This volatile fraction consisted of a mixture of different classes of 

compounds. The major constituents were found to be Tetratriacontane(21.58%), Tetracosane 

(11.27%), Hexatriacontane (10.19%), 9-Octadecenoic acid, 1, 2, 3-propanetriyl ester, (E, E, 

E)-  (8 .02%), and  Heneicosane (7.03%). 

 The antibacterial activity was evaluated by whicks paper disc diffusion methods. 
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The qualitative antibacterial was carried out by the disc diffusion against fours selected 

strain: Escherichia coli, Staphylococcus aureus, Aspergillus niger and Fusarium solani by 

using the method of (CLSI, 2011). 

Table 4.18:  Antimicrobial activity of essential oil of Paganum harmala and Cichorium 

intybus 

Essential oil Aspergillus 

niger 

Fusarium 

solnai 

Standard Staphylococcus 

aureus 

Escheria 

coli 

P. harmala 14±0.1 18±1.5  2o±1,2 22±1.1 

C. intybus 20±1 20±0.6  22±o.4 24±0.2 

Fluconazole 30±0.9 30±0.7 Rifampcin 36±0.3 36±0.2 

 

 Antimicrobial activity of Paganum harmala and Cichorium intybus was positive 

against selected fungal and bacterial strain. The antimicrobial activity might be due to 

compounds which are disused in the above table 4.19 and 4.20.  

 Tetracosane (5 .40%), and Bis [phenylsulfonyl]-4-trichloromethylphenyl 

chloromethane  (5.29%) 

 Tetratriacontane(21.58%), Tetracosane (11.27%), Hexatriacontane (10.19%), 9-

Octadecenoic acid, 1, 2, 3-propanetriyl ester, (E, E, E)-  (8 .02%), and  Heneicosane (7.03%) 

 There are a number of reports available in the literature that depicted the 

antimicrobial activity of chemicals found in essential oil of medical plants, e.g., essential oil 

of Thymus vulgaris, Thymus serphyllum, Saliva officinalis and Pimpinella anisum (Abu-

Darwish et al.,2012), Benbelaid et al. (2012) reported the antimicrobial activity of essential 

oil of Lavandula multifida against Gram-negative and Gram positive pathogenic bacteria. 

Likewise, Vasinauskiene et al. (2006) observed that essential oil of aromatic medicinal plants 

had significant antimicrobial potential. Suganya et al. (2012) recorded the antimicrobial 

potential of essential oil of Coriandrum sativum against S. aureus, Enterobacter aerogenes, 

Klebsiella pneumonia, Vibrio cholera, Salmonella typhi. In addition, GC-MS analysis of 

essential oil of these planst exhibited the presence ofphytochemicals cnstituent widely known 

for their biological activities.  This study is one of the few studies conducted on antimicrobial 

potential of these medicinal plant from Pakistan. The results of previous studies and present 

research indicated that these medicinal plant had potential antimicrobial activity in terms of 
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organic extracts and essential oil. Therefore, the most active compounds known to possess 

antimicrobial potential should be further characterized for their use as medicines. This is 

extremely important as bacteria are getting resistant to a wide range of antibiotics used to 

cure bacterial diseases in humans  

General discussion and conclusion 

 The medicinal plants have immensely contributed to the health needs of human 

throughout their existence. Even today almost one quarter of all prescribed medicines in the 

world contain ingredients from plant origin. However, plants contribute to our lives more 

than animals mainly due to their extraordinary array of diverse classes of biochemicals with a 

variety of biological activities. Plant diversity in reality is an outward manifestation of 

chemical diversity. Even plants contain thousands of chemicals and each one of them is 

capable of locking particular disease mechanism. The immense economic potential and the 

widespread cultural acceptability of plant-based products are also the key factors in plant-

based drug development (Iqbal and Rehman, 2004).  

 According to pharmacognosist Prof. Norman Farnsworth (University of Illinois, 

USA) there are 90 plant-derived drugs prescribed in the industrialized world. According to 

WHO estimate around 80% of the world’s 60 billion population relies on herbal remedies for 

their basic health care needs (Shahid et al., 2008). 

 The screening of bioactive agents from plants is one of the most intensive areas of 

natural product research today, yet the field is far from exhausted. Sandberg and Bruhn 

(1979) reported that only around 10% of all plants had been investigated in detail for 

bioactive agents.  For this reason alone it could be argued that further investigation on 

Cichorium intybus and Paganum harmala is worthwhile. 

 The isolation of bioactive agents from plants in general, can be grouped into two 

broadly fundamental procedures, namely: 

(I) Biological screening, i.e. searching for a specific physiological effect. 

(II) Phytochemical screening, i.e. randomLy searching for bioactive compounds. 

 Both kinds of screening are very important in the discovery of new drugs. 

Phytochemical screening has led to the discovery of a lot of useful compounds such as 

alkaloids, phenols, thionins, megainins, cecropins, essential oils, perfumes, pharmaceuticals, 

proteins/peptides, gums etc. 
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Information on structures of bioactive compounds helps in selection of non toxic and 

effective compounds for the synthesis of drugs with in considerable side-effects. The pure 

compound is required to assess the possible lethal toxicity or side-effects of the drug. 

Future prospects 

 This study provides the sound foundation to extract further information from these 

medicinal plants. We have not studied the genetic and proteomic activity of these plants 

when exposed to fungal stress. We use both forward genetics and reverse genetics 

approaches to elaborate this study. The information of up-regulated or down-regulated genes 

can be obtained using microarray analysis, similarly proteomic analysis for the expression of 

proteins/peptides. In addition, antimicrobial protein sequences can also be used to track 

which gene was expressed. The structure determination of antimicrobial proteins will further 

elaborate the potential role of these products to be used in pharmaceuticals as well as in the 

food industy as natural preservative. 
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CHAPTER 5 

SUMMARY 

 

 The present research was investigated to study the antibacterial and antifungal 

activity of Paganum harmala and Cichorium intybus under biotic stress condition.  Fungal 

stress was applied to induced bioactive compounds in the medicinal plants. Four bacterial 

species Staphylococcus aureus, Escherichia coli, Pasteurella multocida and Bacillus 

subtilis,s and four fungal species Aspergillus niger, Fusarium solnai, T. harzianum and H. 

myedis were tested for antimicrobial activity. The bioactive compounds were extracted in 

organic solvents from root, stem and leaf of the medicinal plants. The solvents used were n-

hexane, chloroform, ethyl acetate, n-butanol and water. The extraction of bioactive 

compounds was found higher from n-hexane, ethyl acetate and n-butanol. The extract from 

plants maximally inhibited the growth of the selected microorganisms. 

In addition to the antimicrobial investigation different enzymatic activities pertain to 

antioxidants, viz., peroxidase, catalase were also determined. A marked increase was 

observed in activities of the enzymes in both the medicinal plants. Increase in activities of the 

enzymes depicts the defensive mechanism employed by the plants to avoid oxidative stress in 

terms of production of lethal rective oxygen species (ROS). Likewise, in our study a marked 

perturbation in the concentrations of phenolics, alkaloids, saponins and falvonoids has been 

recorded in the plants. These changes are attributed to the biotic stress in the plants. The 

plants were also inoculated with A. niger to induce biotic stress at seedling stage. These 

seedlings were harvested at different day post inoculation to determine the activities of 

hydrolytic enzymes (α-amylase and protease). These two hydrolytic enzymes are known for 

their potential role in germinating seedlings. The activity of these hydrolytic enzymes 

showed a parabolic pattern of increase when determined at different dpi . 

Essential oil of the medicinal plants was extracted with the help of super critical fluid 

extraction method and subjected to GC-MS analysis and antimicrobial activity. Results 

showed that essential oil of the two medicinal plants had antimicrobial potential. In addition, 

GC-MS analysis depicted the presence of several bioactive compounds known for their 
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antimicrobial activity. The major constituents found in Paganum harmala were 1,2-Bis[1-(2-

hydroxyethyl)-3,6-diazahomoadamantantydene-9] hydrazine  (13.29%), methanol, [4-(1,1-

dimethylethyl) phenoxy]-, acetate  (11.29%), Uridine, 5-hexyl-idecafluoro (8.56%), 

Tetracosane (5 .40%), Similarly Cichorium intybus GC-MS analysis of essential oil depicted 

the presence of different  bioactive compounds like Tetracosane (5 .40%), and Bis 

[phenylsulfonyl]-4-trichloromethylphenyl chloromethane  (5.29%) Tetratriacontane 

(21.58%), Tetracosane (11.27%), Hexatriacontane (10.19%), 9-Octadecenoic acid, 1, 2, 3-

propanetriyl ester, (E, E, E)-  (8 .02%), and  Heneicosane (7.03%).All these compounds 

showed antimicrobial activity against selected panel of microrganisims More ever the 

essential compounds can be used in the aroma therapy.  

 Another part in the study was organic extraction.The organic extracts of these 

medicinal plants proved to be an effective agent that prevented DNA damage induced by UV 

and H2O2. Antimicrobial peptides were extracted using different methods from plants grown 

under fungal stress. This extraction of protein was performed at different dpi. Proteins and 

peptides extracted at dpi 3 or dpi 4 were the most effective agents against bacterial and 

fungal pathogens. The selected medicinal plant also posses different Phyoconstuents that 

exhibited antimicrobial and antioxidant activity these phytocomponent may be isolated and 

charactirised by using state of art technique in future from these plants.  

On the basis of these results, it is suggested that the medicinal plants are rich source 

for antimicrobial and antioxidant compounds and in future, may be used for large scale 

extraction and isolation of such compounds which may find place in pharmaceutical industry 

and biopreservatives. 
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