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ABSTRACT   

Microorganisms, such as bacteria, are useful organisms in degrading the dead organic 

material, hence recycling the compounds. They are also useful in the production of 

various commercially important enzymes. The soil samples from different regions of 

Islamabad and Rawalpindi were taken for the investigation of bacterial strains that 

produce pectinase enzymes. Soil samples were diluted and streaking was carried out on 

the nutrient agar media for the isolation of different bacterial strains. The pH of 

nutrient agar media was adjusted at 8 and the cultures were incubated at 37oC for 36 

hours. Isolated cultures were tested on screening media for the investigation of 

production of pectinase by that isolated bacterial strains. Enzyme was harvested and 

centrifuged. Supernatant was taken as crude extract while the bacterial cells were pellet 

down. Crude extract was subjected to the Lowry assay and the total protein content 

was recorded.Ammoniumsulphateprecipitationwascarriedoutforthepartialpurification of 

pectinase enzyme. The results of Lowry assay shows  that the protein content was 

decreased from crude extract to the purified protein. The protein content obtained after 

column chromatography was 0.099mg/ml. The activity of enzyme obtained after the 

purification processes was 12.03 Units. Protein wapurified 3.2 folds and 57%yieldwas 

obtained. 
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INTRODUCTION 

 

The nature has provided the microbes with enormous abilities. One of the great 

qualities of microbes is the production of enzymes which are used by man over a long 

time. Certain microorganisms, i.e., bacteria and fungi, are able to produce pectinase 

enzymes which are of remarkable importance in industrial as well as in commercial 

sector (Jayani et al., 2005). Pectinase are about to dominate the industrial sectors of 

food, paper and textile as they are able to degrade pectin present in cell wall of dicots 

(Kashyap et al., 2001). 

 

Pectinaseenzymesarediversegroupofenzymesthatareabletohydrolysepectic substances 

mainly from the plant sources. Many species of fungi and bacterial strains produce 

abundantly these pectin hydrolyzing enzymes(   Pedrolli et al., 2009). Pectinases are 

responsible for the extension of cell wall so they are one of themost important 

enzymes for plants (Jayani et al., 2005), and are also responsible forthe softening of 

the plant tissues while they get mature (Sakai, 1992; Aguilar  and Huirton, 1990). 

 

It is a common practice that pectinases are utilized for degradation of various plant 

residues, extraction of juices from apples and other citric fruits as well. These 

enzymes have also been utilized for fermentation in brewing industries since 1960s 

(Semenova et al., 2006). Pectinases are efficient enough to degrade acids of pectin, 

i.e., homogalacturonan and rhamnogalacturonic acid, and convert them into useful 

compounds like sugars. Pectinase enzymes are of great industrial importance as they 

hydrolyse the pectic substances present in fruits into useful products. On the 

otherhand,pectinasesaretheprimaryenzymesthatareinvolvedinspoilinganddecayingofpr

ocessed food (Barth et al., 

2009).Cellwallisadistinguishingcharacterofplantwhichgivesthemprotectionand is of 

vital importance. Due to immobile nature, plants have to face and with stand every 

type of harsh environmental conditions and attack of pathogen and 

herbivores.Thediversityofchemicalconstituentofcellwalllikeproteins,polysaccharides, 
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aromaticandaliphaticcompoundsallowthemtoflourishindifferentenvironmentalniches(

Mohnen, 2008; Reddy and Saritha , 2016; Riou et al., 1992). 

 

Asweknowstructuralconstituentsofplantcellwallarecellulose,hemicellulose and pectic 

substances. Pectic substances are polysaccharide in 

naturewithhighmolecularweightandnegativecharge(Osborne,2004).Structurallytheyare 

having central chain in which the units are linked in α-1-4 glycoside 

linkagepartiallyesterifiedwithmethylgroupsaswell.Thesemethylatedmoleculesareknow

naspectinwhiledemethylasemoleculesarecalledpecticacidorpolygalacturonicacid. 

 

Pectic substances are compounds with very high molecular weight. These 

arefoundinmajorproportioninthecellwallofplantsparticularlymiddlelamellae,which is 

the thin wall between demarcating adjacent cells.In plant tissues, theirfunctionis to 

give them structural integrity  andcohesion (Rombouts et al., 1980). 

 

Pectinasesare usually classifiedasacidic pectinasesandbasicpectinases.Acidic 

pectinases are used for fruit juice and wine preparation. Acidic pectinases areused to 

remove suspended matter and as a result sparkling clear juice is obtained.Ahighly 

viscous juice is obtained when pectin-rich substances are crushed mechanicallyand 

stay linked to the pulp. Thus, a gelatinous structure of pectin tends to halt or obstruct 

the process of juice extraction (Khatri et al., 2015). While basic pectinases are used in 

paper, textile and pulp industry (Sharma  and Satyanarayan,2004). 

 

Pectin is a homopolysacharide in structure mainly present majorly in the 

cellwall of plants. That is why, it makes almost one third dry weight of the different 

planttissues (Gupta et al., 2008). Pectin is a matrix of jelly like substance which work 

as a cementing agent between plant cells of dicots, so that other cell wall component 

like cellulose fibrils are embedded in it (Braconnot et al., 2006). Pectin is commonly 

available as a white to light brown powder used to stabilize fruit juices, gelling agent 

and as a source of dietary fibrein energy drinks. 
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In order to overcome the energy crisis in the world, attention is focused on the 

renewable energy resources, like forest and agriculture remains, which mainly contain 

cellulose, lignin, xylan and pectin. Due to abundance of these resources, they 

aregainingalotofattentionasalternativeformoffeedstockandenergy.Severalmicrobes by 

producing vast array of enzymes can utilize such substances and carbonas 

energysources in variety of habitats (Sethi et al., 2016). 

 

APPLICATIONSOFPECTINASES 

 
According to the available physical conditions the application of pectinolyticenzymes 

is varied. Pectinases has been utilized in various industrial applications over the years, 

such as processing of fibre, tea, extraction of oil, textile processing, for purification of 

industrial waste water which contain pectinaciouces material. They 

arereportedtohaveroleinpurificationofvirusesandinpapermaking.Pectinaseenzymes 

were commercially used by man. In past. 

Pectinasesinspiteoflargescaleapplicationinvariousindustrialapplications,theyhaveaprim

ary and major role in fruit processing industry. They are used to enhance juiceyield, 

for giving colour and also as juice clarifier by decreasing the viscosity of fruit juices 

(Junweietal.,2000). They are use 

dinpressingandstrainingstagesinprocessingofcertainfruitslikeapple,pearandgrapes.Deta

ilofsomeoftheapplicationofpectinasesis given in the following section. 

 

Paper and PulpIndustry 

 
Pulp and paper industries are now using various productsincluding enzymesto ease 

their problems in manufacturing process. Pectinases produced by Bacillus sp.and 

Erwiniacrotovora (Pedrolli et al., 2009),hasbeenused for obtaining bast fibers from 

Edgeworthiachrysantha due to its strong softeningactivity (Tanabe and Kobayashi, 

1987). Japanese paper has been produced by using this retted bast (Horikoshi, 1990). 

Moreover, pectinases can also depolymerize pectinin order to lower the cationic 

demand of pectic solutions and filtrate form peroxidebleachingresultingin thebetter 

production of paper. 
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Textile  Processing 

 
The ability toremovesizingagentsfromcottoninanefficientandnon-

hazardouswayledtotheuse of Pectinase in conjunction with other important enzymes 

like amylases, lipases, cellulase and hemicelluloses, thus replaced causticsoda which 

is very toxic to the environment and was used earlier. Moreover, they canbe used in 

the process of Bio-scouring; a process in which non-cellulosic materials areremoved 

from the fibre without causing any damage to the fibre in a safe manner (Jayani et al., 

2005). 

 

Waste Water Treatment 

 
As we know waste water is released from many food processing industries. 

Wastewaterfromthecitrusprocessingindustrieswhichlargelycontainsperteinaciousmater

ials is barely decomposed by the microbes in a treatment called activated-sludge 

treatment. Endo-pectately as secreted by as oft-rotpathogen Erwiniacrotovorahasbeen 

reported to be useful in the pretreatment of pectenocius water produced from 

vegetable processing industries(Tanabe et al., 1986). 

 

Purification of Plant Virus 

 
Alkaline pectinases and cellulose digesting enzymes can be used to give very 

purepreparation of viruses in those cases when the virus particle is restricted to the 

phloemtissue (Jayani et al., 2005). 

 

MICROORGANISMSANDPECTINASEPRODUCTION 

 
Primary source of industrial enzymes are microorganisms, as 50% are fromthe 

fungi and yeast, 35% coming from the bacteria and remaining 15% are from 

theplants.Filamentousmicrobesarewidelyusedforsubmergedandsolid-statefermentation 

as these have the prime advantage over the non-motile bacterial andfungal species 

(Smith, 1987). Mehta et al., (1992) reported that they isolated 

168differentspeciesofbacteriafromsoilvegetablesourcesandreportedthatthesespecies 

have the ability to use pectin as only source of carbon. Out of which 30% had shows 

significant pectinase digesting ability. 
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Submerged fermentation process is generally used to produce the pectinasefrom 

microorganisms. The process involves the dissolution of the substrate in waterand the 

inoculum of bacteria is allowed to grow in the liquid media. Large volume ofdistilled 

water is required to produce the enzymes in submerged fermentation and also requires 

constant shaking (Geetha et al., 2012). 

 

Pectinases used in fruit industry are produced onlarge scale from Fungi as they are the 

most efficient in this process especially the Aspergillus sp. 

Moreover,theyhaveanotheradvantagethatthepHofenzymesproducedbyfungiisveryclose

to the pH of fruit juices (Ueda et al, 1982). However, for the preparation of 

vegetablepurees requiring pH in neutral range, they cannot be used (Chaeson et al., 

1978).Moreover,fungalenzymepreparationsarerelativelylessstableathighertemperature

s, so maceration should be carried out at temperature not exceeding 45oC.This 

limitation, necessitate that pasteurizing step should be carried out to inhibit 

thegrowthofmesophilic microbes (Silley, 1986). 

 

Among bacterial species Bacillus sp., Coccisp, Pseudomonas sp., Erwinia sp.and 

Chryseobacterium sp. are the pectinase producing microorganisms. (Roy   et al.,2018 

Karthik, Kumar and  Rao, 2011; Kumar and  Sharma,2012). Bacillus sp. is the major 

contributor in the production of alkaline pectinaseenzymes(Mohandas et al.,2018). 
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MATERIALS AND METHODS 

 

In order to investigate the pectinase producing bacterialstrains, 

researchwascarriedoutinEnvironmentalandIndustrialBiochemistryLaboratoryinBioc

hemistryDepartment, PMAS-Arid Agriculture University Rawalpindi. 

 

     Collection of soil samples 

 
In order to isolate the bacterial strains from soil, different soil samples 

werecollectedfromdifferentregionsofIslamabadandRawalpindiforthemicrobiologica

l investigation of pectinase producing bacterial strains. Soils were collected from 

surface and at a depth of 15 centimeter and both samples were thoroughly mixed to 

obtain a composite sample. Soil samples were collected in sterile plastic containers. 

Solid waste such as broken bottles and remains of plastic bags were removed and 

the composite sample was passed through a2mmmesh. 

 

Preparation  of   nutrient medium 

 
Nutrient Agar (NA) medium was prepared by adding 14g of nutrient agar 

in500ml of sterile distilled water. It was boiled to homogenize the solution. After 

thesolutionwashomogenized,thepHofNAmediumwasadjustedat8andthenitwas 

autoclaved. Autoclaved nutrient agar medium was poured in sterile petri platesand 

they were remained in Laminar Flow Cabinet (LFC) for 24 hours for the detection 

of contamination. 

 

Isolation of bacteria 

 
Soilsampleswerepouredinsteriledistilledwater.Tenfolddilutionsofeach 

sample were made in ten sterilized test tubes. Samples were picked withsterile 

cooled loop from the dilutions and streaked in 4 quadrants on Nutrient 

agarmedium.Streakingwascarriedoutusingstreakplatemethod.Afterstreaking,thesesa

mples were incubated at 37oC for36 hours. 
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           Sub culturing  of bacteria 

 
Mixed bacterial colonies were developed 

onNAmedium.Toobtainthepurecultures,themorphologicallydifferentcoloniesweresu

bcultured on NA medium and were incubated at 37oC for36 hours. 

 

    Preparation for  of  screening  media 

 
Pectin Screening Agar Media (PSAM)wasusedtotesttheactivityofbacterial isolates. 

PSAM was prepared according to the following 

composition:0.3%(NH4)2HPO4,0.2%KH2PO4,0.3%K2HPO4,0.01%MgSO4,2.5%Ag

arand 

1%Pectin (Beulah et al., 2015) as shown in Table 1 

 
PSAM was boiled to obtain a homogenized solution. The pH of PSAM wasset to 8. 

After that it was autoclaved. Autoclaved PSAM was poured in sterile petri plates 

and left in BSC for 24 hours to observe the contamination. 

 

Table1. Composition of Screening Media 
 

 

Sr.No. 

 

Chemicals 

 

Quantity 

 

1 (NH4)2HPO4 

 

0.3% 

2 KH2PO4 0.2% 

3 K2HPO4 0.3% 

4 MgSO4 0.01% 

5 Agar 2.5% 

6 Pectin 1% 
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SCREENINGOFBACTERIAL STRAINS 

 
Screening of bacterial strains was carried out by spot inoculation of all 

thebacterialisolates on PSAM (Rokade et al., 2015). 

 

Spotinoculation wasinvolved only the touch of bacterialisolates on PSAM. All 

the spot inoculated petri plates were incubated at 37oC for 36 hours in order toob 

serve their pectinase digesting ability. The bacterial strains showing the positive 

pectinase activity were able to develop a colony and formed clearance zones by 

utilizing pectin as a sole source of carbon. Such bacterial strains were picked up as 

positive cultures. 

 

PURIFICATIONANDPRESERVATIONOFCULTURES 

 
Bacterial strains that showed the positive pectinase activity were picked and 

streaked on NA medium and incubated at 37oC for 36 hours. These pure bacterial 

strains were stored at 4oCforfurther use. 

 

MORPHOLOGICALCHARACTERIZATIONOFBACTERIA 

Gram Staining 

 
In order to characterize the bacterial strains used in the study on the basis 

oftheir Gram staining, two drops of distilled water were taken on a glass slide with 

asterileloop.Asmallsampleofbacterialcolonywaspickedandgentlystirredonthe water 

drop and stirred gently. Then smear was allowed to air dry. After thesmear on 

theglass slide was air dried, slide was passed through the flame of Bunsen burner 

three times togetthe smear heat fixed. After the settlement of smear, slide was 

flooded with crystal violet and left for 1 minute. Then it 

waswashedandiodinewasappliedonitandagainleftfor1minute.Afterthatdecolorizer 

was applied for 10 seconds and immediately rinsed with water. At theend safranin 

was flooded for 40 seconds and washed. The slide was left to air dry.The slide was 

observed using a light microscope under oil-immersion. The purplestained colonies 

were Gram positive bacteria while the colonies that appeared pinkwereGram 

negative bacteria. 
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Motility of Bacterial Strains 

 
Lightmicroscopetechniquewasusedinordertoinvestigateaboutthecellshape and 

motility of bacterial cells. Hanging drop technique was used to examinethe motility 

of bacterial cells. Paraffin ring was applied to the glass slide to make acircular 

concavity. A toothpick was used to dab Vaseline around paraffin so thatcover slip 

can get attached on glass slide. A loop of deionized water was added 

onthecoverslipandthenbacterialcolonywasmixedwithwateronthecoverslip.The glass 

slide was inverted over the drop by turning upside down on the cover slipand the 

Vaseline sealed the cover slip over the concavity. This prepared slide 

wasobservedunderlightmicroscope.Theedgesoftheconcavitywerefocusedcarefully. 

 

ENZYME PRODUCTION 
 

InoculumPreparation 
 

Bacteria that gave the positive pectinase activity on PSAM were grown 

inliquidmedium.PectinBroth(PB)wasusedforthepurposeofinoculumpreparation.PBc

ontained2.5%pectinasacarbonsourcedissolvedinsteriledistilledwater. 

3.1.1 PreparationofProductionMedia 
 

Citruspectin,obtainedfromorangepeels,wasusedasamajorsourceofcarbon. 

Production media was prepared according to the following composition:2%NaNO3, 

1%KH2PO4, 0.5% KCl, 0.5% MgSO4and 5% Pectin (Kalaichelvan,2012).Table3.2. 

Pectin was used as a carbon source. All these components were dissolved 

insteriledistilledwaterandboiledtohomogenizethesolution.ThepHoftheproduction 

media was set at 8. Production media was autoclaved and was used 

forfermentation. 

 

     Fermentation 

 
Bacteria obtained from the  inoculums media  were used for fermentation to 
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produce pectinase enzyme. 2ml of inoculum was poured in 250ml of 

productionmedia. Then it was placed in rotatory shaker with a speed of 120rpm at 

37oC for 48hours. 

 

                 Total  Protein  Determination 

 
The total protein content in the crude extract was determined by using Lowry 

assay taking Bovine Serum Albumin (BSA) as standard. 2% sodium 

carbonate(Na2CO3) and2N sodium hydroxide (NaOH) were mixed together to form 

Solution 

A. 1% solution of copper sulphate pentahydrate (CuSO4.5H2O) was prepared 

indistilled water. 1% solution of copper sulphate was called Solution B. Solution 

Ccomprises of 2% sodium potassium tartarate (KNaC4H4O6.4H2O) in distilled 

water.SolutionA,BandCweremixedtogetherinaratioof48:1:1respectivelytoforman 

alkaline solution. 100μL of extraction buffer was added in 100μL of BSA 

andsampleseparately.700μLofalkalinesolutionwasaddedtoalldilutionsofBSAand 

sample to make the total volume up to 900μL. After the addition of 

alkalinesolution, the dilutions of BSA and samples were incubated at room 

temperature for20 minutes. After incubation, 100μL of Folin’s phenol reagent was 

added. Afterfollowing the standard protocol of Lowry assay, the samples were 

subjected to spectrophotometer. 
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Ammonium Sulphate Precipitation 

 
Inordertopurifytheprotein,thefirstprocessthatwasfollowedwasammonium 

sulphate [(NH₄)₂SO₄] precipitation. This technique purified the 

proteininthecrudeextractpartially.Precipitationmakesiteasyforproteintogetconcentrat

ed and partially purified. Serial precipitations were carried out using varying 

amounts of ammonium sulphate from 50% to 90% by a difference of 

10%.Ammonium sulphate was gradually added and gently stirred to get dissolved. 

Thenitwasallowedtostirat4oCfor2hours.Aftertheammoniumsulphatewascompletelyd

issolvedincrudeextract,itwascentrifugedat10000rpmfor15minutes at 4oC (Sethi et 

al.,  2016). The serial fraction that was able to produce more pellets was selected 

for further precipitations. The supernatants and pellets of all ammonium sulphate 

fractions were analyzed by enzyme assay. 

Thefractionwhichcontainedmoreenzymeconcentrationsinpelletsandleastenzymein 

supernatant was selected for further precipitations. In further precipitations, 

thesupernatant was discarded and pellet was dissolved in a phosphate buffer of pH 

5.6.Theconcentration of partially purified protein was determined by Lowry assay. 

 

Dialysis and Concentration 

 
Phosphate buffer containing the dissolved pellet was taken into the 

cellulosedialysis tubing againstdistilled water.Itwas allowed to stir for24 hours. 

Waterwaschangedoccasionally.ThedialysatewasfurtherusedinLowryassayforthe 
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Determination of protein content. 

 
Gel Filtration Chromatography 

 
In order to purify the pectinase enzyme from other proteins present in the 

sample, gel filtration chromatography was carried out. A glass column of 

20cmlength having 1.5cm diameter was used to carry out gel filtration 

chromatography. The length of gel bed was 12cm. 1g Sephadex G-100 was taken 

in 100 ml of sterile distilled water and this mixture was left for overnight. Then it 

was used for packing of column up to 50cm. The packing of gel column was 

followed by phosphate buffer. Settlement of gel was carried out at 2ml/minute. 

After the gel bed was formed, 1 ml of sample was applied to column and sample 

flowed down with passage of time. 35 eluted samples were taken of 1ml each. 

After the samples were collected in the eppen drof  of tubes, they were followed by 

enzyme assay to find out the activity. 

 

 
           Determination of Enzyme  Activity 

 
Dinitrosalicylicacidassay(DNSA)wasusedtoobservetheactivityofpectinase. 

100μL cell free supernatant was incubated with 100μL of substrate. Thesubstrate 

used was 1% citrus pectin. The mixture of supernatant and substrate wasincubated 

at 40oC for 10 minutes. After that 400μL of DNSA was added and boiledfor 15 

minutes. Distilled water was added to dilute the solution up to 5ml.Using the 

spectrophotometer, absorbance was measured at 530nm. 
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RESULTS AND DISCUSSIONS 

 

Pectinases are one of the most essential enzymes that are used widely in textile, 

juice and paper industries. Bacteria and fungi are used to produce pectinases. These 

enzymes degrade pectin which is the most important part of secondary cell wall 

ofplants.Pectinasesarecategorizedintoprotopectinases,esterasesanddepolymerases.T

hisclassificationisbasedontheirwayofdegradingpectinmolecule(Sharma et al.,2012). 

 

Pectinases were produced by submerged state fermentation in which citrus 

peels were used as a carbon source. Bacteria were isolated from the soil 

samples.MorphologicallydifferentcoloniesweresubculturedonNA.Eachisolatewassu

bjected to screening media. Bacterial cultures showing positive pectinase 

activitywere inoculated in the fermentation media. Enzymes produced through 

submerged state fermentation were subjected to different assays. 

 

 
ISOLATIONANDSUBCULTURINGOFBACTERIALSTRAINS 

 
DifferentbacterialstrainswereisolatedinIndustrialandEnvironmentalBiochemistr

yLab,inUniversityInstituteofBiochemistryandBiotechnology(UIBB), PMAS-

AridAgriculture University Rawalpindi.Tenfold serialdilutionsof soil samples were 

prepared. Bacteria were picked from the homogenized soilsample with a sterile 

cooled loop and streaked on NA medium. Petri plates 

wereplacedinincubatorat37oCfor36hours.After36hours,culturesofdifferent 
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bacterialstrainsweregrownonNAmedium.Morphologicallydifferentbacterialstrainsw

eresubculturedon NAmedium to obtain the purecultures. 

Figure 1. Subculturing 
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         SCREENINGOFBACTERIALSTRAINS 

 
PSAMwasusedtoinvestigatetheactivityofbacterialisolates.Spotinoculation was 

carried out for this purpose. Bacterial strains that were able toproduce pectinase 

enzyme utilized the pectin as a sole carbon source and formed aclearance zone 

around their colonies. Clearance zone was observed by flooding thescreening plates 

with iodine-potassium iodide solution. Clearance zones of average2.06cmwere 

formed on thescreeningmedia. 

Figure 2:Clearancezoneformed byBacterial Colony 

 

MORPHOLOGICALIDENTIFICATIONOFBACTERIALSTRAINS 

Gram Staining 

 
Few drops of deionized water were placed on glass slide and smear of 

bacterialcolony was formed on it. Then it was left in air to get dry. After settlement 

of thesmear,crystalvioletwasfloodedfor1minuteandwashedwithdeionizedwater. 
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Then iodine was added and washed again. Decolorizer was added for 10 seconds. 

At the end safranin was flooded for 40 seconds and washed and air dried. Gram 

positive strains were observed under microscope. 

 

Motility of  Bacterial Strains 

 
Hanging drop method was used to examine the motility of bacterial cells 

underthe light microscope. Bacterial colony was added on a cover slip having water 

dropon it.Glass slide containing paraffin was inverted over the drop of water 

havingbacterialcolony.Itwasobservedunderlightmicroscope.Bacterialcellswereobser

ved moving around the concavity of the paraffin. 

Figure 3. Gram positive strains 
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ENZYMEPRODUCTION 

Inoculum Preparation 

 
Bacterial isolates were grown in the liquid media containing pectin as a 

carbonsource,placedinincubatorat37oCfor36hours.Bacterialcolonieswereobtainedin 

PB after 36 hours and were used in the production media for the preparation 

ofpectinaseenzyme. 

 

Fermentation 

 
2ml of inoculums was pouredin250mlofproductionmediatoproducepectinase 

enzyme. It was placed in rotatory shaker with 120rpm at 37oC for 48hours. After 48 

hours, the fermented culture was centrifuged at 6000rpm for 10minutes. The 

bacterial cells were pellet down while the supernatant was taken as crude extract. 

 

Enzyme Purification 

  
Thepurificationprocessofenzymewasperformedusingthe(NH₄)₂SO₄precipitation 

technique following the cellulose tubing dialysis and gel filtration chromatography. 

 

Ammonium Sulphate Precipitation 

 
Ammonium sulphate precipitation was used to partially purify the 

enzymes.Differentconcentrationsof(NH₄)₂SO₄,rangingfrom60%-

90%,weredissolvedin crude enzyme. The solution of crude enzyme and ammonium 

sulphate was takenin to the cellulose dialysis membrane and allowed to stir and 

kept for 24 hours at4oC. After 24 hours the solution was centrifuged at 10000rpm 

for 15 minutes. Thepellet was dissolved in sodium phosphate buffer and Lowry 

assay was applied 

toexaminetheconcentrationofprotein.Thepercentageofammoniumsulphateshowingth

e maximum activitywas furtherused to partiallypurifytheprotein. 
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Table 1.Ammonium sulphate precipitation  
 
 

Sample Absorbance Proteinconc. 

(mg/ml) 

Activity(Units) 

60% 1.984 0.455 18.51 

70% 1.826 0.418 17.97 

80% 1.1339 0.257 9.59 

90% 1.0729 0.243 9.13 

 

 

 

           Gel Filtration Chromatography 

 
Gel filtration chromatography was carried out using Sephadex G-100 as gel. 

The length of column was 20cm having diameter of 1.5cm. The length of gel bed 

was 12cm. 1ml of protein sample obtained after dialysis was run in the gel bed 

and35elutedsamplesweretakenintheeppendroftubes.Lowry’sassayandDNSassaywas

carriedout to observe the total protein and activity respectively. 

 

Table 2. Fractions of protein obtained by Column Chromatography 
 

 
Fractions 

 
OD 

Concentrationof

protein(μg/ml) 

 
Activity(Units) 

 

1 
0.3667 79.093 3.12 

2 
0.4437 97 4.44 

3 
0.36 77.535 2.76 

4 
0.5208 114.930 6.25 

5 
0.5487 121.418 6.79 

6 
0.3321 71.046 2.47 

7 
0.3264 69.72 2.13 
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8 
0.3662 78.976 3.32 

9 
0.294 62.186 1.06 

10 
0.5047 111.186 3.73 

11 
0.3422 73.395 2.99 

12 
0.4212 91.767 2.47 

13 
0.8063 181.325 9.94 

14 
0.8045 180.906 9.88 

15 
0.7807 175.372 9.27 

16 
0.881 198.697 11.84 

17 
0.883 199.162 12.03 

18 
0.3486 74.883 3.25 

19 
0.2222 45.488 3.07 

20 
0.4293 93.651 4.93 

21 
0.2552 53.162 2.87 

22 
0.2752 57.814 3.09 

23 
0.3298 70.512 3.63 

24 
0.2714 56.930 2.96 

25 
0.3664 79.023 3.93 

26 
0.2847 60.023 2.09 

27 
0.2986 63.256 2.89 
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28 
0.2777 58.395 1.14 

29 
0.272 57.069 2.98 

30 
0.2349 48.441 2.65 

31 
0.2162 44.093 1.04 

32 
0.2291 47.095 2.29 

33 
0.2482 51.534 1.89 

34 
0.2525 52.535 1.93 

35 
0.2184 44.605 2.08 

 

Maximum protein concentrations were observed in the elutions from 13 to 

17.Whilemaximum activity was observed in the elutions 16 and 17. 

 

           Standard  Curve 

 
Lowry assay was performed and standard curve was made by using the varying 

concentrations of standard. The regression equation, y = 0.0023x + 

0.012wasinsertedbyusingMicrosoftExcel.Theconcentrationofgalacturonicacid,inμg/

ml,was taken as‘ y’while‘ x’was O Dat 680nm. 

 

Lowry’s assay was performed to examine the concentrations of protein in 

crudeextract,ammoniumsulphatesolutionandprecipitatesofammoniumsulphatesoluti

on dissolved in buffer. The concentration of protein in crude extract is moredue to 

the presence of more than one protein. The concentration of protein in crudeextract 

obtained was 545.335μg/ml. When the ammonium sulphate solution 

wascentrifuged,theproteinswerepelletdown.Theconcentrationofproteinswasdecrease

d when it was pellet down from ammonium sulphate solution. The pellet was 

dissolved in sodium phosphate buffer. 
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The Lowry assay of dialyzed protein was performed and graph in Fig ( 4 ) was 

obtained. The concentration of protein obtained was 203μg/ml. As the crudeextract 

was treated with ammonium sulphate followed by dialysis, which resultedin the 

release of small sized proteins from the cellulose dialysis tubing, 

therefore,proteinleftinthedialysatewaspectinaseonly,hencedecreasingtheproteinconc

entration. The protein concentration for crude extract, partially purified sample and 

pellet protein were recorded through standard curve shown in Figure 4. 

 

 

 
 
 

 
 
 

 

 
 
 
 

 
Figure  4.Standard Curve 

 
 

 
 

 

 
 
 
 

 
 

 
 

 

 
Figure 5.Standard curve 
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Table 3. Concentrations of sample estimated by Lowry’sAssay. 
 
 

Sample Absorbance Conc.(μg/ml) 

CrudeExtract 2.3715 545.335 

Partiallypurified protein 1.588 363.162 

 

 

 

Table 4. Purification table 

 

 

 
Sample 

Volume

(ml) 

 

TotalP

rotein 

(mg) 

 

Activity

(Units) 

 

Specific

Activity(u

nits/mg) 

 

Purification

Fold 

 

% 

Yield 

 

Crude Extract 
25 0.545 

 

20.97 
 

38.48 
 

(1) 
 

(100) 

Ammonium

SulphatePre

cipitation 

(60%) 

 

 
10 

 

 
0.363 

 
 

18.51 

 
 

50.9 

 
 

1.32 

 
 

88 

 

Dialysis 
5 0.203 

 

17.57 
 

86.55 
 

2.2 
 

84 

Column  

Chromatography 

 

1 
 

0.099 
 

12.03 

 
121.52 

 
3.2 

 
57 

 

The activity of pectinase,12.03 units, was compared with the results of Kashyap 

et al. (2000) who observed maximum activity of 53 units. This difference is due to 

the small inoculation size and less volume of protein taken for the 

columnchromatography.Theconcentrationofprotein,obtainedaftergelfiltrationchrom

atography,observed was 0.099 mg/ml.
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ABSTRAT     

Second generation bio fuels are considered as   climate-friendly fuels a compared to fossil 

fuels.   Biobutanol  is a alcohol  ( C4H10 O) is a clear, colorless liquid. It  may be  produced 

from starch- or sugar-based  material  like corn grain , sugar cane or from  other similar 
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cellulosic feed stocks. 

Biofuel can play a great role in Pakistan because country is oil dependent.  Second generation 

cellulosic biofuels offers a solution to reduce carbon emissions of traffic   as well as 

generation of energy for  domestic and commercial uses. A study was conducted to develop a 

approach  for the management of  agriculture as well as  other  organic wastes  utilization   

for  production of alcoholic fuels like  bioethanol and  biobutanol.  Therefore   cellulosic 

materials  like  wheat ,  cotton and rice  straws,    corn stover , fruit wastes and cogon grass 

were used in this study Biological and chemical pretreatments were compared for each 

substrates. Efficiency of bacterial  enzymes for saccharification of agricultural substrates was 

evaluated. It is concluded that these bacterial enzymes have the potential to hydrolyze not 

only pure substrates but can also degrade agricultural wastes. It is expected that outcome  of 

this study  will help to increase production of  biofuels and to reduce burden of  foreigner 

exchange that is currently being utilize  to import  fossil fuel from other countries.   

Key words;   Fossil fuels,  Bioethanol, Biomass, Green house gases, Climatic changes 

 

 

 

 

Introduction  

 

Exploration of sources for alternate energy have been increasedbecause of increasing 

concerns about energy security and climate change. The transportation sector plays a 

significant role for emission of greenhouse gases due to uses of fossil fuels, However, 

replacement of oil derived fuels such as ethanol could reduce environmental impacts 

and give advantages on social as well as economical levels (Humbird et al,2011). 

Various alternatives to generate sustainable biofuels are being investigated. Biological 

energy resources arelike  bioelectricity, biogases, biodiesel and bioalcohols. Among 

these sources, bioalcohol shows a great potential to reduce the emission of greenhouse 

gases, decrease the dependence on fossil fuel and act as a chemical feedstock and fuel 

for transport  (Dhamole et al., 2015).The production of bioethanol has been improved 

extremely because many countries are trying to reduce the import of oil, improving 

the quality of air and growing rural economics. The global ethanol production is 

51,000 million liters(Renewable Fuels Association, 2007). Ethyl alcohol has some 

advantages as a fuel as it has higher oxygen contents. The higher oxygen level permits 

improved oxidation of hydrocarbons with successive reduction in aromatic 

compounds and carbon monoxide emission. Ethanol has greater octane rating 
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properties (Thomas and Kwong, 2001). 

Biomass is a vital energy resource in Pakistan because ofagricultural based 

country. The biomass produced in livestock and agriculture sector in the form of 

animal waste and crop remaining as sugarcane bagasse and rice husk (Amiri et al. 

2014;  Chaudhry et al., 2009). Second generation biomass is mainly composed of 

lignocellulosic material. Lignocellulosic biomass is more plentiful organic substance 

on earth and consists of cellulose (35-50%), hemicellulose (20-35%) and lignin (5-

30%)(Huber et al., 2006).Various renewable energy resources include different 

agricultural substances like green leaves, fruit shells, straws, nut shells and fruit seeds 

(Demirbas, 2001). Most commonly used feedstocks are wheat straw, wheat bran, corn 

stover, corn steep liquor and apple pomace (Ejeziet al., 2006).Now a day, agricultural 

waste is used for the production of biofuels like biodiesel, bioethanol, biohydrogen 

and methane as compared to energy crops because they have competition with food 

crops. As huge amount of agrowaste is available and have discarding problem so, 

alternate option is the utilization of lignocellulosic biomass in order to reduce the 

competition between fuel and food (Mahro and Timm, 2007). The grasses are 

considered as reliable substance for extraction of ethanol. The utilization of perennial 

grasses is advantageous and possibly it further decreases the cost for the production of 

ethanol and its use as fuel (Gomez et al., 2008).  

The Cogon grass (Imperatacylindrica) can be grown all over the 

yearworldwide, particularly in subtropical as well as tropical countries. Cogon grass 

has been exploited to rise the soil stability and as fodder, it is recognized as worst 

weed and it is known as pest by almost 73 countries in all over 35 crops. The roots of 

cogon grass have secondary metabolites which have medical importance. It is known 

as perennial grass and could be cultivated in any soil which usually considered as 

unfit for production of crops. The cogon grass could be utilized as a raw material for 

renewable source of energy (Lin and Lee, 2011).The Cynodondactylon (Coastal 

Bermuda grass) is perennial grass that has the higher cellulosic content and can also 

be used for ethanol production. The excellent raw material for yield of ethanol is 

coastal Bermuda grass as it is either sold at a very cheap price or is wasted in most of 

the cases. Comparison of corn and Bermuda grass has shown that most potential 

source for production of ethanol is Bermuda grass because of higher contents of 
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biomass and conversion of whole carbohydrates into bioethanol. Bermuda grass is 

predominantly present in tropical and subtropical part of the world. It reaches 1-30 cm 

in height and have deep roots up to 2m into the ground, however various roots 

penetrated less than 60 cm under-ground ( Sun and  Cheng, 2005).Even though some 

species of Bermuda grass can grow up to 15-20 cm, others may reach a height of 

greater than 1m long. Bermuda grass can naturally grow in many continents such as 

North Africa, southern Europe, Asia and Australia (Sluiteret al., 2008). 

In the present study various agrowaste samples such as wheat, cotton  and  rice 

straws as well as  corn stover, cogon grass and peels of fruit wastes  were selected as  

these are main organic   wastes in  Pakistan. Other than wheat and rice the third vital 

cereal is corn. Its production is 4.695 million tons annually and grown in 1130 

thousand hector. The second major crop is cotton and it is cultivated annually. The 

third important crop is rice and it is cultivated at 2891 thousand hector and it is 

produced 7005 thousand tons annually (PES, 2014-15).  Various studies reported that 

2.7 million tons waste such as rice straw, rice husk, canola straw, wheat straw, cotton 

stalks, cotton bagasse and sugarcane remains are cultivated in Sanghar which is 

known as agricultural area in Sindh region of Pakistan. Almost 75-85 percent of these 

feedstocks are not utilized are burnt away. So, these materials could be used for 

production of energy and having no effect on food or other domestic resources 

(UNEP, 2011).Maize (Zea mays) is the best of the cereal stovers and very abundant 

livestock feed. It can be grazed off otherwise, it is mostly burned in fields in many 

areas of Pakistan before next crop to sow and all parts of maize are usable for 

different purposes (Kim and Dale, 2004). Termite  gut  has one of the highest  

microbe densities  on earth. Termites depend on the microbes in their gut or digestive 

tract to digest  the complex sugars in wood into simpler molecules . Cellulose is a 

major sugar in wood , it is broken down by bacteria available in gut of termite and 

finally converted into various products including  fatty acids and alcohol like ethanol 

etc.( Kim and Haltzapple.2005).Clostridium ,genus of rod shaped gram positive 

bacteria member of which found in soil, water and intestinal tract. Clostridium 

acetobutylicum ferments sugar to a mixture of organic solvents like acetone , butanol 

and ethanol.Saccharomyces cerevisiae ( known as baker s years)  single celled 

eukaryotes which is frequently used  in fermentation process for production ethanol 

and other alcoholic products.  
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MATERIAL AND METHODS 

Collection of Agricultural Substrates 

Various  samples of  wheat and rice   straws as well as, peel wastes  were collected 

from  various areas  .   About 1 Kg samples of each samples were collected in fine plastic 

bags.  The samples were shad followed by sun  and oven dried for overnight at 55 °C. The 

samples were converted into fine powder form  by electric grinder and passed through 40 

mesh standard size sieve.  The powder form of samples were saved in fine plastic bags duly 

labeled with the name and were stored in refrigerator at 4°C    till further uses.  

Proximate Analysis of Samples 

All  samples were analyzed for ash contents, volatile matter, crude protein, crude 

fiber, crude fat and wet as well as dry weight (AOAC,1990).  The standard methods were 

used for the estimation of total solids and moisture contents by drying at 105 ºC to remove 

moisture from the samples (Sluiter, 2005). 

Chemical  analysis of raw biomass 

The cellulose content of   sample was  estimated by using    reported method. The 

hemicellulose  was determined by computing ADF (Acid Detergent Fiber) and NDF (Neutral 

Detergent Fiber) differences .The lignin contents were determined by  standard  method as 

reported  by  AOAC (1990).   

 

Analytical procedures  

The fermentation products like monomer  sugars ( hexoses and pentoses ) acetone-  butanol 

and  ethanol as well as   their bio products  were determined by using reported  method  

(Haifeng  et al., 2015). 

 

 

 

 

 

Chemical Pretreatment  
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For chemical pretreatment two chemicals were used such as acid (H2SO4) and alkali (NaOH). 

Pretreatment experiment was performed by using H2SO4 and NaOH (1.0, 1.5 and 2%) at 

diverse temperatures such as 100 °C , 110 °C and 120 °C for different  times durations  (15, 

30, and 45 minutes). Solid sample ( 10 %)  (w/v) in reagent bottle was utilized during 

experiment. After pretreatment, the vacuum filtration assembly was used for filtration of 

sample in each bottle and the contents were emptied on filter paper. After  filtration, the solid  

washed  away with 300 ml distilled water in order to neutralize the pH.  The filter paper was 

than dried at 105 °C and weighed. 

 

 

 

 

 

 

 
 Figure 1. Biomass  

 

Enzymatic Hydrolysis 

 

The biomass after pretreatment 5% (w/v) was hydrolyzed with cellulose and β-glucosidases 

at 50 °C and 160 rpm for 72 hours in a water bath shaker with 0.05 M buffer (sodium citrate)  

at 4.8 pH. Cellulases having activity of (30FPU g-1). The samples were withdrawn from 

reagent bottle after every 12 hours to determine the concentration of sugar. After enzymatic 

hydrolysis, H2SO4 (µl) was added. Un-hydrolyzed sample was separated by centrifuging for 

10 minutes  at 13,500g. Supernatant was collected by means of syringe filters for sugar 

analysis by dinitrosalicylic acid (DNS) method .The amount of sugar was analyzed by p-

hydroxybenzoic acid hydrazide (PAHBAH) method. By using the concentration 1Mm-25mM 

of xylose the standard curve was drawn. Then by comparing the standard sugar 

concentration, the amount of sugar in pretreated sample was determined. The best 
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pretreatment condition was selected after enzymatic hydrolysis process. The sample 

containing higher amount of released sugar was further selected for fermentation process. 

The solid biomass was stored at 4 °C which was then  used for fermentation process . 

 

 

 

Saccharomyces cerevisiae strain was maintained on YPD (yeast extract 1% (w/v),  peptone 

2% (w/v) and glucose 2% (w/v)] agar medium at 4°C. Culturing  of yeast cells was carried 

out in a 5-mL tube of YPD medium containing NaCl 0.9% (w/v) at 30°C for 16 h on a rotary 

shaker (100 r.p.m.) according to (Alfenoro, 2002) 

Separate Hydrolysis and Fermentation 

Fermentation experiment was carried out by using C. thermocellumgrown in glucose yeast 

extract broth medium for 48 hours and 10% inoculum was inoculated into 50 mL 

fermentation medium containing previously saccharified solution and kept for 3 days at room 

temperature (Jiang et al., 2015).Fermentation experiment was performed at 50⁰C and 120 

rpm for 72 hours under anaerobic conditions. After completion of fermentation reaction, the 

obtained mixture contains methanol, butanol, ethanol and acetone were removed by fractional 

distillation process in a fractional distillation apparatus on the basis of boiling point. As 

butanol has higher boiling point (118 ⁰C) than water (100 ⁰C) Butanol can be condensed then 

separated. The boiling point of ethanol is lower (78.3 ⁰C) in comparison with water that’s 

why it can be condensed earlier than water (Kathleem et al., 2018). 

HPLC Analysis of Enzymatic Hydrolysate 

The fermentation products like monomer sugars (hexoses and pentoses) acetone- butanoland 

ethanol as well as  others  bio products  were  determined by using method  reported  by  

Haifeng  et al. (2015).  

The enzymatically hydrolyzed samples of acidic and alkaline pretreatment of wheat and rice 

straws as well as corn stover were further analyzed by HPLC. For this purpose, the samples 

those have shown higher amount of glucose at optimized conditions were used for analysis. 

The samples those were withdrawn at different time periods during enzymatic hydrolysis, 

then these were centrifuged at 14,000 rpm, at 4 ⁰C for 15 minutes. Supernatant was separated 
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and then filtered by using 0.22 μm syringe filter. An aliquot of the sample (500 μl) was 

diluted with 1ml methanol to bring the concentrations of the samples within the range of 

calibration curve. Methanol was used due to the solubility of the sugars. All the samples and 

standard solution of glucose was passed through the 0.22 μm filter prior to analysis. About 20 

μl of agrowaste sample was injected through injection loop into HPLC system.  In order to 
analyze the glucose, enzymatically hydrolyzed  samples were run in the gradient mode for 10 

minutes ( Shields and  Cathcart.2010). 

 

Statistical analysis 

Data generated through various analysis were statically analyzed for mean, standard deviation 

etc.,  

 

Results and Discussion 

Results regarding  isolation of bacteria , chemical  analysis of biomass samples  as well as 
fermentation of sugars into  acetone-  butanol- ethanol  are given in  the  following 

sections.Termites  are considered as good source of various useful bacteria isolates   those 

have industrial applications . These isolates  are found to have good potential for  conversion 

of  various sugars into alcoholic products . Therefore in current study acetone- butanol -  

ethanol  ( ABE ) were produced   from  organic wastes  material of  agriculture and municipal 

sources by using termite based bacterial isolates     (Figures 2-3 ). It was reported in literature 

that scientists have discovered more  than1000   possible enzymes that break down wood, 

those are available in bacteria located in termite gut  These  cellulose digesting proteins could 

be efficient source for production cheaper alcoholic fuels. 

 

 
 

 

 

Biological Pretreatment  

Results displayed in table 3 indicates amount of sugar released by different bacteria 

isolates. It was observed that bacterial isolates 9x (xylanase enzyme )has provided higher 

amount of sugar (27.84+0.48mM/l )  from wheat straw ( Table 3), which was higher than all 

other substrates analyzed. 
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Table1.Chemical pretreatment of biomass samples  with different concentrations (%) of 

NaOH and H2SO4,to  release of sugars  ( %). 

Substrates Chemicals 

 H2SO4 concentration NaOH concentration 

 1% 2% 3% 1% 2% 3% 

Wheat straw  15.38+

1.24 

19.74+1.

25 

6.38+0.

86 

14.71      

+0.46 

15.95+0.08 16.85+0.15 

Corn stover 14.57+

0.18 

13.73+1.

12 

4.27+0.

81 

13.69+0.

46 

13.65+0.08 13.82+0.14 

Cotton stalk 1.53+0

.04 

1.35+0.0

5 

0.28+0.

02 

0.86+0.0

6 

0.87+0.11 0.97  

+0.01 

 

Rice straw 16.85+

0.15 

15.38+0.

17 

3.44+0.

15 

15.07+0.

17 

14.32+0.28 13.39+0.59 

Pretreatment of biomass samples 

 

 

END PRODUCT ANALYSIS  

Simultaneous Sccharification and Fermentation  

It was observed that  there are variation for  growth of different  isolates on 

differentsubstrates  that might be due to availability  of amount sugars and other similar 

byproducts  
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Figure 5 ab ;End product analysis of isolate 31 (a) Corn stover (b) wheatstraw. 

 

 

 

Table 5.  Various  fermentation products (mM/l) obtained from biomass samples 

 

Bacterial Corn stover Wheat  straw 
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Various Fermentation products 

Biomass analysis 

Data in table 6 represents   various parameter found in  biomass samples. Whereas 

ligno-cellulosic contents of the samples   are given in table 7. It was observed that Cogon 

grass has higher cellulosic contents as compared to other substrates used for analysis.  

Table 6;  Proximate analysis  ( %)  of biomass samples 

Substrate   Dry Matter  Moisture   Crude Protein  Crude Ash   Crude  Fiber 

Peel(wastes) 92.41±0.48 7.53±0.34 7.93 ±0.23 5.91± 0.45 33.87±0.33 

Cogon grass 93.11±0.27 6.89±0.26 5.12 ±0.21 9.18±0.34 35.41±0.42 

 Analysis of organic wastes samples  

 

Table 7.  Chemical analysis  (% )of  biomass samples 

Substrate NDF  ADF Hemicellulose Cellulose Lignin 

Peel(Fruit 

wastes ) 

79.6±0.51 52.1±0.31 26.3±0.34 29.6±0.67 21.5±0.43 

Cogon grass 82.06±0.72 48.41±0.42 29.6±0.52 34.2±0.83 15.32±0.25 

Mean ± standard deviation (n=3) NDF = Neutral Detergent Fiber and ADF=Acid Detergent Fiber 

 

Table 8;   Recovery of solid mass (% )  due to  treatment with  Acid   under  various 

conditions. 

Isolates Acetate Formate Lactate Ethanol Acetate Formate Lactate Ethanol 

Isolate 

9x 

1.15+0.06 _ 1.41+0.18 5.73+0.28 3.04+0.65 _ 1.65+0.79 3.34+0.41 

Isolate 

10 

1.28+0.14 _ 3.44+0.34 6.98+0.58 1.55+0.28 1.24+0.17 6.14+0.55 5.99+0.26 

Isolate 

31 

1.29+0.34 1.98+0.39 8.57+0.59 9.21+0.54 1.72+0.07 1.63+0.28 3.58      

+0.26 

6.43+0.49 
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Pretreatment conditions. Total solid recovery (g/100g dry biomass) 

Time 

(min.) 

 

H2SO4Concentration  Peel (  wastes) Cogon grass  

15 1.0 63.52±0.20 76.86±0.61 

1.5 62.02±0.13 74.24±0.43 

2.0 57.11±0.34 70.33±0.25 

30 1.0 56.61±0.43 68.86±0.48 

1.5 56.07±0.22 67.10±0.35 

2.0 52.37±0.20 64.76±0.24 

45 1.0 53.07±0.32 64.62±0.42 

1.5 52.11±0.51 64.02±0.36 

2.0 51.23±0.44 63.50±0.56 

Dilute H2SO4 pretreatment 

The samples of the various biomass  were pretreated with dilute  acid  1, 1.5 and 2% 

concentration,  an autoclave at  temperature of 105, 120 and 135oC for the  period of 15, 30 

and 45 minutes. The temperature  120 °C is considered best for both the samples while the 

retention time of 15 minutes  was suitable   for  peel wastes and 30 minutes for cogon grass at 

the concentration of 1.5% and 1% respectively, these are the optimized conditions that was 

used for enzymatic experiment ( Figures 6-7). 

 
 

 

Fermentation 

Cogon grass produces 10% of ethanol where as Peel wastes  produces 7.4% of 

ethanol.as shown in Table 9. As the time period increases, glucose concentration was reduced  

but ethanol concentration was enhanced but up to certain time limit. However,  after 72 hours 

glucose concentration was not sufficient  to  maintain the  ethanol production. Higher 
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cellulosic   but  lower  lignin contents of cogon  grass was compared to  Peel wastes and  it 

was found  that these contents   make  cogon  grass a better candidate for ethanol production. 

Table 9.  Ethanol production from  Cogon grass and peel wastes samples 

Sample Ethanol Production (% v/w) 

Cogon Grass 10.5 

Peel wastes  7.4 

 

 

Table 10;  Sugars and other products (%)  obtained from grasses 

Substrate Glucose  Xylose  Lignin  Dry 

matter  

Moisture  Ash  

 Cogon  

grass 
 

32.36. 

±1.14 

18.85 

±1.18 

6.93 

±0.44 

90.33 

±1.85 

9.67 

±0.54 

5.77 

±0.46 

 

Peal 

wastes 

 

27.32. 

±2.15 

15.37 

±1.13 

4.75 

±0.54 

92.46 

±1.24 

8.56 

±0.55 

4.89 

±0.58 

 

% age values of various parameters of  biomass samples. 

 

Dilute sulfuric acid pretreatment of Peel wastes  

Glucose content in peel  waste was 27.33±2.15% (Table 10). There was  increased in 

the glucose content after treatment  (Figures 10 -11)  The solid fraction of samples  has given 

larger quantity of glucose when it was  treated with dilute acid concentration  ( 1.8 % ) for   

30 minutes and   the temperature  of reaction was maintained at 110 °C.  It proved that 

moderate temperature and acid concentration play  key role to enhance the glucose contents 

during pretreatment. Similar finding on acid hydrolysis of orange peel at low temperature has 

been reported by Talo et al. (2014). 

Percentage decrease in xylose content in solid fraction of  peel wastes  after 

H2SO4Pretreatment 

In  peel wastes  xylose content was 15.37%±1.13   (Table 10) and after pretreatment   

decrease in xylose content was observed. An acid concentration of 1.10% and incubation 

temperature of 110 °C for 30 minutes was found optimum to achieve minimum xylose in the 
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solid fraction (Figure 11).With dilute  acid pretreatment 100% removal of hemicellulose is 

possible (Sun and Cheng, 2005). Wyman et al. (2005) has also reported that maximum xylose 

solublization occurs at moderate temperature.  

Percentage increase in lignin content in solid fraction  after H2SO4pretreatment 

Contour plot (Figure 10 and 11) also indicates that optimum acid dose of 2.0% for 37 

minutes at 125 °C is  enough to get minimum lignin in solid fraction. Although the reaction 

has shown    apparently 7.32% increases in lignin content but values   in real sense  was in  

decreasing order . The apparent increase in lignin content was due to huge removal of xylose 

after H2SO4 pretreatment. If the temperature is kept constant, then the solublization of lignin 

becomes higher  with  elevating  reaction time to ascertain maximum value. 

 

Figure 10; Contour plot for glucose content in  relation to acid concentration and 

reaction time  

 

Figure 11; Contour plot for glucose content in  relation to acid concentration and 

temerature 

 Table 11;  Maximum Sugar yields after enzymatic hydrolysis of substrates  at pH 4.8, 

50 °C, 120  rpm. 
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Substrate GlucoseSF 

(2.5g/50mL) 

GlucoseSF 

(50g/L) 

Glucose(g/L) Ratesac 

(%) 

TimeOPT(hours) 

Cogon grass 1.10 22.00 17.72 80.54 72 

Peal wastes 0.98 18.5 14.7 78.35 72 

* SF = Solid fraction  Y = Yield   Sac = saccharification Opt = optimum 

The reason behind higher saccharification (80.54%) was achieved as  there was no 

accumulation of sugar like cellobiose occurred  although    cellobiose was available  in 

reaction mixture. Xue et al. (2012) has also pointed out that the performance of celllases 

was actually enhanced (due to absence of cellubioses), and the results in higher sugar 

recovery after enzymatic hydrolysis. 

Table 12 .Chemical analysis of various crops samples  

Parameters Cotton stalks  Corn stove 

Moisture  contents 6.5 7.0 

Volatile Matter 77.0 75.0 

Fixed Carbon 9.5 19.5 

Ash contents 8.7 6.0 

 Crude Fiber  31.0 32.0 

Ether extract 1.8 2.5 

Crude Protein 4.2 3.8 

Cellulose 34.5 33.6 

Hemicellulose 29.5 32.5 

Lignin  14.8 18.5 

Various parameters of bioma 
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Figure 12.  Agrowaste samples (wheat straw, rice straw and corn stover) after pretreatment 

 

 

 Figure 13.Enzymatic Hydrolysate of wheat straw, rice straw and corn stover 

 

 

Analysis of Sugar after Pretreatment and Enzymatic Hydrolysis 

In this study three different substrates i.e. corn stover, wheat straw and rice straw 

were used for sugar production by enzymatic hydrolysis in 500 mL Erlenmyer flask at 50 

°C for three days. For sugar production, pretreatment process of lignocellulose is necessary to 

break down lignin and it increases the accessibility of enzymes and microbes to 

carbohydrates( Figures 12-13). Two types of pretreatment methods have been applied on 

these substrates. In physical pretreatment these substrates were first groundto fine powder 

and passed through 80 mesh size sieve to reduce the size of particles. Then these substrates 

were subjected to chemical pretreatment. In order to interrupt the structure of lignocellulosic 
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biomass, acidic and basic pretreatment (Chemical pretreatment) conditions were applied ( 

Table 12). 

Dilute Acid Pretreatment 

Different concentrations of sulphuric acid H2SO4 were used for pretreatment of 

agricultural waste samples. The samples were pretreated at a solid loading of 20% (w/v) 

slurry and heated at a temperature of 100, 110 and 120 ⁰C in an autoclave. The reaction was 

performed at a retention time of 10, 15 and 20 minutes and at three different concentrations 

of sulphuric acid i.e. 0.5, 1 and 1.5%. At each temperature, substrate was pretreated with 

three different concentrations of sulphuric acid.  A sample was pretreatedtriplicate  at same  

temperature and reaction time.   Total 9 treatments of three samples were pretreated at a time 

in 100ml reagent bottles. Total 9 experiments were done (9 × 9 = 81) so,  81 treatments of 

three samples were performed at 3 different temperatures to check the suitable condition for 

acidic pretreatment ( Figure 12). 

Dilute Alkali Pretreatment 

Dilute alkali was used for pretreatment of agrowaste samples. Different 

concentrations of sodium hydroxide (NaOH) were used at different temperature and different 

retention time to optimize the condition which may  give maximum yield of glucose. The 

samples were pretreated at a solid loading of 20% w/v slurry and heated at 100, 110 and 120 

⁰C in autoclave for 10, 15 and 20 minutes of reaction time. For pretreating the sample 

ofdifferent concentrations of sodium hydroxide 0.5%, 1% and 1.5% were used. Total 9 

experiments were done (9 × 9 = 81) , therefore  total 81 treatments of three samples were 

performed at 3 different temperatures to check the suitable condition for basic pretreatment. 

Spectrophotometric analysis and Comparison of sugar production in three agrowaste 

samples 

Better glucose yields were obtained from wheat straw in all 9 experiments after 72 

hours of enzymatic hydrolysis.  It was observed during experiment  that by increasing the 

concentration of H2SO4 from 0.5 to 1.5% the amount of sugar was also increased. In all 

experiments, higher yield of glucose  was also recorded at a retention time of 20 minutes 

rather than 10 and 15 minutes.   For acidic pretreatment conditions of wheat straw, the 

conditions were optimized at 120 ⁰C, 20 minutes of retention time with 1.5% of sulphuric 

acid (Figure 14). At this concentration, glucose concentration was at peak. During alkali 

pretreatment conditions, the glucose yield was increased by increasing the temperature and 

higher  yield was recorded at 120 ⁰C.  Meanwhile at similar  temperature high yield  of 
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glucose was recorded  when  1.5 % concentration of NaOH was used ( Figure 16 )  . By 

increasing the time of enzymatic hydrolysis from 0 to 48 hours sugar yield was increased but 

when the time is increased further to 72 hours sugar concentration was chopped.The decrease 

in glucose concentration was probably due to production  ofinhibitors by higher acid 

concentrations. Maximum reducing sugars (7.73 g/L) were obtained at  120⁰C , when  1% 

NaOH concentration and reaction time of 15 minutes were used . 

Rice straw has  shown higher glucose yieldin acidic pretreatment conditions at  110 

⁰C, acid concentration  (1.5% ) and retention time 10 minutes was used  ( Figure 15 ).The 

optimum condition used for  rice straw analysis in case of alkaline pretreatment, temperature  

(100 ⁰C ), sodium hydroxide concentration (0.5%  ) and retention time  ( 20 minutes) . Higher 

yield was obtained after 72hours  of enzymatic hydrolysis ( Figure 17). 

 During acidic pretreatment high yield of glucose was obtained at a temperature( 

120⁰C ), H2SO4 concentration ( 1.5% )and reaction time of 15 minutes (Figures 13-14). The 

optimum condition for corn stover at alkaline pretreatment condition  was temperature 100 

⁰C, concentration of sodium hydroxide   (1.5% ) and retention time applied was  20 minutes 

(Figure 18).  

 

Figure 14. Glucose yield obtained from Wheat straw at H2SO4 pretreatment conditions 

at 120⁰C 
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Figure  15. High glucose yield obtained from Rice straw at H2SO4 pretreatment 

conditions at 110 ⁰C 

 

 

 

 Figure 16. High glucose yield obtained from Wheat straw  byNaOH pretreatment 

conditions at 120 ⁰C 

0

1

2

3

4

5

6

0.50% 1% 1.50% 0.50% 1% 1.50% 0.50% 1% 1.50%

G
lu

co
se

 c
o

n
ce

n
tr

a
ti

o
n

 g
/l

Concentration of (%) Dilute H₂So₄

0h

24h

48h

72h

0

1

2

3

4

5

6

0.50% 1% 1.50% 0.50% 1% 1.50% 0.50% 1% 1.50%

G
lu

c
o
se

 c
o
n

c
e
n

tr
a
ti

o
n

 g
/l

Concentration of (%) Dilute NaOH

0h

24h

48h

72h



44 
 

 

Figure 17. Glucose yield obtained from Rice straw at NaOH pretreatment conditions at 100 ⁰C 

 

 

Figure 18. Glucose yield obtained from Corn stover  byNaOH pretreatment conditions 

at 100 ⁰C 

 

HPLC Analysis of Enzymatic Hydrolysate 

The enzymatically hydrolyzed samples of acidic and alkaline pretreatment of wheat  

and rice straws  as well as  corn stoverwere further analyzed by HPLC. For this purpose, the 

samples those have shown  higher amount of glucose at optimized conditions were used for 

analysis. Thesamples those were  withdrawn at different time periods during enzymatic 

hydrolysis, then these were centrifuged at 14,000 rpm, at 4 ⁰C for 15 minutes.Supernatant 

0

1

2

3

4

5

6

0.50% 1% 1.50% 0.50% 1% 1.50% 0.50% 1% 1.50%

G
lu

co
se

 c
o

n
ce

n
tr

a
ti

o
n

 g
/l

Concentration of (%) Dilute NaOH

0h

24h

48h

72h

0

1

2

3

4

5

6

0.50% 1% 1.50% 0.50% 1% 1.50% 0.50% 1% 1.50%

G
lu

co
se

 c
o

n
ce

n
tr

at
io

n
 g

/l

Concentration of (%) Dilute NaOH

0h

24h

48h

72h



45 
 

was separated and then filtered by using 0.22 μm syringe filter. An aliquot of the sample (500 

μl) was diluted with 1ml methanol to bring the concentrations of the samples within the range 

of calibration curve. Methanol was used due to the solubility of the sugars. All the samples 

and standard solution of glucose was passed through the 0.22 μm filter prior to analysis. 

About 20μl of agrowaste sample was injected through injection loop into HPLC system.  In 

order to analyze the glucose,  enzymatically hydrolyzed  samples were run in the gradient 

mode for 10 minutes ( Shields and  Cathcart.2010).   

The identification of peak as based on the retention time tR.Identification of glucose in three 

samples i.e. wheat straw, rice straw and corn stover were confirmed by the known standard 

injected through HPLC and its only one prominent peak was observed at a retention time of 

3.255 minutes (  Table 13 and Figures 19-20).   

 

 Figure 19. Chromatogram of Wheat straw hydrolysate sugar at acidic pretreatment. Peak of 

glucose (retention time, 3.128) 

 

 

  Figure 20.Chromatogram of wheat straw hydrolysate sugar at alkaline pretreatment. Peak of 
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glucose (retention time, 3.144) 

Table 13; Analysis of  wheat and rice straws  samples  for sugars   with HPLC 

 

Components  Retention  time  

( min)  

Concentration (mg/ml) 

Rice straw 

Concentration 

(mg/ml)  

Wheat straw  

Glucose 8.6 22.52 28.3 

Cellobiose 7.1 1.02 1.05 

Xylose 11.6 4.3 5.6 

Arabinose 12.0 1.4 1.8 

Mannose  13.2 1.5 2.8 

Galactose 15.5 1.2 1.5 

Furfural  42.5 1.4 2.65 

HMF 28 1.2 2.84 

Analysis of sugar with HPLC  

Fermentation withClostridium acetobutylicum 

The major product of  this type of fermentation   is known as ABE (acetone, butanol 

and ethanol) fermentation. The ratio of the acetone, butanol and ethanol in the fermentation 

process ismostly 3:6:1 as reported earlier by many authors. It was estimated that Clostridium 

acetobutylicum yields higherbutanol quantity at acidic pretreatment conditions as compared 

to alkaline pretreatment conditions. Although alkaline pretreatment conditions are best for 

butanol production because the chances for the production of fermentation inhibitors are very 

low. But in this experiment the reason for low butanol production might be  due to  low 

quantity of glucose obtained at alkaline conditions.Among three substrates the yield of 

butanol  was high in wheat straw because of number of factors i.e. the amount of 

carbohydrate  was  high in wheat straw as compared to rice straw and corn stover. Low lignin 

content in wheat straw is responsible for high glucose yield as well as high yield of butanol 

than other two substrates. Wheat straw contains low lignin contents as compared to rice straw 

and corn stover. The higher butanol production from wheat straw may be due to its low lignin 

contents. Among three substrates wheat straw yields highest quantity of butanol at acidic 

pretreatment conditions. It was estimated from previous studies that wheat straw hydrolysate 

contain furfural and hydoxymethyl furfural that supported the production of biobutanol by 

fermentation.. It is  concluded that wheat straw is a superior fermentation substrate probably 
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fermentation stimulatory chemicals  are  present in wheat straw. 

Table 14;  Proximate analysis of  straws samples  

Substrates 

Dry 

matter% Moisture% 

Crude 

protein% 

Crude 

fat% 

Crude 

fiber% Ash% 

Corn stover 91 5.32 7 2.9 2.5 3 

Wheat straw 92.8 7.2 17.5 3.6 15 23.5 

Rice straw 90.8 5.40 4.37 1.9 11 24 

 Analysis of biomass samples  

 

Table 15;Chemical  analysis of  straws samples  

Samples Cellulose % Hemicellulose% Lignin% 

Corn stover 30 21 7 

Wheat straw 40 25 13 

Rice straw 35 22 20 

 Chemical analysis of biomass samples 

Clostridium acetobutylicumfunction for butanol 

The clostridium specie Clostridium acetobutylicumwas maintained at at -20⁰C. 

Enzymatically hydrolysed sample was then used for fermentation. The pH was maintained at 

6.5 with NaOH. 1ml C. acetobutylicumspores were added in 100ml enzymatically hydrolysed 

solution in reaction bottle for separate hydrolysis and fermentation. These reaction bottles 

were placed in shaking incubator having 120rpm at 37⁰C for 72 hours. The butanol 

concentration was determined by alcohol meter after 72 hours, and  values were expressed as  

% butanol  obtained from wheat straw, from rice straw and  from corn stover. Among these 

three substrates wheat straw produced  highyield of butanol ( Tables 16 -18). 

However, main end products of acidic /alkaline  pretreatments and  enzymatic 

hydrolysis are glucose and xylose  which can be metabolized  by clostridium species during 

growth and acetone – butanol- ethanol ( ABE) fermentation (  Qureshi and Blaschek, 2000; 

Moretti and Thorson, 2008 ).C. acetobutylicum and  C. beijerinckii are two major microbes  

normally used in ABE fermentation. However, in recent years  research worker from 

different countries have investigated various strain (s) their parent micorbes, cultivation 

conditions and growth media  for various biomass samples used in batch, fed  batch and 

continuous  fermenters to produce ABE ( Tables16-18) 

 

  Table 16;  Acetone, Butanol and Ethanol production ( %) from  various agrowaste by  
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Clostridium acetobutylicum 

 

Samples Acetone% Butanol% Ethanol% 

Wheat straw 1.5 6.3 1.8 

Rice straw 1.2 6.2 1.3 

Corn stover 1.0 5.2 1.1 

 

ABE production from Biomass samples 

 

 

 

 

Table 17;  Acetone, Butanol and Ethanol production from agrowaste by Clostridium 

acetobutylicumat H2SO4 pretreated samples 

Samples Acetone % Butanol% Ethanol% 

Wheat straw 2.5 7.2 2.1 

Rice straw 1.7 4.9 2.2 

Corn stover 1.1 4.5 2.3 

ABE production from Biomass samples 

 

Table 18;   Acetone, Butanol and Ethanol production from agrowaste by Clostridium 

acetobutylicumat NaOH pretreated samples 

Samples Acetone % Butanol% Ethanol% 

Wheat straw 1.9 4.9 2.8 

Rice straw 1.5 4.6 2.4 

Corn stover 1.3 4.2 2.2 

ABE production from Biomass samples 

 

DISCUSSION 

For the production of alcoholic fuels ( Butanol and Ethanol ) from lignocellulosic  

feedstock required  various technological  steps  like acid  or alkali  pretreatment, 

saccharification and fermentation.  To  accomplish  an  cost effective   production of  
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biofuels,proper adjusting of  all  units of  system   is of great important.  In the past  different 

countries significantly improved  alcoholic fuels production by refining   different process 

like   pretreatment, enzymatic hydrolysis, fermentation, and  higher level of ethanol recovery 

( Zhao, 2012). The popular  cases of  biomass based  fuels  production  in developed 

countries  may be good references for the   developing countries . In addition many novel 

ideas, such as biorefinery and the concept of oriented conversion of classified composition 

have been investigated for ethanol production.    Similar technology are also    applicable for 

butanol production  fromlignocellulosic biomass (García et al., 2011; Demirbas, 2009 ). The 

cost of fuels may further  decreases when it will produce at industrial scale  and efficient 

combination of these processes will result in competitive biofuel  production from plant 

biomass, which is currently not being utilized effectively  ( Talo et al., 2014). 

Fermentation of available sugars in cellulosic biomass have potential to provides  

important products  like acetone, butanol, ethanol  and  similar other alcohols, that could  be 

used as   liquid fuels. Mostly  available source of biomass containing carbohydrates are  

wood  wastes , agriculture crops  like wheat, rice and cotton   straws , corn covers, sorghum 

straws, fruit and vegetable wastes  and  similar other substrates. Cellulose is considered as 

major  sugar for alcohol (fuel) production and  cellulose is complex   sugar present in plants 

materials. This complexcellulosic  material is break down into smaller units with help of acid 

treatment and enzymatic hydrolysis as well as bacterial/ fungal fermentation. These forms of 

alcohols is important because that may use as fuels. Therefore biofuels may provide solution 

of  (1) combating climate change, as it help to reduce level of carbon emission release from 

traffic etc. (2) . Biofuel is able to respond growing demand of  fossil fuel and energy (3) 

Biofuels  securing energy supply as it provides  security  to challenges rising for fuels 

globally (4).Reducing amount of waste and utilizing  natural resources, therefore  biofuels is 

excellent example  to provide answer of circular economy . In current study various cellulosic 

materials was used to produce  bioethanol and biobutanol.  Therefore  various order of 

alcoholic fuels production    from cellulosic  substrates was obtained . Among all substrates 

of biomass used straws has provided better yields of alcoholic fuels as compared  to others 

material used.However, amount of acetone, butanol and ethanol  produced depends on nature 

of cellulosic biomass used as well as various  distillation process conducted after 

fermentation for purification of these type of alcohols.  

CONCLUSION 

 The country ‘s energy demand  is expected to increase three fold by 2050, but 
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supply position is not inspiring. Due to similar situation renewable and sustainable energy  

resources are the best alternative  of conventional fuels and energy sources . Bioconversion of 

lignocellulosic biomass  into  alcoholic fuels (butanol and ethanol ) provides a sustainable 

and economical pathway  . While, a deep understanding of fundamentals of various 

pretreatment processes and development of more efficient and economical fermentation 

processes needs continuing efforts. Moreover, the development of cost-effective 

detoxification, more efficient microbial strains are required. The processof integration and 

optimization to  reducing energy consumption  as well as to  increase   yields replace 

currently available fossil fuels those are already in process of depletion. Therefore  scientists 

all over the world are observing different cost effective methods for  alternative sources of 

energy especially by using cellulosic biomass. It is expected that  these  types of   research 

work could be   an important phenomena for the  development of country by using  

indigenous resources in future. 
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ABSTRACT.  

Diospyros lotus L is one of common tree growing in forests of Northern part of Pakistan. The 

fruit is commonly known as “Amlok”. This fruit is small in size having blackish in color and 

posses astringent taste. Qualitatively and quantitatively analysis of fruit was carried out for 

secondary metabolites like flavonoids, quercitin, alkaloids, saponins, tannins and total 

phenols by using different standard methods. This fruit showed maximum positive result in 

quality parameters among different solvents. Diospyros lotus fruit resulted in higher amount 

of tannins among all other secondary metabolites, that might be one of the major cause of its 

sharp taste. It is rich in carbohydrates and contain significant amount of other 

phytochemicals. This fruit resulted in considerable amount of quercetin,that is an iso 
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flavonoid. Diospyros lotus fruit showed significant amount of antioxidants and might reduces 

the heart diseases and cancer. Diospyros lotus showed no activity against Gram negative 

(E.coli) and Gram positive (Staphlococcus aureus) bacteria. 

Keywords: Diospyros lotus, Secondary metabolites, Antioxidant activity, Antimicrobial 

activity. 

INTRODUCTION 

 

Northern areas of Pakistan are bestowed with large number of flora along with fruits that 

might have role in reducing various diseases and for the refreshing taste as well. Kotli sattian 

(Rawalpindi District) is blessed with variety of medicinal plants and seasonal fruits and have 

significantly important for their taste and nutritional value as well. Diospyros lotus L is 

obtained from kotli sattain area of Rawalpindi.  

Diospyros lotus. L belongs to family Ebenaceae and it is originated from Balkans, Caucasia 

to China and Japan. It is commonly known as “Amlok” or “Kala Amlok” in Pakistan. Ripened 

fruits are blackish blue globes having 1.5-2 cm diameter. Maturity of fruit is easily 

determined by the color development that varies from green to yellow (Ahmet and Kadioglu, 

1999).  Direct consumption of fruits is not possible due to having sharp smell. However, after 

maturation of  fruits different changes take place in pytochemistry that enhance the quality of 

fruit (Ayaz et al., 1997). Color become brown after ripening and contains 2 or 3 seeds. 

It was anti-diabetic, anti-fever, anti-septic and anti-tumor activities found in this 

fruits. Furthermore triterpenoids found in this fruits have anti-oxidant, anti-allergic and anti-

cancer activities. Tannins present in persimmon (Amlok) were 20 times more efficient than 

tocopherol with regards to 50% inhibitory concentrations (Ebrahimzadeh et al., 2010). It was 

observed that Tannins persimmon (Amlok) improved life style of hypertensive rats and 

strokes level was reduced by tannins in experimental animals. These persimmon tannins are 
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20 times more effective than antioxidant (vitamin E) as reported by Lillian (2007). 

Furthermore it was reported that D. lotus contained sedatives, astringents, laxatives, 

nutritive, febrifuges, antitussives, antiseptics, antidiabetics and antitumors activities. It´s 

fruits employed for diarrhea, dry coughs and hypertension .Therefore keeping in view the 

importance of this fruit present research work was carried   like    (1). Qualitative and 

quantitative analysis of Secondary metabolites. (2).Antimicrobial    

       activities of various fruit extracts  (3).To assess antioxidant activities of fruit 

extracts. 

 MATERIAL AND METHODS 

 SAMPLE COLLECTION AND PREPARATION 

Fruit sample of Diosypros lotus were collected from different locations of kotli sattian areas 

for analysis. Samples were identified by expert taxonomist registered (voucher specimen) for 

future reference. Fruit sample were shadow dried followed by oven drying and subjected to 

fine grinding (40 mashes). Resultant fine powder was again dried at 37oC in incubator to 

remove the moisture. Samples were preserved in clean bags with proper labeling of names 

and locations of sampling and stored at 4 oC for further analysis. 

  Fifty gram dried fruits powder was soaked separately for 48 hrs in 200 ml distilled water, 

50% (v/v) methanols, acetone and petroleum ether for aqueous, alcoholic, acetone and 

petroleum ether extraction respectively. The soaked material was agitated at regular time 

intervals. After 48 hrs the soaked material was filtered using muslin cloth .Then the filtrate 

were again filtered using Whattman filter paper No 1. on separate filtration setups. The final 

filtrates were collected and dried under room temperature. The extracts were stored at 40 C 

until further use. 

  Assessment of Primary and Secondary Metabolites  

 Macronutrients like  total proteins total sugars, reducing sugars and total oils contents were 
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determined by using  AOAC method (2000).  Qualitative and Quantitative   analysis of 

secondary metabolites from various fruit  samples of  D.louts were carried out for  Alkaloids, 

phenols, flavonoids, tannins, saponins, glycosides, plant steroids and  terpenoids by using 

methods reported by AOAC(2000). 

 Analysis of Quercetin  

Quercetin was analyzed in accordance with method of Bhimanagoud et al. (1995), with some 

modifications. To ml 100 mg of sample was added in 20 mL volumetric flask containing 80 

% ethyl alcohol and subjected to shaking for the extraction of quercetin. The volumetric flask 

containing solution was placed in the sonicator for 10 minutes. The sample solution was 

filtered with Whatman filter paper No. 42 and filtrate was collected in 15 ml falcon tubes and 

was stored at -20 °C until further analysis.  

Antioxidant Activities 

DPPH radical scavenging activity assay 

Radical scavenging activity of fruit extract against 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 

radical was determined (Chew et al., 2008). The scavenging reaction between (DPPH) and an 

antioxidant (H-A) can be written as: 

                               (DPPH) + (H-A)      →      DPPH-H + (A) 

                                  (Purple)                                 (Yellow) 

 

Antioxidants react with DPPH, which is a stable free radical and is reduced to DPPH-H and 

as a result the absorbance’s decreased from the DPPH radical to the DPPH-H form. The 

extent of discoloration indicates the scavenging potential of the antioxidant compounds or 

extracts in terms of its hydrogen donating ability. Different dilutions of the fruit extracts 

(ranged from 0.2 to 0.8 mg/ml) were prepared in three replications. According to this method, 

0.135 mM DPPH was prepared in a methanol and 1 ml from this was mixed with 1 ml of 
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extract. Mixture was vortexed and placed it in dark for 30 minutes to ensure the completion 

of reaction. The absorbance was noted at 517 nm using UV/Visible spectrophotometer. The 

scavenging activity of fruit extract was determined by following equation 

 DPPH Scavenging activity % = (Abs. control - Abs. sample) / (Abs. control)*100 

Whereas the absorbance of control = absorbance of DPPH + methanol 

Absorbance of sample = absorbance of DPPH radical + sample 

The DPPH radical scavenging activity of various  extracts of fresh and dried fruits of D. lotus  

were assessed  by using method already  described.  Briefly, to 100 μl of sample extract or 

standard, 2.9 ml of DPPH reagent (0.1 mM in methanol) was added and vortexed vigorously. 

The absorbance of  the mixture  at ambient  temperature  was recorded for 60 min at 10 min 

intervals. Gallic acid was used as a reference antioxidant  compound. The absorbance of the 

remaining DPPH radicals was read at 519 nm using  UV/Visible  spectrophotometer. The 

analysis of each assay solution was replicated trice. The scavenging  of DPPH radical was  

calculated  according  to the following  equations  

 DPPH radical  scavenging activity  

(%)= [ {A control- A sample}/{A control}]x100 

Where A control is  the absorbance of DPHH radical in methanol, A sample is  absorbance of 

DPHH radical + sample extract/standard. 

Reducing capacity  assessment   

 

 Concentrations of  0.01,0.05 and 0.075 mg/ml of fruit extracts  of  D.lotus  were mixed with 

2.5 ml of 0.02M phosphate buffer (pH 6.6) and 2.5 ml of 1 % potassium ferricyanide [ K3 

Fe(CN)6]. The mixture was then incubated at 50 C  

 

 

Antibacterial activity  
 
 

Fruits extracts were tested for antibacterial activity using a panel of Staphylococcus aureus 

(MTCC 96), Streptococcus pyogenes (MTCC 442), Escherchia coli, (MTCC 723) and 

Klebsiella Pneumoniae (MTCC 109).The organism were cultured and maintained on nutrient 

agar and in Nutrient broth media.  
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Antibiotic assay:  

Assays were performed as previously described with some modifications. In brief; each 

extract was pipetted onto a sterile paper disc  that had been suspended on top of a dissecting 

needle. The volume added was chosen because it represents the approximate volumetric 

capacity of each disc. The solvent was allowed to evaporate and the discs (upto 9 plate-1) 

were then placed onto the surface of Petri dishes that had previously been surface-inoculated 

with individual test strains at 106 dilution. Plates were then incubated at 

37°C for 24 hrs. Solvent control discs were prepared in the same manner and were never 

observed to inhibit bacterial growth. Cipro-floxacin discs, treated nwith 30 mg disc-1 of 

ciprofloxacin , were used as antibiotic standards on each plate. Three replicate  of fruit 

extracts, were assayed on different plates. After incubation, the diameter of clear zone 

surrounding the disc was measured to the nearest mm. An extract was considered active if 

one or more replicate extracts (each from a different fruit sample of the same species, but 

from different 

sources) produced a zone of inhibition >1 mm beyond the edge of the disc. The area of this 

zone 

of inhibition was calculated for each replicate assay of discs treated with extracts, and for 

ciprofloxacin discs, and mean and standard deviations calculated for all treatments. Because 

the disc diffusion assay is used to assess qualitative differences in antimicrobial activity, and 

is not without limitations.  

Antimicrobial activity 

The ground sample (80 mashes) was extracted with solvents like ethanol, water, n-hexane 

and ethyl acetate, based on their polarity order. Extraction of sample with ethanol (1:10) was 

performed by shaking for 24 hours and centrifugation at 10,000 rpm for 15 min. Supernatants 

were shifted into pre-weighed falcon tubes and residue was further re-extracted with other 
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solvents. The same process was repeated with all solvents and the extracts were dried in an 

incubator. The dried extracts were dissolved in dimethylsulfoxide (DMSO) for antimicrobial 

assay with modification. 

Microorganisms Tested 

Antimicrobial activity was tested against gram negative Echerichia coli and gram positive 

Staphylococcus aureus by agar well diffusion method. Preparation of all microbes inoculums 

was performed in Lauria-Broth gL-1 in different test tubes which were put in shaking 

incubator at 37 ºC for 24 hours containing 108 cfu/ml.  

Antimicrobial activity was examined by agar well diffusion method. Lauria-Bertini (LB) agar 

medium was prepared and autoclaved at 121 ºC for 15 min, cooled and poured in petri plates 

under laminar flow hood. Six mm wells were bored in each plate and inoculated with 30 µl of 

inoculums. Then 1000 µg/75 µl of each sample was added in each well and plates were 

incubated at 37 ºC for 24 hours. The zones of inhibition were measured after 24 hours and 

expressed in millimeter  

Statistical analysis. 

Data obtained was subjected to ANOVA for calculation of mean and standard values. 

 

 

RESULTS  AND DISCUSSION 
Qualitative and Quantitative estimation of phytochemicals from fruit samples 

Flavonoids, phenolic acids, tannins, saponins and alkaloids contents of fruit samples were 

assessed and results are presented  ( Tables 1 and 2 and Fig.1). Results showed that D. lotus 

have higher amount of flavonoids (34.42±2.89 %) as mentioned in table 2. All 

phytoconstituents play important functions in the human body and necessary for better 

quality of fruits.  

Flavonoids are considered as the important source of antioxidants found in fruits and 

vegetables. The flavonoids also provide defensive mechanism for animals and plants against 
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microbial infections. When flavonoids are attached with cell wall protein, complexes are 

formed, that kill invading micro organisms (Cowan, 1999).  

D. lotus have (16.9±0.84 %) phenols that are equivalent to gallic acid with reference 

to standard curve y = 0.002x and R2 = 0.98. Phenols play an important role to enhance growth 

of tissues and cells of human and animals. Phenols perform different functions in living 

organisms such as antioxidant and anti microbial activities protective against infections. 

(2.53± 0.25 %) alkaloids are found in D. lotus. Whereas quantity of saponins was low in D. 

lotus (0.98±0.08 %). Saponins help to reduce heart diseases (Chen and Blumberg, 2008; 

Chavan et al., 2001). Higher amount of tannins was found in D. lotus (41.49%±0.64) as 

compared to other secondary metabolites. Whereas the standard curve obtained was y = 

0.069x and R2 = 0.98. Tannins perform antimicrobial activity as they do not allow the 

microbes to connect with cell wall. Tannins help in protein transportation and also attach to 

polysaccharides in cell membrane. 
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        Table.1.Qualitative estimation of phytochemicals for fruit samples 

 

 

 
 

 

 

 

 

 

 

 

                          Values are 

expressed in terms of 

Mean ± SD after 

triplicate analysis (n=3) 

 

1=Water, 2=Ethanol, 

3=Methanol 

 

+ = Present,  - = Absent 

 

 

 

 

 

 

 

 

 

 

Table.2. Quantitative estimation (%) of Phytochemicals from D.lotus fruit extracts. 

Sr.No Flavonoid  
 

  Phenol   
 

Saponin 
 

 Tannin 
 

Alkaloid 
 

1   34.42±2.89 16.91±0.84 0.98±0.08  41.49±0.64 2.53±0.25 

 

 

 

2  30.52±2.51  17.41±1.2 0.90±0.05 37.05±0.61 2.45±0.22 

3  36.91±2.96  16.05±0.82 0.95±0.06 40.12±0.63 2.50±0.24 

Values are expressed in terms of Mean ± SD after triplicate analysis. 

 

 

S.No Phytochemicals D.lotus 

 

 

1 

2 

3 
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5 
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7 
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10 
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Alkaloids 

Carbohydrates 

Saponins 

Flavonoids 

Proteins and amino 

acids 

Reducing Sugars 
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Cardiac glycosides 

Steroids 

Terpenoids 

  

Glycosides 

1 
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- 
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+ 
+ 

 

- 
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2 

 

+ 

- 

- 

+ 

+ 

 

+ 
+ 

 

+ 
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3 

 

+ 

- 

- 

+ 

+ 

 

+ 
+ 

 

+ 

 

+ 

+ 
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Figure 1.  Comparison of various secondary metabolites obtained from fruit of D. lotus. 

  

  

 

 

Quercetin: 

D. lotus have 0.0052 ± 0.0038 with reference to Quercetin (y = 32.58x, R2 = 0.97) as given in 

table 3 and Fig 2. 

 

                   
    Table3. Estimation of quercetin from D.lotus  fruit samples 

Sr.No Quercetin (mg/ml) 

1     0.0052±0.0038 

2 0.0050±0.0036 

3 0.0055±0.0040 

      Mean values ± SD, after triplicate analysis 

 

 
Figure 2. Analysis of quercetin from fruit extracts of D. lotus 
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       Figure  3. Graphical presentation of quercetin concentration from fruit samples 

  

 DPPH Radical Scavenging Assay 

1,1,diphenyl-2-picrylhydrazyl (DPPH) is considered as the best antioxidant assay as was 

reported by many research (Ebrahmzadeh et al., 2010; Ayaz and Kadioglu,1999)  The   

absorbance was measured  at 517 nm. Phenols and flavonoids as antioxidant donate to free 

radicals and get paired. Then there is a reduced structure of DPPH due to loss of oxidative 

property (Durmaz and Alpaslan, 2007). Color changes from yellow to purple due to reduction 

of DPPH. Color shows presence of antioxidants.  D. lotus showed less antioxidant activity 

than standard (39.06 % ± 0.73) such as  (22.57 % ± 0.59) .The IC50 value of D. lotus was 

0.527 mg/ml, with reference to (y = 26.39x, R2 = 0.93 and Gallic acid was 0.961 mg/ml with 

reference to (y = 47.94x, R2 = 0.97). Results are expressed as % control (Gallic acid) ( Table 

4 and Figs. 4-5). 

 Naturally occurring antioxidants are employed in food and pharmaceutical industries to 

manufacture relevant ingredients human health. 

y = 32.582x
R² = 0.9946
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  Table 4. DPPH free radical scavenging potential (517 nm) of fruits 

Fruit 

extracts 

conc. (µg/ml) 

D. lotus  Gallic acid 

 

20 

 

6.28±0.01 

 

11.13±0.19 

 

40 

 

11.75±0.21 

 

16.42±0.23 

 

60 

 

13.70±0.37 

 

30.38±0.53 

 

80 

 

22.57±0.59 

 

39.06±0.73 
Results are obtained as triplicate analysis mean ± SD 

 

 

 

 
  Figure 4.  DPPH  activity as compared to  D. lotus  
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  Figure 5. IC50 and anti radical power of different fruits and gallic acid 

 

Antimicrobial activity of fruit extracts 

Assessment of antimicrobial activities of fruit extracts revealed that fruit extract of D. 

lotus failed to show any zone of inhibition against S. aureus and E. coli in all extracts. as 

mentioned in table 5. 

  Table 5. Antimicrobial activity of fruits against  different  bacteria 

 

 

 

D.lotus 

 

 

S.aureus 

1    2    3    4     5        

 ×  ×   ×     ×    32 

 

 
 

×  ×    ×    ×   42 

 

E.coli 

 

1= Ethanol , 2= Water , 3= n-hexane , 4= Ethyl acetate, 5= Ampicillin 

 

Flavonoids as important secondary metabolites posses an anti-inflammatory activity and 

provides remedy against different types of allergies, viruses and tumor infections (Cook and 

Samman, 1996; Bohm and Kocipani, 1994). Studies on phytochemical analysis of D. lotus 

fruits extract shows that it is rich in flavonoids and tannins. It was found that D. lotus fruit is 

rich in and contained flavonoids (34.42 ± 2.89 %), where as Muhammad et al. (2008) 

reported different values of flavonoids (2.03 mg/g ± 0.01), when they were working on 

flavonoids of some other fruit samples. Significant amount of phenols was found in fruit 

extract of D. lotus (table 2). Phenols are receiving great consideration due to antioxidant, 

anticancer, and anti tumor activities (Muhammad, 2008). Tannins (water-soluble 

polyphenols), involved in accelerating blood clotting, decreases blood pressure, reduces 

serum lipid level, generate liver necrosis, and changing immune responses (Hoper and  

Cassidy, 2006). The higher level of tannins was found in D. lotus (41.49 ± 0.64 %) and 

values were comparable with values of  reported by Muhammad (2008). Saponins are surface 
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active sterol triterpene glycosides. The importance of saponins in diets is probably due to 

their role in the reduction of risk of coronary heart disease. The values of saponins found in 

D.lotus fruit (0.98±0.08) and was lower than values of saponins reported by Renata et al.( 

2011) as compared to other fruits.   

Quercetin, being a antioxidant that inhibits low-density lipoproteins oxidation in-vitro and 

ingestion of quercetin is not directly linked with mortality of coronary heart diseases.  DPPH 

results indicates that IC50 values of D. lotus was 1.894 mg/ml, higher than the reported values 

of D. lotus (Chew et al., 2008; Dragovic  et al.,2007). 

Regarding antimicrobial activities of fruit extracts, D. lotus failed to show zones of inhibition 

(Table 5). Diospyros species has shown zone of inhibition against E. coli and S. aureus 

(Lillian et al., 2007). Different extracts of Diospyros species has shown antimicrobial activity 

against Gram negative and Gram positive bacteria. 

 

CONCLUSION 

The fruit largely help in reducing the stomach diseases, cancer, risk of heart diseases and 

hypertension. This might be due to phytochemicals (polyphenols, flavonoids, tannins, 

saponins, alkaloids etc). Studies revealed D. lotus fruit due to having essential micro and 

macronutrients are important for human health and might be important as remedy for 

different ailments. 
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ABSTRACT 
Mushrooms of order polyporales from local myco-flora of district Poonch AJK were explored 

on the basis of micro and macroscopic characteristics followed by identification among 

edible and poisonous specimens. Three different species of mushrooms of order polyporales 

viz: Polyporus versicolor, Laetiporus sulphurens and Phaeolus schweintzii were collected 

from different tehsils of Poonch district Azad Jammu and Kashmir. Temperature during 

specimen collection was recorded 18-25° C. It is assumed that this study would be beneficial 

to existing knowledge about local mycoflora of Poonch AJK. In consequence, most of the 

forest worth is wasted and not even local community is aware by mushrooms knowledge. 

Mushroom farming, mushroom products and mushroom bioremediation is of prime 

importance to boost the revenue income and healthy living. 

Keywords;  Polyporus versicolor, Laetiporus sulphurens and Phaeolus schweintzii 

 

 

 

 

 

 

 

INTRODUCTION 

There are around 3.8 million species of mushrooms throughout the world that have been 
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collected from the natural vegetation and used for various conventional and medicinal 

purposes (Hawksworth, 2017; Fakhar-ud-Din and Mukhtar, 2019). Although mushrooms can 

be found anytime in the year but generally appear in two distinctive seasons. First season 

occurs between March-May and the second between September-October, with some 

ephemeral species surviving for only 24 hours (laala et al., 2016). The economic value of 

medicinal mushrooms and imitative dietary supplement throughout the world was nearly 

about US$9.0 billion in 2001 (Miles and Chang, 2004). 

The cooler climate of Poonch district with short summers is an ideal climate for the growth of 

macro-fungi (GOAJK, 2020).  There are sporadic reports about the macro-fungi of this region 

where most of macro-flora still unexplored. AJK lies 80kilometer North-East of capital 

Islamabad in foothills of southern Karakorum range. It is pertinent to mention that native 

people of AJK have no knowledge about the potential economic and medicinal importance of 

wild mushrooms and only rely on indigenous knowledge about these food commodities. 

Mushrooms belonging to class Basidiomycetes have a macroscopic fruiting structure called 

basidium or basidiocarp that is either above the ground or may be below the ground. 

Basidiomycetes approximately contain 10,000 species of 550 genera and 80 families (Dudka and 

Wasser, 1987). Throughout the world only a small fraction of entire fungal wealth has been 

subjected to scientific scrutiny and mycologists continue to unravel the unexplored and 

hidden mushrooms as they are becoming extinct because of habitat destruction and climatic 

changes. Geographically and ecologically broad sample of environmental sequence would be of 

extreme importance in elaborating mushrooms from local myco-flora of Poonch Azad Kashmir. The 

proposed study aimed to collect local myco-flora of Poonch AJK for differentiation among 

edible and poisonous specimens. 
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MATERIAL AND METHODS 

Wild mushrooms were collected from different places of district Poonch including three 

tehsils viz. Rawalakot, Hajira and Abbaspur. Mushroom samples collected were brought to 

department of plant pathology University of Poonch, AJK, Rawalakot and PMAS- Arid 

Agriculture University Rawalpindi for in-depth studies. Specimens were collected randomly 

from different localities of Poonch district AJK, however, marshy places were given priority. 

In addition, mushrooms were collected just after rains. Mushrooms were fragile fruiting 

bodies therefore collected meticulously with the help of trowel and spade. In order to avoid 

damage tissue papers, plastic bags, flat baskets and small boxes were used. Specimen was 

uprooted with intact stem especially the base, which was of great importance in 

identification.  Deep rooted specimens were dug out with the help of trowel and spade while 

shallow based species were manually picked up from the substrate (Pala, 2012). 

Specimens grown on branches and trunks were collected by scratching the substratum 

with a sharp knife. However, most of the times, complete portion was removed to avoid 

damage to specimen. Short lived characters such as surface characteristics, odor, color 

changes and growth habits like depth in soil, shape and tenderness etc. were noted. Most 

common characters like temperature, habitat and substrate were also noted. All the collected 

specimens were carried to the laboratory for further elaboration. Each collection was given a 

specific collection number. 

Field photographs were taken with the help of Huawei camera by presenting possibly 

all the visible sides of specimens with their substrates. 

For identification macroscopic and microscopic studies were followed (Atri et al., 2003). In 

macroscopic identification all external features of specimen were being identified, (Size, 

Colour, Texture, Pileus, Lamellae and Stipe) followed by (Atri et al., 2003). Mushrooms 

specimens were characterized by using different written and descriptive mushroom keys 
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(Arora, 1986). Whereas microscopic slides of spore were prepared by taking spore dust from 

fresh specimen and placing it on a slide having drop of water or lactophenol. Furthermore, 

reagents used for slide preparation were 3% KOH, cotton blue and Mezler’s reagent followed 

by (Pala, 2012). Spore size was also measured with the help of ocular micrometer under 

Nikon Eclipse E200 microscope. Furthermore, spore prints were taken in accordance of 

guidelines given by Kuo (2001). Spore prints were collected by cutting pileus and then 

placing it on white paper for over nightly. In case no spore prints were released then the cut 

pileus was left on white paper for another 24 hours (Arora, 1986). Wild mushrooms 

specimens for future studies were preserved. Preservation was done dry as well as wet. 

To create awareness among native people about edible and poisonous species of wild 

mushrooms, these were carefully identified in accordance with earlier published taxonomic 

literature of wild mushrooms (Arora, 1986).  

 

 

RESULTS AND DISCUSSION 
Order: Polyporales 

During wild mushroom collection from poonch area of ajk, 3 species belonging to same order 

of same family and 3 different genus were collected. morphological features of all these 

specimens are elaborated in table 1. furthermore, there were a number of potential sites for 

fungi in any locality, and in the case of the tropics about 32 ecological niches meriting 

research recognized requiring different techniques and experts to explore. while no site on 

earth can yet be considered to have a complete inventory of the fungi present, some habitats 

stand out as particularly underexplored (hawksworth et al., 1997).  

 Polyporus versicolor      

   It was seen on trunks (dead and living both), also seen on coniferous trees, and most 

commonly found on fruit trees from Shamsabad village of Tehsil Rawalakot, during month of 

September, 2015 and temperature noted was 25°C. Corphophores were present with a size 

measurement of 3-8cm in width and were flattened. Specimen was joined together forming a 

rosette structure and texture was very smooth with a velvety appearance. It was seen in 

brown, pale and purple colors (Fig a). Tubes were present and were very short having white 

and dark brown appearance. Spore print was brown. Spore size measured was 4-7 × 13-3 µm 
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and spores were round to elliptical in scattered form (Fig a).  

 Laetiporus sulphurens 

     Specimen was found on dead stumps and logs and buried woods in Chatra village of 

Tehsil    

      Abaspur during month of April, 2015. Temperature was 18° C. 

Fruiting body was about 9-13 cm broad having fleshy texture. Appearance of fruiting body 

was finger like, shelf like and knob like. Specimen was in yellow, white and orange colours 

and fruiting structure was wrinkled (Fig a). Stipe was totally absent as wood serves function 

of stipe. Spore print was white and spores were smooth having size, 5-5.5×7-3 µm (Fig b).  

   Phaeolus schweinitzii 

  Specimen was seen on dead logs of trees mostly in groups but was also seen in scattered 

form during rainy season. It was found from Chatra village of Abaspur Tehsil during month 

of September, 2015 and temperature during collection was 24°C. 

 Pileus was absent. Appearance of fruiting body was shelf like. Fruiting body was about 4-6.6 

cm broad and of white colour with very smooth texture (Fig c). As wood was habitat 

therefore it serves purpose of stipe, but a very small stipe was also present only about 0.5 cm 

in thickness and was tapered downwards having white colour. Lamellae was totally absent. 

Spore print was white. Spores were smooth having size, 4.5-6×5-8 µm (Fig c). 

. 

 
Figure  a: Polyporus versicolor               Figure  b: Laetiporus sulphurens             Figure  c: Phaeolus 

schweitzii 

 

Table 1- Morphological characterization of mushrooms from order Polyporales 

collected from Poonch area of AJK  
Sr 

# 
Scientific 

Name 
Common 

Name 
Order Edibility Pileus Stipe Spore 

print  
Spore 

size 
1- Polyporus 

versicolor 
Turkey tail Polyporales Edible 3-8cm Absent Brown 4-7 × 13-

3 µm 
2- Laetiporus 

sulphurens 
Chicken of 

woods 
Polyporales Edible 9-13 

cm 
Absent White 7-3 × 5-

5.5 µm 
3- Phaeolus 

schweintzii 
Velvety top 

fungus 
Polyporales Poisonous 4-4.6 

cm 
0.5 cm White 5-8 × 4.5-

6 µm 
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DISCUSSION 

The best season for wild mushrooms growth in Poonch District AJK was observed from 

Feburary to October as maximum number of wild mushrooms samples were collected during 

this time. Our results were similar to previous surveys for wild Mushrooms collection in 

North Western Himalayas conducted by Lakhanpal (2010) who also recorded 300 species 

belonging to 59 genera and 15 families of order Agaricales during same season from North 

Western Himalayas. 

Nutritional importance of mushrooms of class Basidiomycetes is of utmost imporatance. All 

edible mushrooms belonging to Pleurotaceae and Agaricaceae family are naturally gluten 

free, rich in vitamin D, vitamin B, protein, carbohydrates and minimize heavy. Medicinal 

value of edible mushrooms belonging to class Basidiomycetes is also of paramount 

importance. These edible mushrooms are used for treatment of diseases like cancer, diabetes, 

heart attack and many more are reported in USDA (2019). In short, mushrooms have wide 

range of uses both as food and medicine (Alice and Kustudia, 2004). 

 

CONCLUSION 
After exploring local myco-flora of Poonch AJK our study revealed presence of rich macro-

fungi in at every hook and corner of research area. Many of these hold great medicinal and 

nutritional importance. If this natural wealth properly collected, managed and marketed, local 

inhabitants can get handsome money and country can earn good amount of foreign exchange 

by exporting them. 
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ABSTRACT 

Natural plant based therapeutics are getting more attention as a source of novel and safe drug 

therapeutic option as compared to synthetic drugs.  

Plants contain various secondary metabolites called phytochemicals, which have effect on several 

bioactivities and are important source of antioxidant and antimicrobial agents.  

This study is conducted to evaluate the phytochemical potential and cytotoxic screening of two 

indigenous medicinal plants Narium oleander and Justaciaadhatoda. These plants have shown high 

levels of phytochemical with 23mg/g saponins in both plants leave extracts. The concentration of 

flavonoids and phenolic are found slightly higher in Justacia adhatoda leaves extract as 21mg/g and 

18 mg/g, respectively. The cytotoxic level in both plants has shown higher. This reveals the medicinal 

importance of plants as source of secondary metabolite, which could potentially be downstream for 

industrial purposes.  

Key words: Phytochemicals, Cytotoxic Screening, Medicinal Plants 
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INTRODUCTION  

In recent years the use of natural plant based products are increasing due to increase in concerning 

question about safety of synthetic products (Zhishen et al.,  1999).  Plants constitutes variety of 

natural products that can be used for formation of drug development against different diseases 

therefore scientists are turning their concern towards plants with therapeutic potential at international 

level (Krishnaraju,  2005). The plant based secondary metabolites known as phyto chemicals with  

previously un-noticed bioactivities, have been investigated to undercover all natural beneficial 

properties as a drug developmental source. Therefore, plants with adequate bioactivities against 

microbial infections have been screened to develop novel antibiotics (Parekh and Chanda,   2007).  

basic health care needs of more then 80 % of worlds population are fulfilled by herbal remedies 

according to WHO moreover active ingredients of plants are source of about 30% pharmaceutical 

preperations worldwide (Khattak,  2012). 

Polyphenolics are class of natural products that includes flavonoids with antioxidant property.  They 

are present in vascular plants , fruits,  vegetables,  beverages,  and different ornamental as well as 

medicinal plants.  Flavonoids works to inhibit oxidation of low density proteins (LDL)  and causes 

reduction in thrombotic activity.  Naturally occurring flavonoids are quercetin,  Kaempferol,  

Myricetin,  Luteolin and apigenin (Hertog et al.,  1993).  

Biochemical action of flavonoids as anti oxidants takes place during vigorous oxidative process in 

digestion (Jovanovic et al.,  1994).  Flavonoids can inhibit lipid peroxidation,  chelate  redox active 

metals and attenuate other biochemical processes  occurring in body therefore flavonoids also have 

cardio protective effects.  Flavonoids are the poly phenolic compounds that occurs as glycosides and 

polymers in diet (Heim et al.,  2002).  

Variety of biochemicals ,  alkaloids ( vesicinone,  vesinol,  vesicine),  vitamins (vitamin C,  B-

Carotenes),  essential oil (butane), non crystallinic steroid (vasakin) and fatty acids mixture have been 

identified as a contribution to the important medicinal effects of plants (Das et al.,  2005).  

N.  Oleander Linn.  Is a plant well reputed to have therapeutic agents against treatment of skin 

infections, swelling,  leprosy and eye diseases.  Commonly it is named as “Kaner”.   Different parts of 

this plant has been used for their cardiotonic and antimicrobial properties (Siddiqui et al., 1985).  It is 
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a free flowering shrub and founds near the banks of streams.  Besides different beneficial properties of 

this plant, it has been found quiet toxic to men and animals.  If injested, symptoms appered includes 

dizziness, nausea, depression,  fever,  bloody diarrhea,  weekend pulse,  irregularity of heart beat,  

paralysis and loss of consciousness.  It could be fatal through heart failure.  In modern research it has 

been used for tumor inducing activity and antibacterial activity (Adome et al.,  2003). 

J. adhatoda is also a rich source of phytochemicals,  the plant leaves revealed the presence of 

adhalanine,  quercitin,  alkaloids,  pyrroquizoline alkaloids,  2-4-dihydroxychaleone 4-glucoside and 

kaemppherol (Ahmad et al.,  2009).  Chemopreventive role of J.adhatoda has also been reported in 

addition to its hepatoprotective role on liver damage induced by D-galactosamine in rat 

(Bhattacharyya et al.,  2005).   It has also been reported that the leaf extract of J.  adhatodaat a dose of 

800mg/kg of body weight can significantly restore glutathione level and lipid peroxidation in liver.  It 

also involves in the regulation of acid and alkaline phosphatases in mice testes after exposure to 

irradiation.  Reduction factor of radiation dose was 1.43 (Das et al., 2005). This study is conducted to 

evaluate the secondary metabolites quantification and cytotoxic levels of Narium oleander and 

Justacia adhatoda leaves extract to unveil their potential to be used in novel drug therapeutic options. 

 

 

MATERIALS AND METHODS 

Sampling 

Justacia adhatoda(JA) and Nerium oleander(NO)were collected from Rawalpindi hills. Botany 

department of PMAS-AAUR taxonomist did taxonomic identification. 

Samples processing 

The plants were oven dried at 600C for overnight and grounded into fine powder using electric 

grinder. To remove larger particles samples were sieved through 80 meshes sieve  and stored at 40C 

for processing. 

Extracts Preparation 

10 grams of powdered sample was mixed in methanol,chloroform and water in 1:10,incubatedat240C 
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for 1 day. Then centrifuged at13000 rpm for 20 min, filtered and dried at 370C. 

 

Proximate analysis  

For biochemical analysis, standard methods of AOAC (AOAC, 1990), was used to estimate moisture, 

crude protein, carbohydrates, fiber, and ash content. 

Moisture and dry matter estimation 

5 grams of plant sample was placed in oven for drying at 1050C for 13 hours. Samples were weighed 

before and after treatment to observe weight difference.  Amount of moisture content was determined 

using following scheme 

Moisture content %   = W2 – W3/ W1× 100 

Dry matter of leaves sample was estimated according to calculations 

 %  Dry matter  = W3 - W1/sample weight   × 100 

Whereas, W1 is Weight of basin, W2 and W3 are Weight of basin + sample before and after drying, 

respectively 

Crude Protein estimation 

The protein content of the sample was estimated using factor of 6.5, by the kjeldhal method. 

Protein content %  =  (V1  - V2) N /1000 W   × 14 × 6.25 × 100 

 Whereas, V1 is sample titer, V2 is blank titer, V3 is normality of standardized H2SO4 and W is 

sample weight 

 

Ash content determination 

 Total 5 g of samples taken in glass crucible were previously weighed to have a constant weight and 

placed in furnace at 5400C for 14 hrs. After cooling at room temperature crucible with ash were 

weighed again carefully. 

Ash % = X – Y/Z× 100 

Whereas, X is weight of crucible with sample, Y is weight of crucible with ash and Z is weight of 

sample 

Determination of Crude Fat 
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3 mins Homogenization of 10 g of each sample with chloroform and methanol (1:2)was done in 

blender. Re homogenization and centrifugation of samples were done with Methanol :  Chloroform :  

Water (2:1:8).  The supernatants were cooled and diluted with 10 volume of water in a separating 

funnel.  The lower layer of chloroform was removed and supernatant was washed twice with small 

volumes of chloroform for each sample.  Finally the extracts were evaporated to dryness and weight 

for each sample was calculated by subtracting the observed weight from initial weight. 

 

Carbohydrate Content 

 By subtracting the total quantity of    crude protein, crude lipid,  crude fiber , ash and moisture 

free basis from 100 , total amount of  carbohydrate content for each plant sample was calculated as 

described by Khalifa (1996). 

 

Carbohydrate Content = 100 – (% residual moisture + % protein + % ether extract + ash). 

QUANTITATIVE DETERMINATION OF PHYTOCHEMICALS 

Determination of phenols 

 Each plant extract were checked for total phenolic content according to Folin-ciocalteu 

method (Harnafi and Amrani,  2008).  The principle of this test is based on reduction of a 

phosphotungstate - phosphomolibdate complex by phenols to bluish reaction product in alkaline 

conditions. Total 1 ml of  plant extract was added in 250 µl of folin-ciocalteu reagent and 20% of 1.25 

ml Na2CO3.  The absorbance was recorded with the help of spectrophotometer after incubation in dark 

for 45 min.  Absorbance was  recorded at 725 nm versus blank (1ml of plant sample each replaced by 

1 ml of solvent used in extract prepration).  Calibration curve prepared was used to calculate the total 

amount of polyphenols in each plant extract by using gallic acid as a standard.  The amount were 

expressed in mg gallic acid equivalent/ g of each plant extract.   

Estimation of alkaloids  
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Total 5 g of each plant sample was mixed with 10 % of 50 ml acetic acid solution prepared with 

ethanol by shaking well and allowed to stand for 5 hrs followed by fiteration.  Filtrates obtained were 

allowed to evaporate till 1 quarter of its original volume on hot plate.  Drop wise Conc. NH3OH was 

added  precipitates of alkaloids present in each plant sample was observed.  Precipitates were filtered 

and then washed using 1% NH3OH solution.  The precipitates were dried out at 600C for 40 mins in 

oven and weighed again to check constant weight obtained.  The differences in weights were used to 

determine the weight of alkaloids and its percentage in each sample.  Triplicate of each sample were 

conducted to note the average value (Adeniyi et al.,  2009).   

Estimation of saponins 

Saponin content of plants sample were determined by using method by Kuar and Arora (2009).  The  

sample of each plant were taken 20 g and mixed with 200 ml of 20 % ethanol.  Solution was heated 

on hot water bath for 4.5  hrs followed by continuous stirring at about 560C.  Mixture prepared was 

filtered and re-extracted using 200 ml of 20% ethanol.  The extracts were reduced to 40 ml by heating 

at about 900C.  The concentrates was transferred to a separate funnel in each case and 20 ml of diethyl 

ether was added.  The two layers formed from which aqueous layer was recovered while ether layer 

was discarded and  60 ml of another solvent n-butanol was added to each solution for purification 

purpose and washed twice with 10 ml of 5% aq. NaCl sol.  The remaining solution was heated using 

hot water bath in order to evaporate solvent.  The sample was dried till constant weight  and 

percentage content of saponin  was estimated.   

Estimation of flavonoids 

Flavonoid content of each plant sample was determined using AlCl3 calorimetric assay (Marinova et 

al.,  2005).  Each plant sample was taken (5 g) and extract was prepared using methanol as solvent. 

0.5 ml aliquot was added to test tubes containing 2ml dist. H2O and 5% sodium nitrite (0.15 ml).  

After 5 min 10% of NH3Cl sol. (15 ml) was added for 6 mins and 1 M NaOH sol. (2 ml) was added to 

make up final volume 5 ml with dist. H2O.  The  solution was mixed well and absorbance was taken at 

510 nm.  Amount was expressed as mg of querceteinequal to 1 gram of plant sample,  where as  
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Triplicate analysis were carried out to take mean value. 

CYTOTOXIC BRINE SHRIMP ASSAY 

About 28 g/L of sea salt was dissolved in dH2O according to method reported in  Meyer et al., (1992).  

Shrimps eggs (Artemia salina) were hatched in a tray sections that contain sea salt saline.  They were 

added in section of tray where there was no light and after overnight incubation larvae was collected 

from lightened side by using micropipette.  Test tubes were used in this bioassay and each reaction 

mixture (10, 100 and 1000 µg/ml) was pipette in vials and the solvents were evaporated.  Saline sea 

salt 2 ml was used as positive control.  Remnants were dissolved again in about 2ml of saline sea salt.  

Shrimps at least 10 in numbers were shifted to respective vials and the volume was increased upto 5 

ml then incubated (25-28%) overnight for 24 hrs.  After incubation Abbot’s formula was used to 

calculate the % death of shrimp. 

RESULTS  

PROXIMATE ANALYSIS OF PLANT SAMPLES 

Proximate analysis of J. adhatoda  and Nerium oleander leaves shows dry matter ,  moisture,  crude 

protein,  carbohydrate,  crude fat and ash content.   The  higher  contents of carbohydrate were found  

in J.  adhatoda  (57 ± 0.25 g/100 g) followed by  N.  oleander (59 ± 0.45 g/100g).  Where as  crude 

fat content of both plants were measured for  J.  adhatoda (6.6 ± 0.75 g/100g) and N.  oleander (3.9 ± 

0.48 g/100g).  Result shows higher level of  crude fat in  J.  adhatoda leaves as compared  to N. 

oleander leaves.  It was observed that  J.  adhatoda  contained  (90.5 ± 0.05 g/100g)  of  dry matter  as 

compared to N. oleander (89.7 ± 0.05 g/100g).  proximate analysis of these valueable medicinal plants 

gave the phytochemical secreening and qualitative assessment. 

QUALITATIVE AND QUANTITATIVE DETERMINATION OF PHYTOCHEMICALS 

FROM PLANT SAMPLES 

Qualitative analysis of extract of both plant samples indicates the presence of many plants secondary 

metabolites such as alkaloids,  flavonoids,  saponins,  cardiac glycosides,  anthraquinone glycosides, 

triterpenoids (fig. 2).  All these phytochemicals were detected in their respective solvents, which 

could be responsible for their bioactivity such as antibacterial and antioxidant.  
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Quantitative results show that the alkaloids are present in small amount in both plants, J.  adhatoda 

(3.74 ± 0.29 % w/w) while for N.  oleander (3.24 ± 0.25 % w/w).  flavonoids are water soluble 

antioxidents and free radical scavengers due to their metal chelating activity,  which prevent oxidative 

stress in the cells.  Flavonoid content of both plants were higher then alkaloid ,J. adhatoda(21.90 ± 

0.2 % w/w) while N. oleander (20.90 ± 0.25 % w/w).Quantification of saponins from leaves samples  

was carried out and found that    J.  adhatoda leaves  contained (23.0 ± 0.30 % w/w) of saponins as  

compared to N.  oleander (23.20 ± 0.31 % w/w).  Presence of significant amount of these important 

phyto chemicals shows higher medicinal activity of both plants such as antimicrobial ,  antioxidant 

and antitumorous activity.   

 

 

 

Figure 1:     Proximate Analysis of Justaciaadhatoda and Nerium oleander leaves 
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Figure 2:  Quantitative analysis of phytochemicals of N.  oleander and J.  adhatoda leaves 

extract. 

CYTOTOXIC SECREENING OF PLANT SAMPLES 

Cytotoxic screening using brine shrimps bioassay was done to generate important preliminary data to 

select plant extracts.  Cytotoxic effect of the plant extracts and various fractions of N. oleander and J. 

adhatoda leaves were tested against the brine shrimp growth under controlled conditions as presented 

in table 1 and 2.  This assay demonstrated that the survival of brine shrimps was inversely 

proportional to the concentration of various fraction. LD50  represented the lowest concentration of 

test samples at which there were 50% death of shrimps observed.  Results of the present study 

demonstrated that the order of LD50 of various fractions of N.oleander and J. adhatoda leaves extract 

was methanol >  aqueous>  n-hexane >  chloroform .  About all the tested samples proved their toxic 

effects at 1000 mg/L  (Table 1,  2). 

Table 1: Cytotoxic screening (Brine shrimp lethality assay;  % death) of various solvent 
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fractions of methanolic extract of J.  adhatoda leaves 

 

J.  adhatoda 

Leaves  

Extracts 

Cytotoxic screening  (Concentration mg/L) 

10 mg/L 100 mg/L 1000mg/L LD50 

mg/L 

 

Methanol 

Extract 

 

19.25±2.85 

 

29.0±2.53 

 

48.01±2.39 

 

>1000 

 

n-hexane 

extract 

 

27.10±3.60 

 

37.99±4.49 

 

56.99±4.59 

 

743 

 

Chloroform 
Extract 

 

41.93±2.22 

 

55.13±2.54 

 

71.33±1.23 

 

68 

 

Residual 

Aqueous 

Fraction 

 

32.22±1.88 

 

50.12±1.26 

 

64.77±1.66 

 

100 

 

Positive  

Control 

 

54.7±1.62 

 

78.77±2.89 

 

89.43±2.75 

 

<10 

 

Each value in the table is represented as mean ± SD (n=3),  (P < 0.05) 
Positive control;  Saline sea salt. 

 

 

 

Table 4.7.  Cytotoxic screening (Brine shrimp lethality assay , % death) of various solvent 

fractions of methanolic extract of N.  oleanderleaves 

 

N.  oleander 

Leaves  

Extracts 

Cytotoxic screening  (Concentration mg/L) 

10 mg/L 100 mg/L 1000mg/L LD50 

mg/L 

 
Methanol 

Extract 

 
18.75±2.75 

 
28.9±2.63 

 
47.77±2.39 

 
>1000 
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n-hexane 

extract 

 

26.90±3.50 

 

38.34±4.59 

 

57.20±4.59 

 

740 

 

Chloroform 
Extract 

 

42.33±2.12 

 

54.33±2.64 

 

70.33±1.23 

 

66 

 

Residual 
Aqueous 

Fraction 

 

31.22±1.98 

 

49.43±1.16 

 

64.97±1.66 

 

100 

 

Positive  

Control 

 

54.7±1.62 

 

78.77±2.89 

 

89.43±2.75 

 

<10 

 

Each value in the table is represented as mean ± SD (n=3),  (P < 0.05). 

Positive control;  Saline sea salt. 

DISCUSSION 

Variety of biochemicals ,  alkaloids ( vesicinone,  vesinol,  vesicine),  vitamins (vitamin C,  B-

Carotenes),  essential oil (butane), non crystallinic steroid (vasakin) and fatty acids mixture have been 

identified as a contribution to the important medicinal effects of plants (Das et al.,  2005).  The 

selected medicinal plants in this study have shown high potential of accumulating carbohydrates, 

saponins, flavonoids and polyphenols, which depicts their role as antimicrobial and antioxidant agent. 

The cytotoxic screening of plants has shown their potential toxicity levels. Narium oleander leaves 

have shown comparably high toxin levels as compared to second plant. In previous literature, these 

plants are shown to have hepatoprotective role on liver damage. Chemo-preventive role of J.adhatoda 

has also been reported in addition to its hepatoprotective role on liver damage induced by D-

galactosamine in rat (Bhattacharyya et al.,  2005).  These plants could be potential source of 

extracting various biochemical of medicinal importance for human welfare.  

CONCLUSION 

The plant based secondary metabolites known as phytochemiicalswiht previously un-noticed 

bioactivities, have been investigated to undercover all natural beneficial properties as a drug 
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developmental source. Therefore, plants with adequate bioactivities against microbial infections have 

been screened to develop novel therapeutic drugs. In this study Narium oleander and Justaciaadhatoda 

have been screend for their phytochemicals and cytotoxic levels.The cytotoxic level in both plants has 

been found high with n-hexane extracts. Both plants have shown higher levels of saponins, 

flavonoids, and polyphenols, which depicts their importance as a rich source of secondary metabolites 

of therapeutic interest.  
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Pomegranates is useful for human health due presence of bioactive nutrients. Modern science has 

provided evidences that regular uses of pomegranates   can reduce risk of heart stocks.  

 In current study  the in vivo and in vitro study was conducted to assess  antioxidants and 

cytotoxicity activities of seeds and peels extracts of pomegranate that was further correlated 

with model proposed by silico study . Chemical analysis of extracts has provided total 

phenols, flavonoids, tannins, vitamin C, thiamine, riboflavin and some essential metals. 

HPLC quantification revealed presence of higher amount of quercetin in pomegranate 

extracts. Antioxidants and cytotoxicity  assays correlated well with flavonoids, vitamins and 

essential metals investigated from extracts. The antidepressant like study in animals indicates 

favorable effectsand provided relaxation to animals from stressed condition in minimum time 

period after treatment with pomegranate extracts.  Furthermore in silico study determined 

mailto:gul.fraz@gaus.edu.pk


92 
 

role of quercetin 3- glucosides ligand by docking with β 2 androgenic protein receptor that 

binds with epinephrine (hormone) was designed. A possible pathway is predicted to reduce 

hypertension linked with epinephrine in blood by minimizing condition of anxietyin human 

population. 

Keywords: Pomegranate,  Chemical analysis , Antioxidants, ,Silico study  



INTRODUCTION 

Punicagranatum L.is belong to family punica and considered as one of the oldest 

edible fruits (Singh, 2002). The pomegranate fruit has been used as medicine from 

ancient time (Gurib-Fakim, 2006) and for the production of fresh juices, 

beverages, jam and jelly as well as flavoring and coloring reagent in food 

industries. Pomegranate is relatively non-toxic even at high doses according to the 

preliminary toxicity assessments .Bark roots and leaves of pomegranate tree are 

medicinally beneficial. The peel extracts contained higher level of phenolic 

constituents while ellagic tannins and ellagic acid are among the potent 

antioxidants  (        ). Ellagitannins have remarkable antimicrobial activity against 

Staphylococcus aureusand some other pathogenic bacteria (Bekiret al., 2013) and 

useful for preparation of natural antibiotics. Antiproliferative effects of 

pomegranate on MCF-7, breast cancer cells and to treat the infection of male or 

female sexual organs, mastitis, acne, pile, allergic and  dermatitis were reported 

earlier (Chandra et al., 2010). Furthermore its effects on stress as indicated by 

increased hormone concentration and enzymatic activities were also reported by 

many research workers . Exposure to over-stress may induce depression and 

negatively alter behavioral, learning and biochemical processes (Gullon et al., 

2016)  . Mood disorders including major depression are potentially life-

threatening illness. Side-effects or losses of desired is common with 

antidepressant drugs ( Kharachoufi et al., 2018) . Pomegranate seeds and peel has 

been shown to possess good antioxidant activity due to presence of polyphenols 

vitamin C and macro elements like potassium, calcium, magnesium, iron, znic and 

manganese (Aviram et al., 2008;  Tehranifar et al.,2010). The purpose of current 

investigation was to evaluate the various bio activities of peels and seeds extracts 

of pomegranate the in vivo and vitro methods as well as quantification of 

phytonutrients with its possible correlation by minimizing hypertension levels 

through molecular docking.  

 

MATERIALS AND METHODS 

Sample collection and preparation 

Fresh pomegranate fruit (punicagranatum L.) were collected from  different areas 

of Kotli sattian  Rawalpindi (Pakistan). All samples were processed for analysis in 

laboratories of UIBB  PMAS Arid  Agriculture Rawalpindi during 2020 to 2021.  
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A specimen (voucher no.136) was deposited at Herbarium Department of Botany 

for future reference. The seed and peel samples of pomegranate were shad dried 

followed by sun and oven dried at 60 ºC. The samples were ground to powder 

form sieve (80 msh). Total 100 grams of dried sample was extracted with distilled 

water, methanol, ethanol and chloroform using soxhlet and rotary evaporator 

procedure. Quantitative analysis 

Total phenols, flavonoid and tannins contents of peel and seed extracts of 

pomegranate were estimated by Folin’sCiocaletu and other colorimetric methods 

(Harbone, 1984; Abbasiet al., 2015). Oil from pomegranate samples were 

extracted with Soxhlet techniques by using methanol, ethanol and chloroform. 

Vitamin were determined by spectrophotometric methods. Macronutrients 

(Sodium, potassium calcium and magnesium) and micronutrients (Iron, zinc and 

manganese) were determined by using method(AOAC, 2000) with the help of 

Atomic Absorption Spectroscopy. 

 

HPLC analysis of extracts was performed using Shimadzu HPLC system (Tokyo, 

Japan) attached with UV/visible detector and C18 column (25mm × 4.5mm, 

5µm). The compounds were eluted using a gradient of acetonitrile and 0.1% 

phosphoric acid (36:64).The injection volume for all samples was 20 µl. 

Flavonoids were monitored at 280 nm and 285nm at a flow rate of 1 ml/min. 

Quercetin was used as a standard and all determinations were performed in 

triplicates. 

 

Brine shrimps cytotoxic assay 

Brine shrimps cytotoxicity assay was carried out to evaluate the cytotoxic effect of 

seeds and peels of extracts of pomegranate by using method already described 

(Ruchet al.,1989). 

 

Determination of antioxidant capacity of extracts in vitro 

The measurement of DPPH radical scavenging activity was performed according 

to methodology described (Moon andShibamoto, 2009; Yu et al.,2005).2,2′-azino-

bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) assay (Ashafa et al.,2010). 

Hydroxyl radical, superoxide and Fe chelating assays were conducted by using 

reported method(Cefarelliet al.,2006). IC50values were calculated from dose 
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response curve. 

 

 

 

Depression study 

Animals, 18 albino mice of either sex (body weight 52.5±1.6g) were purchased 

from National Institute of Health, Islamabad. Animals were housed per cage 

under a normal laboratory condition and had free access to water and food pellets. 

The animals were acclimatized for at least three days before behavioral 

experiment and study was approved by ethical committeeof University constituted 

for animal studies. Immobility induced by tail suspension was measured (Steru et 

al., 1985). Briefly depression was produced by suspending tape on tip of the tail 

of animal .The test was carried out in 6 minutes  duration and immobility period 

was recorded. Immobility period is defined as time spent an absent of limb or 

anybody movements (Except movement caused by breathing).  Any changes in 

the immobility duration were studied after administration of drugs to animals as 

mentioned below. 

 

Experimental design 

Animals were divided randomly into six groups of three  each. Group I: Negative 

control (Animals of this group were given 1 mL of saline water 0.9 % with feed). 

Group 11: positive control (Animals received Fluoxetine 20 mg/kg). Group III 

was provided 100 mg/Kg b.wmethanolic peels extracts. Group IV was given 

methanolic peels 200 mg/kg b.w. Animal of group V got 100 mg/kg methanolic 

seeds extracts .Group VI received methanolic seeds extracts 200 mg/kg 

b.w.Fluoxetinestandard antidepressant drug was administrated intraperitoneally 

(i.p), whereasmethanolic extracts were given to animals orally by gavage.   

 

Molecular docking  

The quercetin 3- glucosides ligand were docked with crystal structure of β- 2 

andrenergic protein receptorthroughVina suit (PyRx, v 0.8) and Automatic server 

Patch dock (online server). The interaction of ligands, 2-D structures (SDF 

format) Quercetin 3-glucoside (Pub Chem:44259229), The receptor structure was 

retrieved from Protein Data Bank (PDB) while ligands were retrieved from Pub 
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Chem and converted into PDB using PyMol. The docking view and surface 

analysis of receptor was conducted using Avogadro tool for geometry 

optimization through energy minimization. Lig Plus for H bond and hydrophobic 

interaction and Chimera v 1.10.2 for docked receptor ligands were used (Morris et 

al., 2009). 

  

 

 

 

 

Statistical analysis 

 

Data obtained after triplicate  of various analysis was further statistically analyzed 

for mean, standard deviation (SD) and average values 

 

 

RESULTS AND DISCUSSION 

Chemical analysis of pomegranate extracts  

Methanolic seeds extracts of pomegranate has provided higher level of total 

phenolics, total flavonoids and tannins, whereas peels extracts has imparted higher 

yields of total oils (Table 1). Table 2 shows water soluble vitamins, macro and 

micro nutrients contents analyzed from peel and seed extracts. 

 

Brine shrimps lethality assay  

Four different dilutions of seeds and peels extracts of pomegranate (100, 200, 400 

and 600 µg/mL) were tested during brine shrimps cytotoxicity assay (Table 3). The 

results revealed the better brine shrimps larvicidal potential and lethality was 

maximum at maximum concentration of extracts and was concentration dependent. 

It was assumed that extracts might be composed of antitumor components in the 

form of essential phytonutrients.  

Tables 1. Quantification of phytochemicals from Seeds and Peels extracts of 

pomegranate 
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Extracts Total 

flavonoids 

(mg 

Quercetin 

/100g) 

Total phenols 

(mg Caffeic 

acid /100g 

Tannins 

(mg/100g) 

Oil 

(%) 

Methanol seed 

extract 

47.12 ± 1.32 215.31 ± 1.23 2.95 ± 0.58 3.4 ± 0.3 

Ethanol seed extract 41.15± 1.02 218.74 ± 2.35 3.53± 0.63 3.5 ± 0.5 

Chloroform seed 

extract 

36.34 ± 0.63 216.25 ± 2.7 2.85 ± 0.52 2.4 ±0.3 

Methanol peel 

extract 

37.16 ± 1.53 124.35 ± 1.26 3.67 ± 0.56 4.3 ±0.4 

Ethanol peel extract 36.12± 1.64 114.75 ± 1.35 3.24± 0.63 4.4±0.6 

Chloroform peel 

extract 

25.35 ± 0.53 112.23 ± 1.56 2.32 ± 0.56 2.5 ±  0.5 

Mean ± SD (n=3). 

 

 

Table 2. Concentration level of Vitamins (mg/dL) and Metals ions (%) in peels and seed 

extracts of Pomegranate. 

Analytes  Peel extract Seed extract 

Ascorbic acid 8.82 ±  0.56 9.73 ± 0.75 

Thiamine  0.18±   0.61 0.43 ± 0.02 

Riboflavin  0.16 ±  0.53 0.12 ± 0.01 

Sodium  2.67±   0.56 3.07±  0.28 

Potassium 205.6± 0.13 225.3± 0.18 

Magnesium   11.84 ±1.46 12.34 ±1.24 

Calcium 8.15  ± 0.62 9.76  ± 0.35 

Iron  0.46  ± 0.04 0.67  ± 0.05 

Znic  0.64 ± 0.01 0.89  ± 0.04 

Manganese  0.15 ± 0.02 0.18 ±  0.05 

Mean ± SD (n=3) 
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Table 3. Cytotoxicity screening of various concentration (µg/ml) extracts of 

pomegranate and % mortality. 

Extracts 

 

100 

mg/ml 

200 

mg/ml 

400 

mg/ml 

600 

mg/ml 

LD50 

Methanol 

pees extract 

40 50 60 80 270.45 

Etanolic 

peels extract 

50 60 80 90 16.27 

Chloroform 

peels extract 

55 70 70 70 324.82 

Methanolic 

seeds extract 

10 30 50 60 14.77 

Ethanolic 

seeds  extract 

20 25 55 65 319.77 

Chloroform 

seeds extract 

30 30 60 70 372.53 

Values are Mean ±SD (n=3) and significantly different (P<0.05);positive control are saline 

sea salt. 

 

 

 

Antioxidant capacity in vitro  

Five methods for the evaluation of antioxidant activities of pomegranate extracts 

were evaluated. However, free radical scavenging activity of methanol seed extract 

determined by  DPPH assay has shown better results (IC50= 15.29±1.49µg/mL) as 

compared to other assays performed (Table 4 ).DPPH assay is a reliable method to 

determined antioxidant capacity of biological substrates. Higher antioxidant 

potential of seeds extracts might be due to combined action of all organic 

compounds present in seeds extracts including flavonoid (quercetin) 

Table 4.Antioxidant effects of peels and seeds extracts of Pomegranate (IC50 

values µg/mL) 

Extract 100 DPPH H2O2 ABTS Reducing power Iron chelation 
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µg/mL 

Ethanolic 

peel extract 

28.25±2.21b 44.51±1.18b 42.92±1.51b 66.03± 2.14b 36.31± 1.38b 

Methanolic 

peel extract 

16.28±1.45a 38.25±2.17ᵅ 39.52±2.31ᵅ 63.19± 2.54 a 25.52± 2.34 a 

Aqueous 

peel extract 

 

36.35±0.48  46.62±2.81 47.21±1.73 71.45± 2.66  46.09± 1.17  

Ethanolic 

seed extract 

26.19±1.28b 43.56±2.18b 45.72±3.81b 68.53± 2.06b 36.32± 1.35b 

Methanolic 

seed extract 

15.29±1.49a 41.22±2.15ᵅ 38.52±2.33ᵅ 61.19± 3.15 a 24.65± 1.36 a 

Aqueous 

seed extract 

34.13±2.11 52.43±3.45  46.21±2.31 92.16± 3.64 41.35± 1.27 

Ascorbic 

acid 

8.25±0.72b 7.52 ±0.39b 6.34±0.35 Þ 11.35 ±1.17 Þ 35.06± 1.28b 

Gallic  acid 3.93±0.38 a 1.68±0.23 a 1.23±0.34 a 2.35±0.38 a 20.38±1.38 a 

Means ± SD, (n = 3), whereas ᵅ = p<0.01,Þ= p<0.05   ; a  higher values , b lower values   

In Vivo antidepressant study  

The results indicates that there was no mortality at higher doses of drugs after 72 

hours. The dose of 100 mg/kg extracts had provided little change in immobility 

period, however, by increasing dose up to 200 mg/kg, especially methanolic seed 

extracts has provided significant antidepressant effects those were comparable to 

standard drug fluoxetine (Table 5). Tail suspension test (TST) is widely used to 

screen new antidepressant drugs. 

Table 5.Antidepressant like activity of seeds and peels extracts on immobility 

period (second) of rats using tail suspension test. 

Group  Drugs Pre treatment   Post treatment  
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1  Negative control (saline 

0.9 %)  

195.4 ± 2.5 193.5±2.7 

2 

 

Positive control 

Fluoxetine ( 20 mg/kg ) 

185.8 ±1.6  175.6 ±1.6 S 

3 Methanolic peels extract 

100 mg/kg 

189.6 ±1.3 184.5 ±1.7 

4 Methanolic peels extracts  

200 mg /kg 

187.5 ±2.6 181.6 ±2.1 

5 Methanolc  seeds extracts 

100 mg/kg 

185.7 ±1.5 179.5 ±1.8 B 

6 Methanolic seeds extracts 

200 mg/kg 

182.6±2.6 176.8 ± 2.4 A 

Values are Mean ± SD (n=3). Higher effects methanolic seed extracts (A and B) as 

compared to standard drugs (S) to overcome depression condition of animals. 

Molecular docking  

A ligand of quercetin glycosides was prepared, the active sides of ligand 

conformation in β- 2 anderenergic receptor was based on its polar interaction (Fig.2 

ABC). The docking results indicated binding of the ligand with active sides of the 

receptor at Glu 107, Cyst 106 , 184 and 191, Thr110, 174 and 185,Arg 175, Ala 

181 and Asp 192. A protein cavity becomes active after interaction with a ligand 

that may create further activation or inhibition of protein activity.The beta-2 

adrenergicreceptor also known as ADRB2binds with epinephrine 

(neurotransmitter) whose interaction to calcium channel possibly mediated 

throughphysiologic responses probably like smooth muscles relaxation. It was 

documented by some earlier studies that if quercetin, vitamin C and macro nutrients 

like potassium and calcium consumed through fruits and vegetables, may diminish 

level of hypertension and epinephrine in blood. That consequently reduces the level 

of anxiety (depression)in effected person and provides relief from prevailing stress 

condition. 
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 A                                                      B                                                   C 

 

Figure 1. Model of molecular docking  

 

 

Results obtained in present study indicates that seeds and peels extracts of 

pomegranate possess lower level of cytotoxicity which indicates suitability of 

these extracts for drugs preparation promising level of antioxidant activities of seed 

and peels extracts shows relationship of flavonoids, phenolics and tannins 

quantified from extracts. Analysis revealed that major compound was quercetin 

which together with tannins especiallyellagic tannins are likely to be main 

antioxidants 

Where as quantification of oil explored importance of pomegranate fruit that might 

be comprised of essential and non-essential fatty acids those have health benefits 

for consumer. Antidepressant like activity of pomegranate extracts might be due to 

presence of water soluble vitamins (Vitamin C, thiamine and riboflavin), micro and 

macro nutrients those imports favorable effects on muscles relaxation and helpful 

to reduce level of anxiety in effective subject. 

Oxidative stress is considered as roadmap leading to different human disorders, 

however, toxic effects of reactive oxygen and nitrogen species is balance with 

antioxidants comes through foods especially through fruits and vegetables (Sing  et 

al.,2002; Yu  et al., 2005). Results obtained in current study about antioxidant 

potential of pomegranate extracts are comparable with results reported by other 

authors (Negiand Jayaprakasha, 2003;Elfalleh et al. 2012). 

Our results suggestedcorrelation between antioxidant and antidepressant activities 

of pomegranate extracts. Flavonoids, vitamin C potassium and calcium possess 

many biochemical properties, can prevent damaging process caused by oxidative 

stress leading to development of cancer and similar other infection in human body 

(Morris et al., 2009). There are different causes of stress in human body that could 

be due to hypertension, environmental and hereditary factors those are producing 

symptoms of depression. Daily use of fruits those having higher levels of 

flavonoids, vitamin C and essential metals may provide antidepressant effects. 

Molecular docking study indicates binding of quercetin with beta -2 adrenergic 

receptorthatshows association with glutamine, cystine threonine, tyrosine, arginine 

and alanine indicating possible hydrophobic and hydrophilic sites for interaction 
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between small molecules (ligands) and protein at the atomic level(Hinaet al., 

2017). Therefore use of fruits that contained higher level of flavonoids (Quercetin) 

may help to minimize level ofvarious parameters those create stress or hypertension 

(Acharya et al., 2010). 

CONCLUSION   

Pomegranate is an important fruit that contains flavonoids (quercetin), water 

soluble vitamins (vitamin C), essential fatty acids and metals that as a group act as 

antioxidants, inhibits growth of cancer cells, and may also provide antidepressant 

like activities. Our results suggests that consumption of pomegranate fresh fruits 

provides many health benefits and justified its use in ethno medicines. 
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ABSTRACT 
Pakistan is bestowed with an extensive variety of agro-climatic conditions, 

varied from tropical to temperate; allow 21 unique varieties of fruits to grow. Citrus 

is an important fruit within the economically important Rutaceae family and is 

cultivated in Pakistan on a 20.0461 thousand ha with production of 2.29 million 

tons per year. The major varieties viz. the lemon, sweet orange, 

kinnow, grapefruit grow in three provinces area of Pakistan, such as Baluchistan, 

Khyber Pakhtunkhwa, and Punjab especially in Potohar region. Despite of its 

fantastic capability in Pakistan, the excellent of its fruit is some distance not as 

good as the alternative Citrus producing nations of the world. Presently, Citrus end 

results are stricken by pathological troubles and its excessive deciduous is certainly 

one of primary thing, in the direction of reduced extraordinary after harvest.  

Among these pathological elements, fungal decay causing pathogens is the 

principle cause of postharvest diseases of Citrus cease result after harvesting, 

delivery and accountable for decreasing the shelf lifestyles of Citrus which 

adversely have an effect on the marketplace value of fruits. Several synthetic 

compounds are being used to control these decay causing pathogens but these 

synthetic compounds reveal harmful residues on fruits that have hazardous effects 

on human health and environment. There is a dire need of the time to find out some 

alternative control methods that must be eco-friendly and safer to human health. 

Therefore, now the study is to assess the ability use of extracted essential oils of 

plants from different plant parts, chitosan and baking yeastin order to control the 

pathogens in-vitro and on Citrus Fruit to enhance the fruit quality and 

marketability. 

Keywords: Citrus; Penicilliumdigitatum;Essential Oil; Chitosan; Baking Yeast; 

INTRODUCTION: 

Citrus is an essential and an extensively grown fruits inside the global and 

Pakistan is a country having high production of citrus around world. The Citrus as a 

genus belongs to the family Rutaceae is local to East Asia. Citrus is grown in 

subtropical and tropical location of the arena (Wu, Guohong., 2017). There are 

many edible species around the world in the genus citrus which are economically 
very important. (Reiger., 2006). Citrus, is economically critical plant life, this 

genus of citrus has many species and each specie has many varieties some of the 

varieties of high production are; the grapefruit (C. Paradisi), sweet orange (C. 

Sinensis Citrus lime (C. Aurantifolia),), shaddock (C. Maxima), lemon (C. Limon), 

Kinnow (C. Reticulata), and citron (C. Medica).  (S Singh., et al 2009). Sweet 

oranges mostly grow and firstly grow in sub-continent Pak-Hind, mandarins in 

https://www.britannica.com/plant/lemon
https://www.britannica.com/plant/orange-fruit
https://www.britannica.com/plant/grapefruit
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China. Citrus fruit had been added to the new global inside during 1400s and early 

1500s (Reiger, 2006). In 2019-20, international production of oranges turned into 

envisioned to be 47.5 million tons, led by way of Brazil, Mexico, the European 

Union, and China as the most important producers. (FAO., 1967). 
 In Pakistan, fruits and vegetables are extensively grown all over the 

country. Citrus is  producing in all of the provinces of Pakistan, But mainly in 

Province Punjab five districts, Sargodha (Bhalwal), Toba Tek Singh, 

MandiBahauddin, Sahiwal, Khanewal, Cover total area under cultivation 60% and 

production of Citrus is 65%. The place and production beneath fruit increased with 

the aid of 22.7% and 21.1%, respectively, at some point growers produce high 

production of citrus around the year 2005-06,  and overall vicinity beneath fruit 

timber by myself was 0.8 million ha (MINFAL, 2006). By MINFAl (2006) the 

annual production of citrus was 2.4 million ha on the area of 1.9 lac ha.  

Since the creation of Kinnow mandarin (Citrus reticulate Blanco.), Pakistan 

produced 1.62 million tones citrus, which multiplied to 2.4 million in 2014 and 
2015. (FAO 2016), the production of citrus is increasing as the demand of the 

world said by Khan in 1992. For domestic purpose and for trade citrus is an 

important fruit. However; its also an account of its nutritional price.  

Some Synthetic fungicides has been used by growers for the first safety or 

prevention by pathogen or diseases, include Imazalil, thiabendazole, pyrimethanil 

observed by Smilanick et al., in 200), prochloraz observed by Danderson, in 1986, 

and guazatine discovered by FAO in 1997). Recently, researchers have proven an 

hobby inside the software program of non-toxic (T. Regnier). In the competition of 

fungicides and residual effects of fungicides, Plant extracts, inclusive of extracted 

essential oils, were investigated as possibility measures in opposition to 

pathological problem in plants (Klieber et al., 2002). Regnier et al. (2008) 

discovered the In-vivo method  that change of fruit coatings using some effective 

oil of Lippiascaberrima, containing (d)-limonene, R-(−)-carvone and 1,eight-

cineole as vital materials (Combrinck et al., 2006). Essential oils and their additives 

are gaining developing interest due to their enormously at ease fame, their good 

sized attractiveness by using way of clients, and their effectiveness for ability 

multi-cause practical. (Ormancey,et al., 2001; Tripathi,et al., 2008 ).  

essesntial oil 
Post-harvest losses particularly due to fungal invasions are much more 

significant for highly perishable fresh fruits and vegetables than for cereals and 

other field crops. Because of their high moisture content, fresh fruits and vegetables 

are highly susceptible to attack by different pathogenic fungi. Maximum research 

efforts have been directed towards chemical control of post-harvest diseases of 

fruits and a large number of synthetic chemicals are used. However, due to the 

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2012.00201.x#b47
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development of new physiological races of pathogens, many of these synthetic 

chemicals are gradually becoming ineffective (Delp 1980; Spotts& Cervantes 

1986). Further, the use of synthetic chemicals to control post-harvest deterioration 

of food commodities is restricted, due to their possible carcinogenicity, 

teratogenicity, high and acute toxicity, long degradation periods, environmental 

pollution and their effects on human beings (Lingk 1991).  

In recent years, the study and use of chemicals from natural sources 

(particularly of plant resources) which are non-toxic and specific in their action are 

gaining attention as alternative chemical control measures. Higher plants contain a 

wide spectrum of secondary substances viz. phenols, flavonoids, quinones, tannins, 

essential oils, alkaloids, saponins and sterols. Such plant chemicals may be 

exploited for their different biological properties (Wain 1977; Mahadevan 1982). 

Biologicals, because of their natural origin, are biodegradable and mostly do not 

leave toxic residues or byproducts to contaminate the environment. Some 

phytochemicals of plant origin viz. azadirachtin, pyrethroids, carvone (trade name 

TALENT) have been formulated as botanical pesticides and are used successfully 

in integrated pest management program as botanical pesticides. The antimicrobial 

effects of essential oils or their constituents on plant pathogens have been quite 

extensively studied on artificial media during in vitro trials (Bishop & Thornton 

1997). There are, however, not many reports based on in vivo experiments 

comprising a complete host-pathogen system. It is not always possible to correlate 

the practical applicability of a substance as a fungicide based on in vitro trials only. 

Many volatiles probably affect the host as well as the pathogen. In vitro testing of a 

plant product as an antifungal agent alone will not be sufficient to attract 

agrochemical firms for their formulation as botanical pesticides. 

In this reference, the oil of lemongrass (Cymbopogoncitratus L.) has suggested 

as antifungal against the numerous plant pathogens. Fungal spore suspension, spore 

germination period of C. Herbarium, B. Cinerea, and R. Stolonifer became 

inhibited by using lemongrass oil treatments (Tzortzakis and Economakis 2007). 

chitosan 
Chitosan, a natural biopolymer with antifungal and eliciting properties, also, 

a common food additive with antifungal properties, able to reduce postharvest 

decay of fruits. 
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Vegetables was reported by many investigators (Xianghong and 

Shiping,2009 ; Abd-El-Kareem, et al.,2002). Chitosan has become a prospective 

alternative treatment for fruit and vegetables due to its natural character, 

antimicrobial activity, and elicitation of defense responses in plant tissue (Cheah, et 

al., 1997 ). 

Chitosan has been used to control postharvest diseases of many fruits such 

as pear (Meng,et al., 2010), strawberry (El- Gaouth,et al., 1992, Morsey, et al., 

1999) ;table grape (Granfrance et al., 2007, Ait Barka,et al., 2000), tomato (Liu et 

al., 2007; Ben-shalom, et al., 2003; Bdawaya and Rabeab,2009), citrus (Abd-El-

Kareem,et al.,2002,Chen, et al.,2007; El- Mohamedy,2008), and longan (Jang and 

Liu,2001).cucumber (Ben-Shalom,et al., 2007; Bhaskara,et al., 2000 ;) The 

antifungal activity of chitosan were examined against fungi including 

Penicilliumdigitatum, Penicilliumitalicum, Botrydiplodialecanidion and Botrytis 

cinerea. Hongyin, et al., (2011) indicated that chitosan significantly inhibited the 

decay of citrus fruit caused by Penicilliumdigitatum, Penicilliumitalicum, 

Botrydiplodialecanidion, and Botrytis cinerea after 14 days storage at 25 °C, and is 

more effective than TBZ(fungicide). 

Yu,et al. (2007) found that chitosan applied alone or with Cryptococcus 

laurentii could effectively inhibit the blue mold rot caused by Penicilliumexpansum 

in apple fruit after seven days of incubation at 20°C. 

Baking Yeast 
The term “yeast” was derived originally from the Dutch word “gist,” which 

refers to the foam formed during the fermentation of beer wort. Other words 

referring to yeast, such as the French word “levure,” refer to the role of yeast in 

causing bread dough to rise. Few other microbial organisms match the yeasts in 

terms of historical, economic, and scientific significance. In addition to their role in 

the production of fermented foods and beverages, the yeasts play various roles in 

livestock feeding and veterinary practices as well as in medicine and the biomedical 

and pharmaceutical industries. One of these roles consists primarily of antagonizing 

other microorganisms such as undesirable yeasts, molds, and bacteria. The 

inhibitory activity of yeast was discovered first by Hayduck (1909). Somewhat 
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later, other researchers reported the antagonistic action of yeasts against other 

yeasts. 

Involving the production of secondary metabolites known as killer toxins or 

“mycocins” (Young and Yagiu, 1978; Rosini and Cantini, 1987; Walker et al., 

1995; Suzuki et al., 2001; Marquina et al., 2002). In summarizing the antimicrobial 

effects of yeasts present in fermented foods and beverages, Viljoen (2006) 

mentions actions of organic acids, antibiotic factors, volatile acids, hydrogen 

peroxide, and various other substrates excreted in the product. However, there has 

been relatively little study devoted to identifying the mechanisms of inhibition by 

yeasts.  The main objectives of this study: Evaluation of antifungal activity of 

Essential Oil, Chitosan, Baking Yeast through Poisoned Food Technique., 

Application of Appropriate treatment on citrus fruits for postharvest management 

of Penicilliumdigitatum. 

MATERIAL AND METHODS 

Collection OfPenicilliumSpp Culture

Penicilliumspp isolate PdFL1 has been taken from fungal Plant Pathology Laboratory, 

Department of Plant Pathology, PirMehr Ali Shah Arid Agriculture University 
Rawalpindi for further process. 

Collection of Plant Material 

Seeds of Foeniculumvulgare (Fennel), leaves of Tageteserecta (Marigold) 

collected from herbal store. Chitosan andSaccharomyces cerevisiae (Baking Yeast) 
obtained from the Metro stores Islamabad. 

Table1.1: Selected Agents, Scientific names, Plant parts for preparation of Essential 

oil and other treatments. 

Selected Agents Scientific Names Plant Parts 

Marigold Plant Tageteserecta Leaves, Flower 

Fennel Plant Foeniculumvulgare Seed 

Chitosan Chitosan Powder 

Baking Yeast Saccharomyces cerevisiae Powder 

Preparation of Essential Oils  
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Leaves of Tageteserecta (Marigold) and seeds of Foeniculumvulgare (Fennel), 

dried under shade for 4-5 days to attain the specified shape. By using Grinder 

(PascallMotorisedPestel& Mortar, Machine No. 20069).To weigh down these 

botanical substances to attain high-quality powder. Then, Essential oils were extracted 

by using Soxhlet's equipment by adopting protocol (Lu and He, 2010).  The obtained 
Essential oils in sterilized glass vials stored at  
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In-vitro screening of selected bio-agents against penicilliumdigitatum. 

 Poisoned food technique was used for in vitro evaluation of plant essential oils 

(EOs), Chitosan and Baking Yeast against Penicilliumdigitatum pathogen of citrus 

followed by (Perrucci et al., 1994; Prakash, Kedia, Mishra, &Dubey, 2015; Singh, 

Dikshit, Sharma, & Dixit).  

Essential Oils 

  Two essential oils were used, (a) Marigold and (b) Fennel by preparing the 

three different concentrations at (200, 400, and 600PPM).  

The concentrations of the critical Then dissolve the requisite quantities in 0.5 ml of 

0.1% Tween 80 in Distilled Water and then mixed with 9.5 ml of Potato Dextrose 

Agar medium.  

 

Chitosan 

The Chitosan powder blends with in 100ml of Distilled water with different 

concentrations (0.2g, 0.4g, and 0.6g). Then, dissolved 0.5ml of the solution (Chitosan 

with Sterilized Distilled water) with different concentration in 9.5ml of Potato 
Dextrose Agar medium. 
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Baking Yeast 

 The Baking yeast powder blend inside the 100ml of Distilled water at three different 

concentrations (0.2g, 0.4g, and 0.6g).Then, dissolved 0.5ml of the solution (Baking 

yeast with Sterilized Distilled water) with different concentration in 9.5ml of Potato 

Dextrose Agar Medium. 

The Mycelial Radial Growth has been observed after 7 to 10 days by using following 

formula: 

Mycelial Radial Growth Inhibition (MRGI %) =            dC - dT × 100 
 dC 

“dc” presenting the mean diameter of control. 

“dt” presenting the mean diameter of treatment. 

Application Of Effective Treatment On Citrus Fruits For Postharvest 

Management Of PenicilliumSpp 
  After in-vitro screening of all the selected agents (Essential oils, 

Chitosan and Baking Yeast). Apply the most effective treatment from all the selected 

agents on citrus fruit for the management of Penicilliumdigitatum. The mature and 

wholesome fruits used for the test. The fruit sterilized from surface by running water 

with 0.1% NaOCl for 2min accompanied through washing in distilled water two 

times. 

  The trial was done by two different techniques, Curative Technique and 

Preventive Technique. (Wilma du Plooya,. et al 2009). 
Effective Treatment from selected agents was used for its application on 9 fruits of 

citrus against fungal activity of Penicilliumdigitatum that was already in the pure 

form. 

In preventive method, On First day, the effective selected agents was prepared in 

500ml distilled water with 1% tween 80 solution and dip the  wounded fruits one in 

each concentration of oil for 3 mins, dry it for overnight. On second day then made the 

inoculum of 40µl of spore suspension (105 spores/ml) of Penicilliumdigitatium and 

then wounded the treated fruits and dip in the spore suspension for 3 mins. 

In Curative technique, The inoculum of 40µl of spore suspension (105 spores/ml) of 

Penicilliumdigitatium and then wounded the treated fruits and dip in the spore 

suspension for 3 minutes and leave it overnight for dry at 20⁰C. On the second day, the 
effective selected agents was prepared in 500ml distilled water with 1% tween 80 

solution and dip the  wounded fruits one in each concentration of oil for 3 mins, dry it 

for overnight.  
Statistical Analysis 

 All the experiments will be replicated four time and data sets will be statistically 

analyzed using SPS software. The statistical level of significance will be fixed at 

P\0.05. The design Complete Randomized Design two factorial will be used.

resultS and discusioN 

 

Evaluation of Selected Bio-Agents against PencilliumDigitatumPost-Harvest 

Pathogen of Citrus
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Poisoned food technique was used for in vitro evaluation of two plant Essential oils (EOs) at 

different three concentrations (200PPM, 400PPM, and 600PPM), Chitosan at different three 

concentrations (0.2g, 0.4g, and 0.6g), Baking Yeast at different three concentrations (0.2g, 0.4g, 

and 0.6g) respectively.  

 

Efficacy of Plant Essential Oils against Penicilliumdigitatum. 

 Essential oils extracted from Marigold (Flower and Leaves) and Fennel (Seed) by running 

Soxhlet Apparatus for 06 hours, stored in Refrigerator at 04 ℃. 
Then apply on pathogen by Poisoned Food Technique at three different concentrations and each 

have three replications with control. The effect of both plant essential oils on mycelial growth 

inhibition of Penicilliumdigitatum(PdFL1) tested In-vitro at three different concentrations 

(200PPM, 400PPM, and 600PPM).Mycelial radial growth of Marigold at three different 

concentrations  (200PPM, 400PPM, and 600PPM) showing results of In-vitro screening (M1G1, 

M2G2, and M3G3) and Mycelial radial growth of these Treatments was (52, 51, and 0%) 

respectively. Mycelial radial growth of Fennel at three different concentrations  (200PPM, 

400PPM, and 600PPM) showing results of In-vitro screening (F1G1, F2G2, and F3G3) and 

Mycelial radial growth of these treatments was (84, 55, and 20%) respectively. 

Table 1. Showing result of mycelial radial growth of both essential oils against Penicillium 

digitatum. 

Concentration Essential Oils Control 

Fennel Marigold 

200PPM F1G1 84% M1G1 52% 0% 

400PPM F2G2 55% M2G2 51% 0% 

600PPM F3G3 20% M3G3 0% 0% 

 

  From all the three different concentrations of both essential oils (Fennel and 

Marigold) (200PPM, 400PPM, and 600PPM).600PPM of Marigold showing effective results 

against Penicilliumdigitatum. There’s no growth of pathogen at 600PPM concentration of 

Marigold.  The 600ppm would be the one of effective treatment from all the treatments, 

because it retarding the growth of pathogen of Penicilliumdigitatum. The 600ppm 

concentration plate is showing by M3G3. In this M is representing the Marigold and G is a 

term to differentiate according to the method. 
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Figure2.  In-vitro screening of Marigold and Fennel Essential oil results against 

Penicilliumdigitatum 

 

Efficacy of Baking Yeast against Penicilliumdigitatum. 

 Powder of Baking Yeast purchased from market. Then apply on pathogen by Poisoned Food 

Technique at three different concentrations (0.2g, 0.4, and 0.6g) in 100ml with control. 

The effect of Baking Yeast on mycelial growth inhibition of Penicilliumdigitatum(PdFL1) tested 

In-vitro at three different concentrations (0.2g, 0.4, and 0.6g) in 100ml  (Y1G1, Y2G2, and 

Y3G3) and Mycelial radial growth of these Treatments were (72, 65, and 45%) respectively.  

 Table 1. Showing result of mycelial radial growth of Baking Yeast against 

Penicilliumdigitatum. 

 

 

 

 
 

 
 

Figure3. In-vitro Baking Yeast results against Penicilliumdigitatum 

         Efficacy of Chitosan against Penicilliumdigitatum 

  Powder of Chitosan purchased from market. Then apply on pathogen by Poisoned Food 

Technique at three different concentrations (0.2g, 0.4, and 0.6g) in 100ml with control. 
  The effect of Chitosan on mycelial growth inhibition of Penicilliumdigitatum(PdFL1) 

tested In-vitro at three different concentrations (0.2g, 0.4, and 0.6g) in 100ml  (C1G1, C2G2, and 

C3G3) and Mycelial radial growth of these Treatments were (77.7, 64.5, and 53.4%) 

respectively.  

Table 2. Showing result of Mycelial radial growth of Chitosan against Penicilliumdigitatum. 

Concentration in 100ml Essential Oils Control 

0.2g Y1G1 72% 0% 

0.4g Y2G2 65% 0% 

0.6g Y3G3 45% 0% 
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Concentration in 100ml Essential Oils Control 

0.2g C1G1 77.7% 0% 

0.4g C2G2 64.5% 0% 
0.6g C3G3 53.4% 0% 

 

 

 
Figure 0. In-vitro Chitosan results against Penicilliumdigitatum 

   

    From all the three selected agents (Essential oils, Chitosan, Baking Yeast) 

different concentrations of both essential oils (Fennel and Marigold) (200PPM, 400PPM, 

and 600PPM). Chitosan at different concentration (0.2g, 0.4g, and 0.6g) and Baking Yeast 

at different concentration (0.2g, 0.4g, and 0.6g). 600PPM of Marigold showing effective 

results against Penicilliumdigitatum. There’s no growth of pathogen at 600PPM 

concentration of Marigold.   

Application of Effective Treatment On Citrus Against PenicilliumDigitatum 

Post-Harvest Fungal Pathogen Of Citrus 
    The effective treatment from selected agents (Essential Oils, Chitosan and Baking 

Yeast) by Poisoned Food Technique for the management of Pencilliumdigitatum was 

Marigold Essential oil.   

  Apply the most effective treatment (Marigold Essential Oil) from all the selected agents on 

citrus fruit for the management of Penicilliumdigitatum. 
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Figure5. Dipping of fruits in Inoculum (Penicilliumdigitatum) for 03 minute and Treatment of 

Marigold Essential oil) 

 

 The mature and wholesome fruits used for the test. The fruit sterilized from surface by running 

water with 0.1% NaOCl for 2min accompanied through washing in distilled water two times. 

The trial was done by two different techniques, (a) Curative Technique and (b) Preventive 

Technique. (Wilma du Plooya,. et al 2009). 

Effective Treatment from selected agents was used for its application on 9 fruits of citrus against 
fungal activity of Penicilliumdigitatum that was already in the pure form. 

Preventive Method 

  In preventive method, on First day, the effective selected agents (Marigold E.O) was 

prepared in 500ml distilled water with 1% tween 80 solution and dip the  wounded fruits in three 

different concentrations (200PPM, 400PPM, and 600PPM) of Essential oil for 3 mins, dry it for 

overnight. On second day, the E.O treated fruits dip in spore suspension(105 spores/ml) of 
Penicilliumdigitatum for 3 mins. 

Decaying results of citrus fruits after the 1st day at room temperature on three different 

concentration (200PPM, 400PPM, and 600PPM) shows (0%, 0%, and 0%) respectively. 

Whereas, on 7th day decaying results was recorded at room temperature on three 

different concentration (200PPM, 400PPM, and 600PPM) shows (5%, 2%, and 0%) 

respectively. Whereas, on 14th day decaying results was recorded at room temperature on 

three different concentration (200PPM, 400PPM, and 600PPM) shows (14%, 9%, and 

0%) respectively.  

Table 3. In Preventive Method, Decaying of citrus fruit after applying (Treatment 

and Pathogen) on 1st day, 7th day and 14th day. 

Days Concentration 

in 100ml 

Essential Oil Control 

Day 01 200ppm C1M1 0% 0% 

400ppm C2M2 0% 0% 

600ppm C3M3 0% 0% 

Day 07 200ppm C1M1 5% 0% 

400ppm C2M2 2% 0% 

600ppm C3M3 0% 0% 

Day 14 200ppm C1M1 14% 0% 

400ppm C2M2 9% 0% 
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 600ppm C3M3 0% 0% 

 
Treatment 

Figure 6. Preventive Method, Application of Effective 01,07 & 10 Day) 

 

         

  Curative Method 

   In Curative method, dip the sterilized wounded citrus fruits in spore 

suspension(105 spores/ml) of Penicilliumdigitatum for 3 mins and leave the fruits for 
overnight. On second day, Pathogen treated fruits diipp in the three different 

concentration of effective agent (Marigold E.O) for 3 mins. 

  Decaying results of citrus fruits after the 1st day at room temperature on three 

different concentration (200PPM, 400PPM, and 600PPM) shows (0%, 0%, and 0%) 

respectively. Whereas, on 7th day decaying results was recorded at room temperature on 

three different concentration (200PPM, 400PPM, and 600PPM) shows (8%, 5%, and 0%) 

respectively. Whereas, on 14th day decaying results was recorded at room temperature on 

three different concentration (200PPM, 400PPM, and 600PPM) shows (22%, 16%, and 

4%) respectively. 

Table 4. In Curative Method, Decaying of citrus fruit after applying (Treatment and 

Pathogen) on 1st day, 7th day and 14th day 

Days Concentration 

in 100ml 

                   Essential Oil Control 

Day 01 200ppm C1M1 0% 0% 

400ppm C2M2 0% 0% 

600ppm C3M3 0% 0% 

Day 07 200ppm C1M1 8% 0% 

400ppm C2M2 5% 0% 
600ppm C3M3 0% 0% 

Day 14 200ppm C1M1 22% 0% 

400ppm C2M2 16% 0% 

600ppm C3M3 4% 0% 
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Data was collected at different interval of date in Curative method, after 01st Day, 07th 

Day, and 14th Day. Data showing the decaying of fruits and effectiveness of Treatment 

against decaying of pathogen on citrus fruits.As concentration increase decaying by 

pathogen decrease. 

 

Figure 7.  Curative method Application of Effective treatment (01st,07th, 14thDay) 
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CONCLUSION  

Penicilliumdigitatum observed as a destructive post-harvest fungal pathogen of citrus causing 

mold on fruit.  From all the selected agents (Essential oils, Chitosan and Baking Yeast) the 

Marigold E.O observed as best treatment against Peniclliumdigitatum on citrus.  

 Marigold E.O with concentration 600PPPM ranked best as anti-fungal compound against 

Penicilliumdigitatum on citrus fruit. Due to its promising results, it can be recommended as a 

natural fungicide against other decaying pathogens of citrus. Moreover, it can also be used for 

increasing the shelf life of other citrus varieties. 

 

The results represent the Marigold Essential oil efficacy are initial findings. Evaluation of 

product activity should be continued in the field to determine its efficacy, activity spectrum, and 

to estimate the economic aspect of its use. 
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