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ABSTRACT: 

Swertia chirayita is medicinal plant which is widely used by Ayurvedic physicians because 

it contain many natural ingredients which are useful to cure many diseases.A study 

conducted to quantify the phytochemical from the plant. The Antioxidant activities of  

various extracts assessed by using DPPH assay while antimicrobial activities evaluated  

against bacterial strains by comparing with standard antibiotics.Finally on the   basis  of 

phytochemicals available in plants its bioactivity correlated  further  for its scientific use and 

development of lead compounds those required for human ailments. 
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     INTRODUCTION 

 

  The basic needs of  primary health care  system  depends on availability of different drugs 

in the market. Traditional medicine is still the most manageable and affordable  source of 

treatment. Different diseases treated by the medicinal plants in better way, either in the form 

of  pure active principles or natural ways and sporadically used curative  tonic  in the 

developing countries. In the family Gentianaceae   Swertia, a genus which comprise a huge 

group of annual and perennial herbs, expressing about 135 species. Swertia species have 

common ingredients for  number of herbal remedies (  Abbasi et al., 2915; Adedapo et al., 

2009 ).Recorded 40 species of swertia in india, out of which  chirayita is the most beneficial 

for its  therapeutic  actions. In 1993 Edward showed that prevalent uses of chirayita in 

traditional medicine  give rise to  over-exploitation from the natural environment. 

Ethnomedicinal  studies identified swertia most  bitter herb  in its taste due to the existence 

of different chemical ingredients ( Newman and Crag, 2012).  

The  swertia   chirayita used as a drug constitutes whole plant in dried form collected in its 

flowering stage. The chirayita is known as a trade name  and also the local name of the 

plant. 

  Swertia is well known for swiftly lowering fevers from colds and flues particularly malarial 

fever  ( Adedapo et al., 2009). Swertia is a powerful anti-inflammatory agent making it good 

for joint disease, swelling, pain, and redness. Swertia is excellent remedy for rheumatoid 

arthritis.  

Swertia also works well for treating liver cihrosis  and also does a good job of detoxing the 
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liver. Swertia also increases metabolism thus helping with weight loss(Beauchamp and 

Fridovich,1971)      

. Swertia has good antidiabetic ,antianemic properties.Swertia species have xanthones as 

secondary metabolites which are used effectively to treat malarial fever and tuberculosis 

(Cefafelli et al., 2006; Demirtas et al., 2009). Scientists study antimicrobial activity of plant 

extracts when they agreed that conventional medicine can act as a substitute of healthiness  

as well as  used as antibiotic (Dillard and German,2000)  . Therefore keeping in view the 

importance of this herb current study designed to evaluate the phytochemical evaluation of 

swertia chirayita and invivo assessment of its bioactivity (Dufour et al.,2000; Flohe and 

Gunzler,1984). 

 

MATERIALS AND METHODS 

 Collection and preparation of plant samples  

 

Samples of swertia chirayita were  collected from  hilly area of  Murree,  in fine 

plastic bags duly labelled with data and time of collection of samples . After transportation 

of samples    to laboratory , samples were properly identified by  expert  taxonomist   and 

specimen was deposited for future reference  (voucher no. 137 ).  Samples  were subjected 

to shad dried follow by sun and oven drying  at  lower temperature. Dried samples were 

ground to powder form and stored at lower temperature till  further uses (Newman and 

Cragg,2012).  

 QUALITATIVE ANALYSIS OF PHYTONUTRIENTS: 

 

Qualitative assessment of flavonoids, alkaloids, phenols, tannins, saponins glycosides, 
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terpenoids and steroids was  carried out in the precise ways ( Harborne, 1998).  

 Test for alkaloids 

  Sample of  0.5 to 0.6 g    finally mixed with  1%HCL of  8ml,  filtered. Filtrate  of 

 2 ml  were taken and  reacted with reagents ( Abbassi et al., 2015 ),  turbidity or 

precipitation showed the presence or absence of alkaloids. 

  Test for proteins. 

a) Ninhydrin test:  Crude extracts for protein test was heated with 2 ml of 0.2 %  Ninhydrin 

solution and violet coloration specified the occurrence of proteins and  amino acids. 

 

Test for reducing sugars 

a) Fehling’s test: Fehling A and Fehling B reagents combine   by equal parts and 2 ml from 

infusion taken further  added  to extract and   heated till boiling. Reducing sugars identified 

by the appearance of reddish precipitate.  

 Test for carbohydrates 

a) Benedict’s test:   Benedict’s reagent of 2ml added in the sample and heated till boiling, 

magenta brownish precipitate seen  showed the   occurrence of the carbohydrates. 

b) Molisch’s test: Sample was made with 2.5 ml of  Molisch’s reagent and , 2 ml of 

concentrated H2SO4 was  transferred  to the test tube. violet ring will be formed  at the 

junction of  test tube indicating carbohydrate presence. 

  Test for Iodine 

  Iodine solution of 2ml added in the prepared sample. A dusky dark blue  pigmentation 
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showed the iodine  indication. 

  Test for Saponin 

   Sample of 0.4-0.5 g  was mixed in hot water in the test tube. Test tube will show mixture 

vigorously forming foam and the elevation of the foaming was noted to define the saponin 

amount in our sample. 3 drops of olive oil was added to the frothing   and  mixed strongly 

for the development of suspension , representative of saponins. 

 Test for flavonoids 

a. Alkaline reagent test: 

 A solution of 2% of NaOH  was added to Crude extracts of samples. Only few drops 

of acid give rise to yellowish colour mixture change into colorless form, directed the 

characteristic of flavonoids ( Harborne, 1998). 

  ANTIOXIDANT ASSAY 

 

DPPH radical scavenging activity assay   

 Each sample of 4mg prepared and its stock prepared in DMSO in different concentrations. 

2.4mg of  DPPH taken and made its volume upto 100 ml in methanol  . Extract was tested 

first at single concentration and those showing good antioxidants activity were tested for 

different range of concentration to establish the EC50.100 µl of each dilution was taken in 

test tube along with 2ml of  DPPH and one test tube was taken as blank .Negative control 

contain all reagent except extract. After 30 min absorbance measured at 517nm,experiment 

done in triplicate and ascorbic acid used as standard (Skehan et al., 1990 : Valko et al., 2006; 

Wu et al., 2006). 

The ability of sample to scavenge DPPH radical calculated by following formula: DPPH 
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Scavenging activity % = (A. control - B. sample) / (A. control)*100 

 

ANTIMICROBIAL ACTIVITY: 

 Preparation of extract for antimicrobial activity 

Preparation of samples extract for antimicrobial activity was defatted with petroleum 

ether and then consecutively prepared with water and methanol  solvents with the help of 

soxhlet  tool. The extracts we prepared then cooled at 25C,Puted for evaporation until 

sample completely dried and finaly got filtrate. The extracts we used for analysis dissolved 

in dimethylsulfoxide (DMSO) for antimicrobial assay with minor alterations ( Upadhyay, 

2015). 

 Test Organism 

 A panel of test organisms was used including  Echerichia coli and gram positive 

Staphylococcus aureus,Pseudomonas aeruginosa, and streptococcus pyogenes were procured 

from National Institute of Health Islamabad.   

Culture Media: 

The antibacterial and antifungal studies were carried out using nutrient agar medium 

followed by refrigeration storage at 40C.bacterial strain grown at 370C maintained at nutrient 

agar slant at 40C. 

 

 EVALUATION OF ANTIBACTERIAL ACTIVITY: 

The well diffusion assay technique ( Upadhyay, 2015) used to evaluate the in vitro 

antimicrobial activity of all samples poured at 10µl of microbes culture added to petri 
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plates.After media solidified hole was made by using 5mm cork and hole filled with20µl of 

plant extract(10mg/ml and 20mg/ml).The inoculated  plate left for refrigeration and then put 

in incubator for incubation at 370C   for 24 hrs . 

RESULTS AND DISCUSSION: 

Qualitative analysis of swertia chirayita showed the presence  of    alkaloids                        

carbohydrates,flavonoids,glycosides,tanins/phenols,saponins and proteins but tanins found 

absent in chirayita sample 2 by ferric chloride and lead acetate test (Dillard and German, 

2000). 

 

Table.1. Qualitative analysis of selected  parameters from plant samples: 

Sr.No. Chemical 

constituents 

Test Reagents Chirayita 1  Chirayita 2 

1  

Alkaloids 

Dragendorff,s  reagent +ve +ve 

 Wagner,s reagent +ve +ve 

Mayer,s  reagents +ve +ve 

 

2 

 

 

Carbohydrates 

Molish Test +ve +ve 

Fehling Test +ve +ve 

Benedict Test +ve +ve 

 

3 Flavonoids Mg Ribbon and dil Hcl +ve +ve 

4 Glycosides NaOH Test +ve +ve 

 

5 

 

Tannins/Phenols 

Ferric Chloride Test +ve -ve 

Lieberman,s Test +ve +ve 

Lead Acetate Test +ve -ve 
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Protein 

Xanthoproteic Test -ve +ve 

Biuret Test +ve +ve 

7 Starch Iodine Test +ve +ve 

8 Saponins Frothing with Na HCO3 +ve +ve 

9 Amino acids Ninhydrin solution +ve +ve 

+Ve(positive), -Ve(negative 

ANTIOXIDANT ASSAY: 

Antioxidant  assay confirms the in vitro antioxidant capacity of  Methanolic extract is better 

compared with aqueous extract  and  had standard ascorbic acid Chirayita 2 has better 

scavenging capacity in methanolic extract as compared to aqueous extract.In aqueous extract 

chirayita 1 has  better antioxidant activity (Schwartsmann et al.,2002; Valko et al., 2006). 

Table   2. Antioxidant activity(  DPPH assay) of  aqueous extract of Chirayita: 

Concentration  

 (µg/ml) 

Ascorbic 

acid 

Chirayita 

1(%inhibition) 

Chirayita 

2(%inhibition) 

50 73.41±1.95 53.36±2.17 50.25±0.85 

40 70.80±2.64 51.2±1.22 49.5±0.63 

30 56.19±3.6 49.93±1.20 47.75±0.88 

20 43.59±4.60 46.49±0.58 42.75±0.47 

10 30.27±7.67 42.06±0.96 40.04±0.75 

IC50 25.83 35.30 44.89 
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Table  3..Antioxidant activity(DPPH  ASSAY) of  methanolic  extract of Swerita  

chirayita samples : 

 

Concentration 

(µg/ml) 

Ascorbic acid Chirayita 

1(%inhibition) 

Chirayita 2(%inhibition) 

50 71.9±0.74 75.38±0.89 65.15±0.13 

40 68.18±1.74 69.19±5.89 59.79±0.50 

30 55.79±3.28 52.80±3.33 48.15±0.80 

20 46.75±1.29 37.7±1.35 42.54±0.51 

10 35.04±5.005 21.36±13.20 36.52±0.66 

IC50 24.18 28.88 28.28 

 

 

ANTIMICROBIAL ACTIVITY: 
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Results  showed that both samples have better antimicrobial activity with methanolic extract  

as compared to aqueous extract. 

 

Table .4 Antibacterial activity of methanol extract of  Swertia chirayita 

Organism               Extract/drug(µg/ml)/zone of inhibition( mm) 

                 SCM 1                 SCM 2                     Gentamycine 

E.coli - - - - 10 20 - - - 10 20 25 18 20 23 26 28 30 

S.aureus - - - - - 1o - - - - 10 20 13 18 21 25 26 33 

S.pyogns - - - - 10 20 - - - - - 10 19 21 23 27 31 32 

p.aeuro- 

ginosa 
- - - - - 20 - - - - 10 20 - - 1 3 8 14 

SCM:    Swertia chirayita methanol extract. : No activity. 

Table 5. Antibacterial activity of Aqueous extract of  Swertia chirata: 

ORGANISM:               Extract/drug(µg/ml)/zone of inhibition( mm) 

                                   SCA 1                SCA 2                                Gentamycin                             

E.coli - - - - - 20 - - - - 10 20 18 20 23 26 28 30 

S.aureus - - - - - 20 - - - - - 10 13 18 21 25 26 33 

S.pyogenes - - - - - - - - - - - 10 19 21 23 27 31 32 

   SCA: Swertia Chirayita aqueous extract.   _ :No activity 
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CONCLUSION 

Two samples of chirayita were under study for certain physiochemical parameters of its 

individual constituents. These parameters include  quantitative aspects. Samples were 

collected from  raining  areas of Pakistan where people tradition being used since long 

history. The obtained results predicted the significant aspects of our objectives particularly 

the targets including antioxidants, antimicrobial properties of samples. All objectives 

showed significant range of results those are comparable to results reported by others on 

similar parameters.  

REFERENCES  

Abbasi AM, Shah MH, Li T, Fu, Guo X and Liu RH (2015). Ethno medicinal values, 

phenolic contents and antioxidant properties of wild culinary vegetables. J. 

Ethnopharmacol. 162: 333-345. 

 

Adedapo AA, Jimoh FO, Afolayan AJ and Masika PJ (2009). Antioxidant properties of the 

Methano extracts of the leaves and stems of Celtis Africana, Records. Nat  Prod.  3: 23-

31. 

 

Ashafa AOT, Sunmonu TO and Afolayan AJ (2010). Toxicological evaluation of aqueous 

leaf and berry extracts of Phytolacca dioica L. in male Wistar rats. Food Chem  Toxicol. 

48(7): 1886-1889. 

Beauchamp C and Fridovich I (1971). Superoxide dismutase: improved assays and an assay 

applicable to acrylamide gels. Analyt   Biochem.  44(1): 276-287. 

 

Cefarelli G, D'Abrosca B, Fiorentino A, Izzo A, Mastellone C, Pacifico S and Piscopo V 

(2006). Free-radical-scavenging and antioxidant activities of secondary metabolites from 

Reddened cv. Annurca apple fruits. J Agri  Food Chem.  54(3): 803-809. 

 



12 
 

Demirtas I, Sahin A, Ayhan B, Teki S and Teki I (2009). Antiproliferative effects of the 

methanolic extracts of sideritis libanotica Labill. Subsp, linearis. Rec  Nat  Product. 3(1): 

104-109. 

 

Dillard CJ and German JB (2000). Phytochemicals: nutraceuticals and human health. J. Sci  

Food and Agri.   80(6): 1744-1756. 

Dufour DR, Lott JA, Notle FS, Gretch DR, Koff RS and Seeff SB (2000). Diagnosis and 

Monitoring of hepatic re commendations for use of laboratory tests in screening, diagnosis 

and monitoring. Clin  Chem.  46(12): 2050-2068. 

 

Flohe L and Gunzler WA (1984). Assays of glutathione peroxidase. Methd Enzymol.  105: 

114-120. 

 

Gulfraz M, Mehmood S, Ahmad A, Fatima N, Praveen Z and Williamson EM (2008). 

Comparison of the antidiabetic activity of Berberis lyceum root extract and berberine in 

alloxan- induced diabetic rats. Phyther  Res.  22(9): 1208-1212. 

Harborne JB (1998). Phytochemical methods a guide to modern techniques of plant analysis: 

Springer Science & Business Media. 

 

Hussain L, Akash MSH, Tahir M, Rehman K and Ahmed KZ (2014). Hepatoprotective 

effects of methanolic extracts of Alcea rosa against acaetaminophen-induced 

hepatotoxicity in mice. Bangl  J   Pharmacol.   9: 322-327. 

Newman DJ and Cragg GM (2012). Natural products as sources of new drugs over the 30 

years from 1981 to 2010.  J  Natur  Prod. 75: 311-335 

 

Schwartsmann G, Ratain MJ, Cragg GM, Wong JE, Saijo N, Parkinson DR and Di Leone L 

(2002). Anticancer drug discovery and development throughout the world. J  Clin  Oncol. 

20 (18): 47s-59s. 

 

Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D and Boyd MR (1990). 

New colorimetric cytotoxicity assay for anticancer-drug screening. J  Nat  Canc  Institute. 

82: 1107-1112.  

Upadhyay RK (2015). GC-MS Analysis and in Vitro Antimicrobial Susceptibility of 

Foeniculumvulgare Seed Essential Oil. Am  J  Plant Sci. 6: 1058. 

 

Valko M, Rhodes CJ, Moncol J, Izakovic M and Mazur M (2006). Free radicals, metals and 

antioxidants in oxidative stress-induced cancer. Chem  Biol  Interact. 160 (1): 1-40. 

 

Wu Y, Wang F, Zheng Q, Lu L, Yao H, Zhou C and Zhao Y (2006). Hepatoprotective effect 

of Total flavonoids from Laggera alata against carbon tetrachloride-induced injury in 

primary cultured neonatal rat hepatocytes and in rats with hepatic damage. J  Biomed Sci. 

13: 569-578. 

  

         

 



13 
 

    Volume 1,  Issue 1.    May 2021.    www.jbbt.org 

        Assessment of biological activities of Myrsine africana leaves and fruit 

         Hina gul 1, Samra irum 2, Sadia mehmood satti 1, Riffat Batool 1 

ABSTRACT 

Traditional medicines have now turned out to be a burning topic for their beneficial effects. 

There is a growing concern for the compositional investigation of overlooked plants and 

phytochemicals are responsible for the medicinal properties of plants. In this study Myrsine 

africana was assessed for the antioxidant, antimicrobial, anti-hemolytic, anti-tuberculosis 

and anti-tumor activity. Results showed that this plant is rich in phytochemicals and 

antioxidant activity. Methanol extract of Myrsine africana leaves were found to be more 

effective as compared to other extracts.  Myrsine africana showed good results in in-vitro 

studies so it could further be used for investigation in pharmacological and toxicological 

studies.  

Key words: Myrsine africana: phytochemicals: biological activities 
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    INTRODUCTION 

   There are various herbal formulates that possess beneficial effects on human health. The 

remarkable uses and less adversarial effects of medicinal plants with their significant 

bioactive compounds helps in the management of various human diseases (Nabavi et al., 

2016). The use of traditional medicines has become a burning subject around the globe for 

its lesser side effects. There is a rising concern towards compositional screening of 

undiscovered plants and their derived products (Karakas et al., 2016). 

http://www.jbbt.org/
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The global problem regarding insufficient control of disease has occurred by the 

repeatedly use of commercial drugs which is responsible for the development of resistance 

against antimicrobial compounds or synthetic drugs. It compels the researchers to reveal 

plant derived antimicrobial metabolite. Medicinal Plants and their associated natural 

products have been clinically reported as chemo preventive and antimicrobial agents 

(Hussain et al., 2016). MDR (Multiple drug resistance) has been developed due to uneven 

use of synthetic drugs for curing various infectious diseases. Furthermore, the antibiotic 

usage leads to multiple side effects on consumer health which includes allergy reactions, 

immune suppression and hypersensitivity. These alarming conditions turned out in a great 

need of valuable remedial products. Thus, it is necessary to generate antimicrobial drugs 

from the medicinal plants for curing various infectious diseases (Ramamurthy et al., 2013: 

To et al., 2017).  

Phyto-chemicals define the medicinal properties of plants and are categorized into 

qualitative and quantitative metabolites (phenolic, flavonoids, alkaloids, steroids, saponins 

and tannins). Among the active compounds, phenols and flavonoids are the most important 

groups and impart various pharmacological properties such as anti-oxidative, anticancer, 

anti-allergic, hypoglycemic, antimicrobial and hepato-protective activity  (Li et al., 2017: 

Dib et al., 2017). 

Reactive oxygen species (ROS) act with different bio-molecules i.e. carbohydrates, 

protein, lipids and DNA alter the cis in to trans fatty acids that is responsible for several 

chronic diseases i.e. chronic inflammations, heart diseases, cancer and aging (Yasir et 

al.,2016). Medicinal Plant constitutes natural antioxidants to scavenge free radicals through 

protecting cells from oxidative damage. Amongst antioxidants, great thought has been 

granted to the flavonoids and phenolic compounds which inhibits or slow down the 

oxidative stress and decreases the possibility for degenerative diseases ( Stankovic, 2011).  

 

METHODOLOGY 

Sample preparation 

Samples of Myrsine africana leaves and fruits were collected from some areas of 

Kotli sattian during March and April 2017. The collected samples were placed in fine 
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plastic bags duly labeled with name, date and areas of collection. The samples were shade 

dried followed by sun and oven drying for overnight at 60º C. The dried samples were 

ground by using electrical grinder, sieve (80 meshes) and saved in the fine plastic bags for 

further uses. 

The Plants samples were collected with the help of local informant and the samples were 

properly identified by expert taxonomist on the basis of previous literature, herbarium 

specimens and by different sites (Plant lists, flora of Pakistan). Cleaned specimens were 

subjected to drying followed by pressing, poisoning and mounting of plant species and then 

submitted to herbarium of Pakistan (ISL) for the future record.  

 Preparation of plant powder  

Take the desired parts of the plant sample followed by shade drying. Grind it to a 

fine powder and sieved. After sieving place the sample in heating oven at 37◦c to remove 

moisture for complete drying. After complete drying the powdered material was ready for 

the further analysis.  

Preparation of Plant Extracts  

Total 500 grams of samples were dissolved separately in methanol and chloroform. 

They were extracted by using Soxhlet apparatus and rotary evaporator techniques followed 

by shaking for overnight. Filtration of all the extracts was done so that the residue gets 

separated from the desired extracts. The dried extracts were stored in air tight vials for 

further processes.  

 Phytochemical analysis 

For the quantification of TPC (total phenolic content), Folin-Ciocalteu reagent method was 

used and TPC (total flavonoids) were estimated by using the method of aluminium chloride 

(Ghasemzadeh, 2011).   

 Antioxidant Activity of Plants  

DPPH Scavenging Activity  

This method is assessed by using the modified protocol (Moon and Shibamoto, 2009). 

Different concentrations ranges from 20 to 100 µg/ml of plant sample along with 2ml of 

DPPH solution and left the mixture for 30 minutes in darkness. The reading was taken at 

517nm. The activity was determined by the following formula  

DPPH %= [Aᴬ - Aᴴ/Aᴬ]*100  

Aᴬ is the reaction mixture absorbance except plant extract.  

Aᴴ is the reaction mixture absorbance having plant extract.  
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Gallic acid was used as a Standard or Positive control. IC 50 was measured by linear 

regression analysis and defined as the 50% inhibition concentration of the extract.  

 Iron Chelating Assay  

The method used is described by the (Dinis et al., 1994). The plant extracts ranged from 20 

to100 µg/ml were used for the chelating of Fe 2+. Then add 1ml of 2mM ferrous sulphate 

and with the addition of 0.25mM Ferrozine (1ml) reaction was initiated. After shaking, left 

the mixture for10 minutes and at 517 nm absorbance was recorded.  

Chelating rate %= [Aᴬ - Aᴴ /Aᴬ]*100  

Aᴬ is the reaction mixture absorbance except plant extract.  

Aᴴ is the reaction mixture absorbance having plant extract.  

Gallic acid was used as a Standard.  

Hydroxyl Radical Scavenging Assay  

Plants extracts ranges from 20 to100 µg/ml were investigated by the deoxyribose method 

(Nagai et al., 2005). Add Sodium phosphate buffer (0.2M) of 7 pH followed by 

2deoxyribose (10Mm), FeSO 4 -EDTA (10Mm), H 2 O 2 (10mM), 525µl of H 2 O. Then 

add the mixture of TCA (2.8%) and TBA (1%) in Na OH. Absorbance was observed at 

520nm.  

Gallic acid was used as Positive control.  

Scavenging activity= [1- Aᴴ /Aᴬ]*100  

Aᴬ is the reaction mixture absorbance except plant extract.  

Aᴴ is the reaction mixture absorbance having plant extract.  

ABTS (2,2- azinobis [3- ethylbenzothiazoline-6- sulfonate]) Radical Cation 

Decolorisation Assay  

The method used is described by (Ashafa et al., 2010). The mixture of 3mM (final 

concentration) ABTS (2,2- azinobis [3- ethylbenzothiazoline-6- sulfonate]) with water was 

oxidized by adding potassium persulfate that is 2.5Mm. Place this mixture in dark for 12 

hours. After diluting this ABTS + solution with distilled water absorbance should be 

2.51±0.05.The plant extracts ranged from 20 to100 µg/ml. Absorbance was measured at 

734nm. Gallic acid was used as Standard.  

Percent Scavenging potential = [Aᴬ - Aᴴ /Aᴬ]*100  

Aᴬ is the reaction mixture absorbance except plant 

extract.  
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Aᴴ is the reaction mixture absorbance having plant 

extract.  

Reducing Power Assay  

FRAP (Ferric ion reducing power) value was measured (Adedapo et al., 2009). Different 

concentration of plant samples ranged from 20 to100 µg/ml was taken with 0.2M phosphate 

buffer and potassium ferricyanide (0.1%). Incubate the mixture in water bath till 20 

minutes. By adding trichloroacetic acid (10%) the above reaction was ended. The above 

layer of this solution was added in distilled water (2ml) followed by ferric chloride (0.01%) 

and incubated for 20 minutes. The readings of blank and samples were observed at 700nm. 

Gallic acid was used as positive control. The results were expressed as GAE (mg/g of 

compound extracted).  

  Hydrogen Peroxide Scavenging Activity (H2 O2)  

This activity was described as the method (Aiyegoro and Okoh, 2010). Add H2 O2 solution 

4Mm (preparation inphosphate buffer) indifferent plant concentrations followed by 

incubation for 10 minutes. The absorbance was observed at 230nm.  

Scavenging activity% = [Aᴬ - Aᴴ /Aᴬ]*100  

Aᴬ is the reaction mixture absorbance except plant extract.  

Aᴴ is the reaction mixture absorbance having plant extract.  

Superoxide Assay  

The assay was used with some modified procedure (Beauchamp and Fridovich, 1971). Add 

50mM Phosphate buffer, Riboflavin, 20Mm PMS, 0.5Mm NBT in various concentrations of 

plant samples and incubate for 20 minutes. The absorbance was recorded at 560nm.The 

positive control was Gallic acid.  

Scavenging percentage = [1- Aᴴ /Aᴬ]*100  

Aᴬ is the reaction mixture absorbance except plant extract. Aᴴ is the reaction mixture 

absorbance having plant extract.  

 

Determination of antibacterial activities of extracts  

Microorganism Tested  

The following bacteria Echerichia coli (ATCC15224), klebsiella pneumonia (MTCC618), 

Salmonella gallinarum, Staphylococcus aureus (ATCC 6538), Microcrocus lotus, 

Enterobacterauregens, Bacillus brevis, Pseudomonas aeruginosa were tested for 

antimicrobial activity by Well diffusion method. Inoculum of microbes was made in 



18 
 

LauriaBrothgL- 1 and kept it in shaking incubator for 24hours (contained 10 8 cfu/ml) at 37 

ºC.  

Well diffusion Method  

Antimicrobial activity was done by well diffusion method (Ettebong and Nwafor, 

2009) with some modifications. Media contained Lauria-Bertini (LB) agar and autoclaved 

the agar (121 ºC) for 15 min. After cooling poured it in the Petri plates in laminar flow 

hood. Add 30 µl of inoculums in all the plates for inoculation. Then the disk is impregnated 

into the plates with sterilized forceps after dipping in the plant extracts (50 µl). Incubation 

of plates was done (37 ºC) for 24 hours. The inhibition zones were observed after 24 hours 

and presented in millimeter.  

Minimum Inhibitory Concentration (MIC)  

MIC (Minimum inhibitory concentration) of the plant samples was examined by 

tube dilution method in Lauria-Bertini broth media. Each dilution (3.125-50 mg/mL) was 

inoculatedwith 5 x 10 6 of the bacterial strain culture incubated for 24 h at 37ºC. The 

standard drug (Gentamicine) was used as positive control at same concentration. The 

absorbance of the suspension was observed at 420 nm along with the blank. The MIC was 

measured as lowest concentration of plant extract that inhibits the test cultures with no 

observable growth (Hemandez-Hernandez et al., 2017).  

Anti-tuberculosis activity 

The two drug resistant strains of Mycobacterium tuberculosis bg 206 and bg 1972, 

while a sensitive strain H37Rv were obtained from National TB Reference Laboratory, 

National TB Control Program Chak-Shahzad, Islamabad. Lowenstein-Jensen (LJ) medium 

was used in this experiment for the growth of isolates. Plant extract was incorporated in to 

culture medium and set for incubation at 37ºC and for 40 days. Readings were taken in 

triplicate manner. Control was also taken and susceptibility of MDR strains was done 

against standard rifampicin. MIC is the lowest extract concentration and it was determined 

by using 96 well micro titer plates (Ishikawa et al., 2017).  

Antihemolytic activity  

The method reported by (Alinezhad et al., 2013) with some modification was used to 
determine anti-hemolytic activates of plant extracts. The Methanol plant extracts were 
assessed against Human erythrocytes and absorbance was measured at 640 nm    by 
using UV- Spectrophotometer and described as  
Antihemolytic activity %= Control- Sample/Control*100.  

Antitumor activity  

Potato disc assay was adopted as described by (Hussain et al., 2007), and results were 

described as  
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Percentage inhibition (%) = 100- Number of tumors per sample/ Number of tumors in 

control*100. 

 

STATISTICAL ANALYSIS 

All the results were obtained in triplicate manners with mean and standard deviation. 

 

 RESULTS AND DISCUSSION 

Among secondary metabolites phenolic compounds are considered the most important 

compounds and found to be present in more quantity as compared to other compounds. 

Methanol extract of c have higher quantity of phenols 362±9 mg/g of dry weight followed 

by 358.4±5 in Myrsine africana fruit While chloroform extracts of Myrsine africana leaves 

and fruits have 340.5±1 and 320±3. Phenols were present in higher quantity as compared to 

other phytochemicals and quantified in the current study. Phenols impart various 

pharmacological properties and effective against different diseases e.g. anticancer activity, 

cardiovascular diseases, rheumatism. After phenols, flavonoids are the second to be found in 

higher quantity as compared to other secondary metabolites. Flavonoids are well known 

parts of polyphenols are present in various plants and possess many actions e.g. antioxidant, 

anti-mutagenic, anti-inflammatory, antiviral, anti-allergic and anti-neoplastic (Khan et al., 

2012). The higher flavonoids contents were found in Myrsine africana leaves methanol 

extract 90±3.4 mg/g dry weight which is slightly higher than other extracts tested such as 

chloroform extract of Myrsine africana leaves 86±2.8 and methanol and chloroform extract 

of Myrsine Africana fruit 88±2 and 80±1.5.   

Most of compounds which have been found in plant extracts have potent antioxidant 

properties. Plants which contain antioxidants play a vital role for human health. They protect 

organisms by oxidative damage and prevent various diseases such as cancer, heart diseases, 

neurological diseases and diabetes (Shariatifar et al., 2014). The DPPH scavenging assay is 

used to evaluate the sample ability as hydrogen atoms donor while changing DPPH radical 

into DPPH-H (reduced form). In the FRAP, Ferric reduces to ferrous ion due to the presence 

of antioxidants. FRAP deals sample antioxidants as reductants during redox associated 

colorimetric reaction (Prasad et al., 2010). 

Table 1. IC50 Values of various plant extracts of Medicinal plant extracts 
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power 
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cation 

decolorisa

tion Assay 

scavengi

ng Assay 

e 

ASSA

Y 

ng Assay Assay 

 

Myrsine Fruit 

M 

 

85±9.1 

 

344.6±7 

 

58.6±6.1 

 

35.9±2 

 

14.7±2 

 

26±2.2 

 

131.3±1.7 

 

Myrsine Fruit 

C 

 

98±5.6 

 

260±4.1 

 

69±2 

 

50±7 

 

25±3 

 

38±6.4 

 

148±4.4 

Myrsine 

Leaves M 

 

119±7.9 

 

25.7±2 

 

15.7±3 

 

29.2±.7 

 

16.8±2.

1 

 

14.5±0.8

4 

 

116.6±2.8 

Myrsine 

Leaves C 

 

160.2±1.7 

 

220.5±11 

 

30.5±1.6 

 

38±4 

 

18.8±4 

 

32.5±0.8 

 

125.6±6.2 

 

Gallic acid 

 

229±15 

 

39.2±1 

 

24.7±2 

 

34.8±2 

 

13.1±1 

 

16.2±1 

 

134.2±5.6 

C =chloroform and M = methanol whereas significance level is <0.05  

 

IC50value is the half inhibitory concentration that measures the substance of effectiveness 

while inhibiting a particular reaction. According to results, highest IC 50 values of Myrsine 

africana leaves were found to be against Hydroxyl radical, Hydrogen peroxide and DDPH 

assay (14.5±0.84, 16.8±2.1, and 15.7±3 µg/ml) and indicate good antioxidant potential as 

compared to all other extracts (Table. 1). Higher antioxidant activities of plant extracts could 

be attributed with higher level of flavonoids and phenols obtained from fruit and leaves 

extracts. Results obtained in current study are comparable with results of antioxidant 

potential of plant extracts reported in literature by other authors including (Aberoumand and 

Deokule., 2008). 
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Most of the antioxidants methods used for antioxidants assays showed strong correlations 

with phenolic contents. The strong relationship with phenols and antioxidants method 

revealed that the antoxidant activity is frequently contributed by phenols (Dudonne et al., 

2009). IC50 of plants were significantly correlated with total phenolic contents and total 

flavonoid contents. Secondary metabolites such as flavonoids are the diverse group of 

natural compounds and are important antioxidants, while the phenols consists of the major 

compounds that imposed the properties of antioxidants as well as free radical scavenging 

activities. Flavonoids also impart pharmacological and biochemical effects such as hepato-

protective, anti-cancerous and antioxidant activities (Hussein et al., 2012). 

The Infectious diseases are the reason of mortality in humans and to control such 

infections pharmaceutical industries has been manufacturing different antibacterial drugs. 

Those antibiotics are becoming ineffective as resisted by the bacteria. Many plants are called 

medicinal as they have substances those are curing human diseases. Medicinal plants 

knowledge is occasionally known as curative reserve for local communities and pays 

occasionally to the health care (Betoni et al., 2006). Extracts of seven different plants were 

analyzed against different bacterial strains and tested plants showed good activity against 

Staphylococcus aureus and Escherichia coli. Plants extracts were assessed against different 

gram positive and negative bacterial strains. Different fractions of plants were evaluated and 

results are in Table 2.  

The plant extracts exhibited significant activities against different bacterial strains in 

different solvents. These plants extracts were active against different diseases and this led to 

the discovery of novel compounds.  Myrsine africana leaves methanol was found to have 

higher activity against E. Coli 25±1.5mm zone followed by chloroform extract 22±1.56mm 

zone against S.aureus. Myrsine africana fruit methanol extract showed highest activity 

against S. aureus 22±6mm zone. Some studies showed that the methanolic and chloroform 

extracts of the aerial parts of Myrsine africana showed good activity against K. pneumoniae. 

Chloroform and aqueous extract of Myrsine africana showed no activity against E.coli 

(Ahmad et al., 2011). Some bacterial strains, Gram-negative were more resistant as 

compared to Gram-positive bacteria. Streptomycin was the standard drug used in this assay. 

Minimum Inhibitory Concentration is the minimum quantity of an antimicrobial substances 

those stops the growth of bacteria after the incubation period. In diagnostic labs MIC was 

used to check resistance. It is commonly used as an instrument in the latest vitro studies for 

the research purpose (Andrews, 2001). Minimum inhibitory activities of plant extracts was 

assessed against two strains of bacteria and results obtained indicates lower level of MIC 

values for various plant extracts indicating their suitability as antimicrobial drugs. 

          Table 2. Minimum Inhibitory Concentration of Medicinal plants 
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Extracts Staphylococcus aureus Echerichia Coli 

Myrsine africana Leaves Methanol 6.25mg/ml 12.5mg/ml 

Myrsine africana Leaves Chlorofom 3.125mg/ml 3.125mg/ml 

Myrsine africana Fruits Chloroform 6.25mg/ml 12.5mg/ml 

Myrsine africana Fruits Methanol 3.125mg/ml 3.125mg/ml 

 

Myrsine africana leaves showed higher results against all strains as compared to Myrsine 

africana fruits. Myrsine africana has multiple roles starting from the flavoring agent, anti- 

rheumatic and tuberculosis effect to the inhibitory and larvacidal activities and possesses 

diversity of compounds such as benzoquinones, triterpenes, steroids, flavonoids, flavonol 

glycosides, Myrsinone A and B (Ahmad et al., 2011). Rifampicin was the standard drug 

showed minimum inhibitory concentration at 0.125 against H37Rv strain. Percentage 

inhibition was measured and results were given in the Table 3. Minimum inhibitory 

concentrations of above three strains were tested against plants extracts and showed great 

resistant to tuberculosis strain for their growth given in the Table 4. 

Table 3. Anti-tuberculosis activity of Medicinal plants 

Extracts Isolates Mean CFU on media Percentage 

Inhibition 

M. africana  

Leaves  

 Contr

ol 

5mg/

mL 

10mg/m

L 

50m

g/Ml 

5m

g/m

L 

10mg/

mL 

50mg

/mL 

bg 1972 130 71 40 0 46 69 100 

H37Rv 140 20 0 0 86 100 100 

bg 206 150 42 15 0 73 90 100 
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M. africana  

Fruit  

bg 1972 130 65 50 0 50 62 100 

H37Rv 140 35 0 0 79 100 100 

bg 206 150 45 20 0 70 87 100 

Percentage Inhibition = Cc – Ct/Cc x100    Cc = No of colony in the control media slope, Ct = No colony in the 

Test media slope 

     Table 4. Minimum inhibitory concentration of Medicinal plants 

Plant names Strains 

H37Rv bg 1972 bg 206 

ML 6.25 25 12.5 

MF 12.5 25 12.5 

Rif 0.125 0.5 0.25 

       Whereas ML =Myrsine africana Leaves, MF = Myrsine africana fruit and Rif = rifampicin. 

The plants extract tested in this study show stronger resistance against all tested strains  of 

Mycobacterium tuberculosis and this might be due to presence of bioactive components in 

plant extracts with the methanol that are possibly anti-mycobacterium metabolites.  

Tuberculosis is responsible for many fatalities in the world and TB patients need to have 

extensive chemical treatment and ultimately it causes adverse effects to patient health. To 

reduce the uses of synthetic drugs resistance medicinal plants provide a great confidence as a 

potential source of bioactive anti-mycobacterium metabolites (Gemechu et al., 2013). 

Hemolysis was induced in RBCs by H2O2 that is a toxicant and has oxidizing nature lead to 

degradation of cell membrane and finally hemoglobin discharged from cell. H2O2 arouse OH 

radical’s production with Fe2+ mobilization by Ca2+ through Fenton reduction reaction. 

The above factors totally cause cell membrane disruption, indicating cell lysis (Kadali et al., 

2016). Anti-hemolytic activity of Methanol extract of Myrsine africana fruit and leaves were 

found to be (70±2.4%) and (72±1%), while chloroform extract showed of fruits and leaves 

showed (60±3.8%), and (62±0.5%). It was observed that H2O2 is toxicant that causes 
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degradation in cell and also produces reactive oxidants. The above antioxidant studies of 

these plants support the results of anti-hemolytic activity by showing strong effects. This 

activity was not previously reported in any tested extracts. When red blood cells are exposed 

to injurious substances e.g. methyl salicylate and phenyl hydrazine causes membrane lysis 

along with hemoglobin’s hemolysis and oxidation. The effects of hemolysis in hypotonic 

solution are associated with excessive fluid accumulation in cell resulting in membrane 

rupturing. RBC membrane injury makes the cell susceptible to secondary damage by free 

radical produced by lipid per-oxidation. This is frequently happening and causes bio-

molecules breakdown leads to free radicals formation which increase cellular damage. Free 

radicals e.g. lipid peroxide and superoxide are reportedly produced in conditions like stress 

hemolysis is due to destabilization of cell membrane (Durairaj et al., 2014).  

 

    

Figure 1. Anti-hemolytic activity of different concentrations of Myrsine africana 

Plants extracts were analyzed against tumor which was induced by Agrobacterium 

tumefacien with different fractions. Plant extracts shows good defense as shown in Table 

33.Potato disc assay of these plants extracts were assessed with different fractions. 10, 100 

and 1000µg/ml concentrations were analyzed in the four fractions (Methanol, Ethanol, 

chloroform and n-hexane). Chloroform and ethanol extracts of Myrsine africana leaves 

showed 88±9.5% and86.5±5% antitumor activity. They were found to be active in both polar 
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and non polar solvents it can be due to the type of phyto-constituents which are intended to 

be dissolved in particular solvent, nature of solvent and extraction procedure. Myrsine 

africana fruit showed high antitumor activity in non-polar solvents Chloroform (83.4±7.1%) 

and n-hexane(82.4±7%).It could be due to less polar or non polar compounds present in 

these plants extracts and found to be active not only against agrobacterium tumefacien 

strains but also against bacteria’s, cancer cells and tuberculosis strains which justifies the 

significance of current results. As the concentration increases ultimately activity also 

increases. This study is relatively a quick, reasonable, nontoxic and statically consistent 

method for the selection of murine leukemia (antitumor activity) (Hussain et al., 2007).The 

obtained values were significantly different p<0.05. 

 

Figure 2. Antitumor activity of Myrsine africana Leaves and Fruit 

CONCLUSIONS 

Drugs discovery from medicinal plants still remains an important area of human 

health. The possible benefits of plant based medicines have led to unscientific exploitation 

of the natural resources, a trend that is being observed globally. Therefore drug discovery 

from natural source involves a complicated approach combining botanical, phytochemical, 

biological and molecular techniques. The findings revealed that these plants possessed 

biologically active secondary metabolites can be further isolated in future pharmacological 
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studies. These plants need to examine more to obtain new compounds, might be useful for 

preparation of new drugs required to control various diseases of human and animals. 
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This study focused on  extraction and purification of  oil from fruit  of Wild olive as  

alternative source   to overcome shortage of edible oil in country. The fruit samples were 

collected from three different locations and various physical and chemical parameters were 

determined. Oil was further analyzed  for fatty acids contents with help of  GC-MS 

techniques . Whereas total phenol, pigments contents as well as oxidative  stability 

parameters  of oil  were  determined by using reported methods . According to results  

physicochemical variations in  sizes and  weights of  fruits as well as   yields of oil   were 

observed for three different locations.  However, oil contained higher quantity of essential 

fatty acids as compared to nonessential fatty acids. The quality parameters like  total 

phenols, chlorophylls  , oxidative stability (Acidity, peroxide value and UV absorption  

K270, K232 ), iodine value and saponification number were satisfactory and almost   

equivalent  to  international standard of olive oil. It is expected  that  oil from  wild olive 

fruit   will be a  appropriate   edible oil and  will help to reduce burden of foreign exchange 

of country  that currently  being  used to import oil from abroad. 

Key words;   Wild olive , oil, fatty acids, quality and stability parameters 
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INTRODUCTION 

The major oilseed crops of  Pakistan are  sunflower, canola, rapeseed/mustard and cotton 

seed,  those has   provided only  3.726 Million tons of  oil during  2015-2016 that 

contributed only 14 percent of country s demand ( Abdul and  Janno, 2018). 

Demand of edible oil is being increased with the passage of time due to the growing rate of 
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the population  and Pakistan  became the third largest importer  and used 2.6 million tones 

of oil per annum. It is difficult to make balance between  requirement  and production of  

oil,as requirement of edible oil is increasing day by day .Therefore, it is essential to search 

for new alternative and cheaper resources of  edible  oil in country ( FAO, 2008). 

Oleaferruginea Royle, formerly known as Oleacuspedata is naturally growing wild olive  

broadly available in forest of Murree, KotliSattian and  Khutta ( Rawalpindi ) Barakho ( 

Islamabad ) Azad Jammu and Kashmir, Hazara Division, Malakand and  Swat as well as  

nearby areas .Fruit of   Oleaferruginea is edible and good  source of oil containing essential 

non essential fatty acids  ( Pervaiz et al., 2013). 

Virgin olive oil (VOO) is good natural food  extracted from  Olive fruit  from Olive  

europaea L,  Its composition  varies  widely depending  on variety of fruit, condition of fruit 

ripeness, environmental  and geographical  conditions as well as techniques of processing 

and storage ( Barrancoet al.1996). The nutrition values of olive oil mostly depend on its 

fatty acid composition  as well as its  phenolic contents ( Caravita et al., 2007). 

The International Olive Council (IOC,2006) as well as European Commission  (EEC, 2008)  

has provided  limitation of  different  quality parameters for  a good quality of edible oil. 

These parameters includes acidity, peroxide value, oxidative stabilities and sensory   indices   

Olive fruit is considered one of the most important crops grown in desert land for their 

superior ability to cope the deserts conditions like dryness, hard climate and shortage in 

water supply. Olive trees can be grown in acrimony the nature and climate. The countries 

around the Mediterranean sea are original zones of olives trees. The total production of 

these countries are more than 94% of olive fruits and 98% of olive oil from the world 
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production. Therefore, both the olive fruits and olive oil play an important role for 

supporting the economic situation of many countries.  The quantity of  free fatty acids is an 

important factor  for classifying oil into commercial grades (Boskou, 1996). The general 

classification  of olive oils into different  commercial grades is based on free acidity  and 

sensory characteristic ( Taste and aroma). The commercial grade oil of olive fruit merely 

depend on mechanical or physical methods and organoleptic quality of  olive oil depends on 

several factor including olive  cultivar (Kalua et al., 2007). Olive oil  is very good source of 

essential fatty acids   and by consuming olive oil human body  may get good quantity of 

Omega 3 and Omega 6 fatty acids  those may  easily absorbed in the  body and provides 

health benefits to consumers.   

Therefore  keeping in view the importance of   facts  given above  present study  was 

conducted (1)  To determine  physicochemical parameters of fruit of Oleaferruginea  (2)To 

assess  saturated and  unsaturated  fatty acids contents of oil (3)To evaluate  the levels of 

total phenols, peroxide  and other quality and stability parameters of oil by using various 

reported methods. 

MATERIAL AND METHODS 

Collection of fruit samples 

A survey was conducted  to select fruits  bearing  trees of OleaFerruginea         located     in 

nearby  areas  of Murree and Kotlis attian areas (   District Rawalpindi  ).  This survey was 

conducted before ripening stage of fruits during August 2015 and 2016.   Three kg  of olive 

fruits  from each location were collected at ripening stagein fine plastic bags  duly labeled 

with time and name of locations and  were  transported to lab .  Taxonomist study of Fruit 
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samples was carried out by expert from plant sciences department and  specimen ( voucher 

no. 136) was deposited for future reference.  

Physical characterization of olive fruit  

Physical characteristics of fruits were determined  by following  the procedure of  

International  Olive Council Standards ( IOC,  2015  ). The weight of  pit and pulp was 

determined by weighing   100  grains of fruits  by using electric balance and average weight 

per fruit was calculated .The length / width (L/W) ratio was calculated on the basis of length 

and width of grains.  

Extraction of oil  from fruit  

The fruits were water logged  overnight  and  washed thoroughly  to eliminate the pulp. The 

fruitssamples  were air dried at room temperature crushed into powder from and  used for 

the estimation  of  oil contentsby using AOAC Official Method (2003). Total 2 grams of 

fruit sample  by addition of appropriate amount of ether  in Soxhlet apparatus was used for 

extraction of oil . The  reaction continued for 16 hours and results were expressed as  

percentage of dry weight of fruit. 

Analysis of oil  with Gas chromatography- Mass spectroscopy  

Fatty acid methyl esters: Olive oil in n-heptane (0.20 g per 2 mL) was transmethylated using 

a cold solution of KOH (2 mol L−1) (200 𝜇L) and methyl esters (FAME) was analyzed 

according  to  European  standard method (Dawodu et al., 2015)Gas chromatography and 

mass spectrometry analysis    for the  estimation of  fatty acids  contents of oil  was  carried 

out  by using shimadzu QP 2010 machine with a 5 columns. The temperature of injector and 

detector was 275ᵒC, carrier gas (1.0 ml/min N2), 0.2 µl injection volume and the split ratio 

was 50:1. The mass spectrum was obtained at 70 ionization voltage, 0.5s scan interval and 
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from 40-950 Dalton, fragments were taken. The obtained significant compounds were 

identified from the spectral databases of NIST (National institute Standard technology) 

library (Vazquez et al., 2003; Christopoulatonet al., 2004; Capote et al., 2007). 

Determination of the total phenols and o-diphenols contents  

 Determination of   total phenolic  contents of olive oil  was based on procedure reported by 

Gutfinger (1981) and using method of   Folin- Ciocalteu reagent (Singleton and Rossi, 

1965;) The optical density was measured at 765 nm using a spectrophotometer and quantity 

of total phenol  was expressed as milligrams of Gallic acid  (GA)/kg of oil ( Gutfinger, 

1981). The concentration level of o-diphenolic  in water/methanol extract  was determined  ( 

Dridi- Gargouriet al. ( 2013  ) , optical density was measure at 370 nm using a 

spectrophotometer  and amount of compound was   expressed as milligrams of Gallic acid 

(GA)/ kg of oil . 

Quality indices  

To  characterized newly extracted olive oil, Free acidity  ( FA), Peroxide Value ( PV) and 

UV absorption ( K270, K232) were determined   by using  method of  European Community 

Regulation (2008).These  parameters determines oxidative stability of oil(Ouniet al.,2011). 

Determination of  saponification number  

Oil ( 2 ml)  was dissolved in an ethanol solution  containing excess of KOH and  was  heated 

to  complete the reaction. The uncombined  KOH was assessed by titration with HCl. 

The saponification number  wascalculated  on the basis of weight / volume of oil and the 

volume  of KOH used . The lesser  the saponification number the greater the average 

molecular weight of the triacylglycerol. 
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Iodine value  

Total 3 g of oil was dissolved in chloroform added 2 ml of pyrimidine dibromide solution in 

flask having glass stopper and left for 15 minutes at room temperature after which 5 ml of 

10 % potassium iodide (KI) was added and mixture was diluted with distilled water 

followed by titration with 0.02 N sodium thiosulfate solution  as reported by  Firestone 

(1994). 

Determination of Pigments contents 

Chlorophyll and carotenoidscontents  were determined  following  method previously 

described by Minguez-Mosqueraet al. (1991) with minor modification. Briefly 6.0 g of oil 

was dissolved in cyclohexane  and 25 ml of final volume was prepared.  Amount of 

carotenoids and  chlorophylls pigments were quantified on basis of  absorbance measured  at 

470 and 670 nm and expressed  by using following formula  

Chlorophyllus (mg/kg)= Abs 670 * 106/613* 1000 density  

Carotenoids (mg/kg) = Abs 470 * 106/2000* 1000* density  

Antioxidants assays  

The scavenging ability of  oil was assessed by using 1,1 diphenyl 1-2 -picryl-hydrazyl 

(DPPH) assay as reported by  Moon and  Shibamoto ( 2009).  

Statistical analysis  

Data obtained was statistically analyzed by using  ANOVA for mean and standard deviation  

 

RESULTS  AND DISCUSSION  
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The fruit of Olea ferruguniae  (Wild olive) collected from different areas was assessed for 

physical and chemical parameters, fatty acids contents and other quality and oxidative 

stability parameters and results are given in following sections.  

Results  ofPhysicochemical  characteristic of    OleaFerruginea fruit    observed in current 

study are given in table 1. 

Table 1.Physical and chemical  characteristic of  OleaFerrugina fruitfrom different 

location 
Location   Weight of 

pit (g) 100 

grain 

 Weight of 

Pulp (g) 

100 grain 

Length/ 

Width  

(L/W)  

 

Weight 

of 100 

grains 

Dry matter  

(g) 

Water 

content 

(%) 

Total oil 

(% ) 

Barakhu 

 

(Islamabad) 

26.54 ± 1.8 125.61 ± 

4.2 

1.12± 

0.8 

108.52  

± 2.45 

35.7 ±1.2 23.15 

± 2.55 

35.1± 1.8 

Murree 

 

(Rawalpindi) 

31.62 ±  2.7 145.65  

±3.6 

1.16 ± 

0.4 

118 .32 

± 2.68 

42.5 ±1.6 26.80 

± 5.85 

48.3 ± 2.7 

Kotlisattian 

 

(Rawalpindi) 

39.85 ± 3.5 165.28  

±4.35 

1.22± 

0.6  

125.65 

± 3.68 

47.3 ± 1.8 28.25 

±3.60 

56.4  ± 2.9 

 Percentage value on dry weight basis  

 

 

Results indicates fruit of O. Ferruginaeobtained  Barakhu (Islamabad area) have slighter 

lower  size, weight of  pit, pulp , grains and other parameter due to  probably lower attitude 

and less rain fall in these areas where similar parameters of fruits were higher for fruit 
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collected from KotliSattian and Murree areas might be due to soil condition,  higher attitude 

as well as  high ratio of rainfall in those areas.  

 

 

 

 

 

 

 

 

 

Fig. 1. GC- MS analysis of  oil   of   OleaFerruginea 

 

Table 2.Fatty acid Profile (%)  of oil   of O. Ferruginea  from different locations 

Location Oleic 

acid 

 

 C 18:1  

Palmitic 

acid 

 

C 16:0 

 

Linoleic 

acid 

 

C18:2 

 

Stearic 

acid 

 

C18:0 

 

Palmitolic 

acid 

 

C16:1 

Arachidic 

acid 

 

C20:0 

Linolenic  

acid 

 

C18:3 

Gadoleic 

acid 

 

C20:1 

Murree 62.3 8.7 11.7 2.8 2.6 0.5 0.7 0.2 

(Rawalpindi)         

Kotlisattian 72.8 11.3 12.8 3.9 2.9 0.6 0.8 0.2 

(Rawalpindi         

         

,  24-Apr-2018 + 14:43:1140(1)5c/mint240.6minthold

5.00 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00 25.00 27.00 29.00 31.00 33.00 35.00 37.00 39.00 41.00 43.00 45.00
Time0

100

%

mmfarahchloro4 Scan EI+ 
TIC

5.42e9
Area

45.62

5620913

9-OCTADECENOIC ACID

35.76

19351182

9-OCTADECENOIC ACID 

31.89

685403

9-OCTADECENOIC ACID,
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 Value of  fatty acids (%) on dry weight basis  ; ND. Not detected 

 

Results shows oil of O. Ferruginea from different locations contained  higher quantities of 

all  important fatty acids ( Fig.1).The fatty acids having higher percentage values are 

represented in Table 2. 9-Octdecenoic acid (Oleic acid) Hexadecanoic acid ( Palmitic acid), 

Octadeca 9, 12 dienoic acid ( Linoleic acid), Stearates ( Stearic acid),Cis-9-Hexadecenoic 

acid ( Palmitoleic acid), Eicosanoic acid ( Arachidic acid), Alpha linolenicaicd ( Linoleic 

acid) and  Cis-9- eicosenoic acid  ( Gadoleic acid ).Higher percentage value of   Oleic acid ( 

51.5 – 72.8 % )  was analyzed from  all oils. Lower percentage of these fatty acids were 

present  in oil obtained from fruit of O. Ferruginea from Barakhu areas . The results 

revealed   that oil is good source of oleic acid.Where as  linoleic acid  ( 5.4- 12.8 % )and  

palmitic acid( 6.3- 11.3 %)    contents    were lower but within  the limit ofEuropean 

Community Regulation (2008). Furthermore these findings were also in agreement with 

results of the fatty acids  reported  earlier by other authors ( Elkaemiet al , .2016  ;   Capote 

et al., 2007). 

 

Table 3. Quality  indices  of oil extracted from O. Ferruginea  fruits from different 

locations 

Parameters Barakhu Murree KotliSattian 

Free  Acidity  (% oleic  acid ) 0.54 ± 0.01 0.35 ±0.01 0.52 ±0.02 

Peroxide value (meq O2 kg−1) 7.42 ±0.50 11.36 ±0.35 8.35 ±0.15 

K 232 1.65 ±0.04 1.75±0.03 1.86 ±0.05 

K 270 0.15 ±0.00 0.17 ±0.00 0.18 ± 0.01 

Carotenoids (mg kg−1) 2.36 ±0.08 2.55 ± 0.12 2.63±0.15 
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Chlorophylls (mg kg−1) 7.25 ±0.28 8.35 ±0.16 11.25± 0.12 

Oxidative stability (h) 11.15±0.52 12.82 ±0.25 16.68±0.72 

Total phenols (mg kg−1) 108.52 ±5.35 132.46 ±8.65 139.32±6.47 

o-Diphenols (mg kg−1) 82. 65 ±6.42 85.34 ±3.65 96.16 ±4.75 

 

DPPH ( IC50) µg/ml 

 

41.52±0.2 

 

31.45±0.1 

 

15.38±0.2 

 

Iodine value (%) 

 

82.52 ±1.5 

 

84.56±2.6 

 

92.67 ±2.5 

Saponification number mg/ 1 g 

of oil 

192.26 ±3.6 193.35 ±6.5 196.28 ±3.7 

    

 Quality parameters mean value ± Standard deviation  (n=3). 

 

The quality parameters  of oil of  O. Ferruginea are given in Table 3.  All of these 

parameters are within recommended  limit of olive oil published in literature and  

recommended by International Olive Standards (OIC, 2006.). 

Quality Parameters like  Free acidity (FA), Peroxide value (PV) and UV absorption ( K 270, 

K 232) of  O. Ferruginea oil were analyzed to determine their oxidative  stability.  Free acid 

formation might be an important measures of rancidity of foods. Peroxide  value is  broadly  

used  for measure of lipid oxidation and indicates amount of peroxide formed during oil 

oxidation. Similar results were also reported earlier by Ouniet al. (2011). 

Results   of  chlorophyll and carotenoid contents of O. Ferruginea  oil  are provided  in 

Table 3. According to results chlorophyll and carotenoidcontents  of oil obtained from fruit 

of O.Ferruginea from Kotlisattina  have higher values  as compared to  those   got  from  
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Murree and Barakhu.  However, several studies indicates that  pigment amount is 

independent of the olive variety and time of harvesting ( Cerretaniet al., 2008).  

The  oil extracted from fruit O. Ferruginea from Kotlisattian have higher values of  total 

phenols  139.32 ± 6.47 mg/kg as compared to Murree ( 132.46 ±8.65 mg/kg) and  Barakhu ( 

108.52±  5.35 mg/kg) as given in Table 3. Where as values of  O. diphenols observed for oil  

of O. Ferruginea followed   similar pattern. Phenols from olive oil  fight various  reactive 

oxygen  species and also control  the damage caused by free radicals  to cells (Lipid 

peroxidation). Our findings of total phenols and O.diphenols were in agreement with results  

reported many other authors.  

Iodine value (IV)  represent  degree of unsaturation of oil and results of IV of oils are given 

in Table 3. The values supports that the oil is unsaturated due to higher IV while  saturated 

oils have low iodine values . Iodine value depends directly on the number of double bonds 

present in oil  (Dawoduet al.2015). 

Variations  insaponification value (SV) of O. Ferruginae  oil from different locations   were 

observed  and values are presented in Table 3.Saponification number  of oil is a directory  of 

average molecular weight of the triglyceride of   any oil.  Therefore if  saponification 

number is  exceeding   200  mg KOH/g of oil, it  reveal  the existence  of fatty acids  having  

low molecular weight. However, if saponification number is  lower than  190  mg KOH/ g of  

oil , It expose   availability of  higher molecular weight of  fatty acids   in oil ( Vekiariet al. 

2007 ).      

The results of DPPH radical –scavenging activities  ofO. Ferruginea oils  are shown  in  

Table 3.  The  significant difference  in  DPPH radical scavenging activities  of  oils of O. 
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Ferruginae from different locations was observed. The different radical-scavenging 

activities might  be  depended on the composition  of  oil especially   phenolic  contents and  

different  varieties of fruits   particularly it is factual  for  O-diphenols.  

Rainfall or supply of water to olive trees increased weight, volume and pulp/pit ratio but not 

effect on fruit shape .The difference in weight of fruits are mostly due to water contents. 

Water stress may partially effect anddecreased  water content / weight of fruit and may delay 

ripening  stage of fruit. Increasing water content results  increase of  pulp water content but 

firmness of fruit may be  decreased. Reports indicates that  moisture content of   pulp  of 

fruits  and other characteristics of olives ( flavor, texture etc., )  are not mostly different from 

wetted and  nonwetted olive fruit  trees . It was reported by Brighignaet al .(1989) that lower 

sugar  and high oil content of olives from trees irrigated the water indicates greater 

metabolic activities  

Results of fatty acids shows similarity  with  fatty acids composition of oil reported by other  

research worker .The triglycerides fat/oil mainly depend on monounsaturated fatty acid 

(Oleic acid)  along with  minor quantity  of  linoleic acid   ( polyunsaturated fatty acid) and 

saturated fatty acids like stearic acid and palmitic acid ( Aparicio  and Aparicio-Ruiz, 2000). 

Fatty acid composition is considered as key parameter  for purity and authentication of oil. 

High oxidative stability of virgin olive oil is related to high monounsaturated 

/polyunsaturated ratio. 

This  is an important factor in this finding that  oil of  O. Ferruginea  have   higher content 

of monounsaturated fatty acids but also composed of  polyunsaturated  fat. The variation in 

fatty acids composition of oil in current study   could be due to ratio of rain fall  genetic 
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feature of the varieties and geographical growing area. Where as FT-IR analysis confirmed 

presence of important fatty acids in oil by  showing  various function groups  and bonds   of 

fatty acids in oil .  The variation in UV absorption of any oil at   K 232 and K 270 nm are   

connected with changes in conjugated double and triple bonds produced by the oxidation of 

polyunsaturated fatty acids. Higher the percentage of polyunsaturated fatty acids in  the oil , 

the  higher will be  levels of conjugated  bonds (Borchani  et al.,2010).  All sample of oil 

analyzed have higher oxidative stability  ranges  established  for  virgin  olive oil  as 

required by the  European Community Regulation (2008).  FA, PV and UV absorption 

values were lower in oil of O.Ferruginea from Murree  then   Kotli sattian areas , might be 

due to some geographical and climatic factors. PV  of  oil is measure of  degree   to which 

an oil will undergo primary oxidation,  where as  oil with higher degree of unsaturation are 

more susceptible to autoxidation .When oxidation of fatty acids  takes place, the double 

bonds in the unsaturated fatty acids are attacked forming peroxides ( Ouni  et al., 2011).  

According to the literature, hydroperoxides, the initial products of oxidation, comparatively 

unstable and   very sensitive indicator of the early stages of oxidative deterioration  of oil ( 

Vekiariet al., 2007). 

Chlorophylls and carotenoids are considered  as bioactive   substances  those contribute to 

olive oil color but also effects oxidative stability of olive oil  due to their functional 

properties  It has been recognized that polyphenols are substances with natural antioxidant 

properties and their presence in olive oils has been associated to their general quality, 

improving stability , nutritional value and sensorial properties( Fernandes –Silva et al.,2013 

) .Differences in Phenolic and O. phenols contents of oil from different locations  are  might 



43 
 

be  due to genetic variation,  different climatic and  geographical condition and  also due to  

method of  extractions of oil (Singleton and Rossi, 1965). 

The oxidative  stability of virgin olive oil is mainly  depend on its characteristic  of pattern 

of triglycerides ( Low unsaturation iodine  value < 90) and also considered  as polar 

antioxidant   due to presence of  α- tocopherol.  Iodine value  is identity characteristic  of 

natural oil  and defined as the grams of iodine required to absorb 100 grams of samples. 

Where as  saponification is  chemical process in which oil is converted into glycerol and 

fatty acids when treated  with alkali. It is define as  the milligrams of potassium hydroxide 

(KOH) required to saponify 1 g of fat. Plant seeds oils are liquid   mixture of different  

volatile compounds  and possess antioxidant activities, .Antioxidant work by giving  

damaged cells or free radicals  that need to repair themselves by forming an intra-molecular 

hydrogen bond between the free hydrogen of their radicals. Virginal olive oil contents 

various types of phenols  that act as antioxidants, which can lower the  risk of heart disease 

and other similar infections  in human body. Therefore assessment of DPPH radical  activity  

of oil in this study exposed that O. Ferruginea oil is good source of antioxidant  compounds  

could be useful  to  control lipid peroxidation and    reduction of cholesterol level.  It  will  

also helps to  minimize risk of heart diseases to consumers  (  Moon and Shibanoto, 2009). 

 

CONCLUSION 

Results obtained in current study revealed that oil extracted from fruit of O.Ferruginea  

contained higher  quantities of essential fatty acids  ( Oleic, linoleic and linolenic acids) and 

lower amount of non essential fatty acids ( palmitic and stearic acids), which is indication of 

suitability of this oil for  edible proposes  . Where as physical chemical parameters, 



44 
 

oxidativestability  and other  quality indices  of oils are comparable to European Community 

Regulation  and International Olive oil standards. Although fruit size of O. Ferruginea is 

less as compared to  O. Europea which  can  be improved by irrigation and by  using 

modern horticulture techniques while  currently these trees are  growing  naturally only  in  

the forest.  
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HEPATO-PROTECTIVE ROLE OF HONEY AGAINST STREPTOZOTOCIN 

INDUCED DIABETIC HEPATO-TOXICITY 

Asma Ahmed1*, Seerat Fatima1, Nisar Hussain Shah2, Madiha Jabeen1 

ABSTRACT 

Liver is  important organ that deals with different traumas and neutralize a lot of toxins. 

Objective of current study was to examine the hepato-protective effect of honey at 50,100 

and 200ug/ml, in Streptozotocin induced diabetic hepato-toxicity. Albino female rats, 350-

400g, (one vehicle, one positive Hepato-toxic, one positive hepato-protective (induced with 

10 mg/ml/Kg b.w. of animal of metformin) and rest experimental groups (induced with 

extracts)] were induced intraperitoneally with Streptozotocin(55mg/ml/kg b.w). Hepato-

toxicity was checked by measuring blood glucose and Hepato-toxicity was confirmed when 

blood glucose became constant at more than 350 mg/dl. By using open chest method, whole 

blood was collected for evaluating biochemical and oxidative parameters while liver for 

histopathology. Statistically analyzed results showed that ethanolic extract (50 µg/ml) of 

large honey were highly effective for hypoglycemic effects (234.67±97.33mg/dl) followed 

by its 100µg/ml water extract (245±90mg/dl) as compared to vehicle and hepato-protective 

control group (500±30.33 and 370.33±196mg/d) and they also reduced bilirubin (0, 

0.1±0.03mg/dl), ALT(0 and 177.5±25.5u/l), AST(0 and 525±105u/l), ALP (0 and 

273.01±10u/l), Albumin (0, 2.9±0.01g/dl),  globulin (0 and 2.9±0.3g/dl), A/G ratio (0, 

1.005±0.105%), HDL (42±5.3 and 60.2±55.8mg/dl), LDL (19.6±1.13 and 20.3±1.7mg/dl), 

http://www.jbbt.org/
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VLDL (24.6±3.1 and 26.7±7.1mg/dl), Triglycerides (30.3±8.4 and 199.3±121.9mg/dl), Total 

cholesterol (62±4.6 and 81.5±17.2mg/dl), total lipids (442.3±9.5 and 447±52.5mg/dl) and 

HbA1C (6.06±0.11 and 5.2±0.6%). Histopathological examination revealed that these 

extracts reduced inflammation and regenerated hepatocytes with mild bile pigmentation than 

control hepato-protective group which mean honey extracts were more effective than 

synthetic drug. So it’s concluded that honey have more defensive role against hepatic injury 

and its hepato-protective components can be isolated and identified which could be a 

beneficial addition in pharmaceutical industry. 
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INTRODUCTION: 

Liver has reddish brown color and located on right side of belly. Its weight is mostly three 

pounds and considered as the largest meaty organ. It is protected by ribs and near to it there 

was a gallbladder that stores bile which play role in the breakdown of lipids. Liver have two 

lobes right lobe and left lobe which has numerous lobules, these lobules are considered as 

basic unit of liver and having a special type of cells called hepatocyte which are divided into 

three zones. Zone I  is responsible for the metabolism of oxidative stress and is evaluated as 

periportal region of Hepatocytes, Zone II lies between zones I and III and is considered as 

hepatocytes pericentral region and Zone III has a vital role in the drug detoxification and 

biotransformation and also perform many other function (Meharie et al., 2020). Chemicals 

are detoxified by liver and many drugs are metabolized by it that’s why it has biological 

importance in metabolism and it has a vital role in the supply of glucose for the sake of 

energy (Ahmad et al. , 2014). This function may become unaffected by exposure of certain 

types of toxins or infections that cause destruction of cellular functions by damaging 

hepatocytes leading to necrosis. Hepatic destruction increases the level of aspartate 

transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase (ALP) which 

causes diabetes (Tegegne et al., 2017) 

mailto:asma.ahmed@imbb.uol.edu.pk
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Streptozotocin is a type of drug which can damage β- cells of pancreases and cause 

deficiency of insulin. It has antibacterial properties and discovered from a kind of soil 

bacterium (Streptomyces achromogenes). It can destroy DNA of cells and used to induce 

diabetes in rats. It appears as white power and intraperitoneally injected in rats by dissolving 

it in citrate buffer.265 g/mol is the molecular weight of Streptozotocin and its chemical 

formula is C8H15N3O7 (Costa et al. , 2016). It was known that Streptozotocin effect the 

concentration of glucose after two hours of injection glucose cumulate in the body causing 

hyperglycemia and after six hours there was immense decrease in insulin concentration 

causing dysfunction of beta cell of pancreas, it is noticed that streptozotocin first temporarily 

stop the function of pancreatic islet and then this loss can be permanent (Arwa et al., 2017). 

Streptozotocin is carried by β-cells through GLUT 2 transporter and cause cell death.  There 

were three important processes related to cell death which are DNA methylation, Nitric 

oxide and free radical production (Diseases of Pregnancy and Fetal Programming: Cell and 

Molecular Mechanisms et al., 2014). Nitric oxide is component of Streptozotocin which 

constrains activity of aconitase important for DNA damage. Streptozotocin accelerates the 

activity of malondialdehyde (MDA) and deplete antioxidant activity which cause oxidative 

stress resulting diabetes. 

Honey is one of the beneficial products as our religion Islam also emphasizes on the 

use of honey by human beings to enhance the taste of our products or as a curative medicine. 

There is a special surah in the Holy Quran which is named as ‘surah al Nahl’ that highlights 

the use of honey as in food or in medicine (An-Nahl .16; Al-Madinah Al-Munawara., 1990). 

Honey has different contents liable on the plant flora, but the main content of honey remains 

the same which are sugar and water. Glucose and fructose are the main sweetener contents 

in honey which play the role of sugar; they constitute 85-95% of total sugar content (Zhao et 

al. , 2018). Glucose and fructose have different structural formula but same molecular 

formula (Erejuwa et al. , 2012). Honey also contain many other components like amino 

acids, vitamins, flavonoids, enzymes and so on (Figure 01) (El-Haskoury et al. , 2019). 

Honey is a sweet product made by honey bees by using nectar collected from 

flowers. Honey bees are found all over the world and they live in the form of colonies where 

there are queen, drone and worker bees which are responsible for the production of honey. It 

is one of the useful products that add taste to different dishes and had health benefits. Honey 

is used as curative medicine from ancient time and is the largest sweetener until 1800 before 

the production of artificial sugar (Buba et al., 2013). Honey have a variety of origins so there 

are different kind of honey depending upon their taste and colour (Asaduzzaman et al., 

2015). The composition of honey is very complex as it has fructose, glucose, enzymes and 

vitamins (Figure 01) that play role in the recovery of many diseases such as respiratory 

disorders, cardiac problems and in case of diabetes. Medical researchers indicate its roles as 

hepato-protective and antioxidant. Wounds are also healed by honey it is consider as a 

nature’s mankind medicine from ancient time. Polyphenols are the constituents of honey 
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which donate electrons and hydrogen group from hydroxyl ion to control the production of 

reactive oxygen species which are agents for causing oxidative stress (Mahmood et al., 

2016). 

 

Figure 1. Chemical composition of honey (Mahmood et al., 2016). 

 

Role of honey by mediating hypoglycemia condition caused by fructose Content had 

no interaction between insulin and fructose when blood glucose concentration is very low or 

no glucose were present in that medium however the interaction between insulin and 

fructose were elucidated when glucose was present in massive amount. Honey has vital role 

in everyday life it control diabetes and its high sugar content diminishes the microbes 

growth. In diabetic patient, there was oxidative stress due to hyperglycemic condition and 

honey is beneficial in this case as it has antioxidant properties (Afroz et al., 2016). In the 

presence of glucose, the rate of intestinal absorption for fructose is increased but the 

procedure that how glucose increases this absorption is still not known (Buba et al., 2012). 

Glucose was considered as the second most important content of honey. Disaccharide-

related transport system was used to absorb fructose in the presence of glucose while in the 

absence of glucose saturated carrier was used to absorb fructose. Flavonoids having 

diphenylpropane structure (C6-C3-C6) comprising of two aromatic rings which are joined 

by three carbons are the major type of polyphenols. They are chiefly liable for anti-

inflammatory and antioxidant property of honey and perform their action through 

scavenging or chelating processes. Catechins, belong to flavonoids group of polyphenols are 

component of honey and have scavenging ability for superoxide, hydroxyl radicals and lipid 

free radicals (Amabye, T.G. & Mekonen, F. 2016). The aims of current research was the role 

of honey in streptozotocin induced diabetic hepato-toxicity by the histopathology of liver 

and Analysis of Biochemical parameters of blood. 
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MATERIALS AND METHODS 

CHEMICALS AND DRUGS 

Streptozotocin was purchased from the Sigma aldrich and dissolved in sodium citrate buffer 

(pH 4.5). Metformin (Brand name Glucophage) and Glucose was purchased from the 

pharmacy of The University of Lahore Teaching hospital, Lahore on the prescription of a 

PMDC recognized physician. 

COLLECTION AND PREPARATION OF HONEY SAMPLES 

Honey of big bee and small bee were collected from Rose and Jasmine Garden, 

Islamabad and from the Kassor.. Before using they were first purified as they were in crude 

form.Ethanolic and water extracts of honey were prepared by adding ethanol with samples 

(1:10 ratio), shaked for 24 hours by placing it in water bath at 25 oC. Than distilled water 

was added in this mixture and repeated the same procedure. Water and ethanol layers were 

separated by separating funnel and evaporated the extracts for dryness. 3 dilutions (50 

ug/ml, 100 ug/ml and 200 ug/ml) of each extract were prepared in DMSO and saved for 

further use. 

HEPATO-PROTECTIVE ASSAY 

Animals 

Female Albino rats (350-400g) were kept in the animal house of ‘The University of Lahore, 

Lahore and were monitored two times a day by the expert attendant of animals and 

acclimatized at 25±2.0°C with 24 hours light/dark cycle. Prior to experiment they were 

given ad libitum pellet diet for two months which was a commercial diet of rats along with 

water so that they again weight. Furthermore    study on rats  was conducted  after getting 

permission from ethical committee of university  constituted for   experiments on animals.  

ORAL GLUCOSE TOLERANCE TEST (OGTT) 

Before the induction of Streptozotocin, rats were fasted for 24 hours and then100 g glucose/ 

10 ml water was orally loaded in rats through gavage. First blood glucose level was 

measured before loading glucose in rats and then after giving glucose its level was again 

measured at interval of 30, 60, 90 and 120 minutes by using pre calibrated Glucometer 

GL110 (CERTEZA medical, made by Germany) by pricking the tail of rats (Ahmed et al. , 

2016).  
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Experiment Design 

Only female albino rats, divided into 15 groups (3 rats/group) were kept in cages in 

animal house. Only those rats were selected for experiment whose blood glucose level was 

more than 350 mg/dl after OGTT. Group 1 was treated with 0.9% normal saline (negative 

control group/ Vehicle), group 2 was induced with Streptozotocin only (Diabetic Hepato-

toxic control group), group 3 was injected with streptozotocin and metformin (Hepato-

protective control group) (Ahmed et al. , 2015) and the rest of twelve groups (group 4 to 15) 

were made hepato-toxic with STZ and then treated with honey extract (experimental groups) 

in the following manner: 

Group 4: 50 ug/ml Water extract of small honey 

Group 5: 50 ug/ml of ethanolic extract of small honey 

Group 6: 50 ug/ml of water extract of large honey 

Group 7: 50 ug/ml of ethanolic extract of large honey 

Group 8: 100 ug/ml of Water extract of small honey 

Group 9: 100 ug/ml of ethanolic extract of small honey 

Group 10: 100 ug/ml of water extract of large honey 

Group 11: 100 ug/ml of ethanolic extract of large honey 

Group 12: 200 ug/ml Water extract of small honey  

Group 13: 200 ug/ml ethanolic extract of small honey 

Group 14: 200 ug/ml of water extract of large honey 

Group 15: 200 ug/ml of ethanolic extract of large honey 

 

3.4.2 INDUCTION OF HEPATO-TOXICITY 

Streptozotocin (55mg/ml sodium citrate buffer at Ph 4.5 buffer/kg of body weight of animal) 

was measured just before giving intra-peritoneal injection to rats, along with 10 glucose 

solution. After 3 days of Streptozotocin induction, blood glucose level of rats was measured 

to confirm hyperglycemic condition for seven connective days which was an indicator for 
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confirmation of diabetetic hepato-toxicity by pre calibrated Glucometer, until blood glucose 

level became constant.  

After two days, after giving anesthesia to animals, open chest method was used for 

the collection of whole blood of animals from the heart of rats in separate vacutainers for the 

quantitative assessment of biochemical and oxidative parameters like AST (mg/dl), ALT 

(mg/dl), bilirubin (mg/dl), ALP (u/l), albumin (mg/dl), globulin (mg/dl), total protein 

(mg/dl), A/G ration (%), HDL (mg/dl), LDL (mg/dl), VLDL (mg/dl), Triglycerides (mg/dl), 

Total cholesterol (mg/dl), Total lipids (mg/dl) and glycated hemoglobin (%) by using 

standard kit method at the Hematology lab of University College of Medicine and Dentistry 

(UCMD), The University of Lahore, Lahore. Liver was saved in 10 % formalin for its 

fixation which was cut, stained and slides were prepared in the histopathology lab of The 

University of Lahore, Lahore. These slides were then examined under microscope at 40. 

STATISTICAL ANALYSIS 

The data was analyzed by one way ANOVA by using MiniTab software. 

Furthermore the mean error was calculated and results expressed as Mean ± SEM. 

 

RESULTS 

 ASSESSMENT OF BLOOD GLUCOSE LEVEL 

Vehicle had normal glucose level (80.66±4.2 mg/dl) while animals in all other 

groups had increased blood glucose level after the induction of streptozotocin (Table 1). All 

those animals whose blood glucose level was more than 550 mg/dl were considered diabetic 

Hepato-toxic. It was noticed that the level of glucose was decreased in experimental groups 

(372±70,530±0, 319±0, 237.7±137.3, 117±0, 294.5±145.75, 301±0, 273.5±167.5, 

89±0,331.5±37.5, 304±0) as compared to other groups. Out of these experimental groups the 

level of glucose was extremely low in rats which were injected with 200 ug/ml ethanolic 

extract of small honey (89.05±0.5). While the level of glucose was maximally high in 

hepato-toxic group (535.25±65.5) as it was hyperglycemic condition. The level of glucose 

was also low in hepato-protective control group (291.35±89) (Table 2). 
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Table 1. Oral glucose tolerance test of rats 

Groups/ Blood glucose level (mg/dl) 

Time (Minutes) 0 30 60 90 120 

Group 1 78±6.1 140.45±7.97 205.33±12.99 267±8.23 370±16.52 

Group 2 140.33±3.1 195±60 257.33±4.91 304.67±22.89 390.67±38.11 

Group 3 99±13.11 220±150.55 270±30.33 330±20 366±52.66 

Group 4 70.67±2.3 145±30.11 210±15.67 279±22.66 365±30 

Group 5 110.67±7.99 197.67±25.44 248±5.67 299±5.44 366±19.33 

Group 6 125±50 162.33±29 242±15.67 293.67±10 399.33±13 

Group 7 92±7.33 151.33±20 203.67±40.11 298.33±19.67 354±26.33 

Group 8 80±12 189±11.66 213±117.55 288±7.77 391±6.67 

Group 9 69±48.88 186±10.66 240±13.33 323±22 392±47.55 

Group 10 90±5.78 186±6.89 227±2.44 285±4.67 395±19.79 

Group 11 96±2.66 173±12.66 241±34.66 292±12.67 363±14.11 

Group 12 94±12 194±23.33 220±42.33 290±20 363±45.66 

Group 13 124±2.66 200±13.11 296±22 330±55.66 353±24.33 

Group 14 86±10.66 155±7.66 105±26.33 299±25.66 362±14.11 

Group 15 122±26.66 223.66±30 288±12.66 300±15.11 399±13.66 

Note: ±=Result obtained after triplicate analysis 
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 Table 2. Blood glucose level (mg/dl) of rats before and after induction of diabetic hepato-

toxicity 

 

Groups Before toxicity After toxicity 

Group1 86±4.2 - 

Group 2 87±28.2 370.33±196 

Group 3 71±8.11 500±30.33 

Group 4 117±18.33 433±92.33 

Group 5 74±7.91 340±55.78 

Group 6 77±17.33 353.33±38.44 

Group 7 65±0.9 234.67±97.33 

Group 8 159±7.4 384.67±38.11 

Group 9 74±5.67 377±66 

Group 10 78±5.0 245±90 

Group 11 118±4.0 376±69.33 

Group 12 67±4.8 311.33±118.23 

Group 13 77±18.33 452±44.67 

Group 14 90±20.33 522±78 

Group 15 65±9.11 377±67.33 

Note: ±=Result obtained after triplicate analysis 
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 ASSESSMENT OF BIOCHEMICAL AND OXIDATIVE PARAMETERS OF 

BLOOD 

There were same reduction in bilirubin level by 50ug/ml and 100ug/ml of water 

extract of large honey (0.1±0.002 and 0.1±0.03 mg/dl respectively) as compared to hepato-

protective control group (0.1±0.005 mg/dl), Vehicle (0.3±0.03 mg/dl) and hepato-toxic 

control group (0.2±0.002 mg/dl).Ethanolic extracts of small and large honey at 100ug/ml 

showed maximum reduction in ALT level (64.5±2, 68.5±2.0 U/L) followed by 200ug/ml of 

ethanolic extract of small honey (79.05±2.01 U/L). 200ug/ml of Ethanolic extract of large 

honey showed increase in ALT level (577.25±30.25 U/L) while water extract showed 

reduction (55.25±0.005 U/L) as compared to Hepato-protective control group (83.01±40 

U/L), vehicle (87.2±1.7 U/L) and Hepato-toxic group (89±12.5 U/L) respectively.It was 

evaluated that 100ug/ml and 200ug/ml of ethanolic extracts of small honey showed 

maximum reduction in AST (260±0.5 and 303.01±20 U/L respectively) and ALP level 

(135±0.7 and 130.01±0.45 U/L) than that of large honey (AST level  was 1240±0.75 and 

1156.1±91 U/L while ALP level was 684.01±0.45 and 383.01±50 U/L respectively). Water 

extracts of both honey at all concentrations also increased the level of AST (1325.5±90.3, 

1306±2.01 972.5±631.5, 525±105, 392±55.5 and 497.5±62.5 U/L respectively) as compared 

to hepato-protective (307±92.01 U/L), vehicle (269±64.01 U/L) and hepato-toxic groups 

(368.8±166 U/L) respectively. While ALP level rose maximally by 200ug/ml of water 

extracts of small honey (774.5±56.35 U/L) as compared to hepato-protective control group 

(231.5±19.5 U/L), vehicle (91±30 U/L) and hepato-toxic control group (127±12 U/L).Total 

protein activity was maximally reduced by 200ug/ml of water extract and 50ug/ml of 

ethanolic extract of small honey (3.6±0.5 and 5±0.1 g/dl) and 50ug/ml of water extract of 

large honey (5.6±0.45 g/dl) while on the other hand 50ug/ml water extract of small honey 

elevated total protein (6.15±0.35 g/dl). The activity of total protein was also increased by 

100ug/ml water and ethanolic extracts of small honey and 100ug/ml and 200ug/ml of large 

honey (7.5±0.4, 7.3±0.45, 5.8±0.3, 6.3±0.2, 7.1±0.1, 6.65±0.15, 6.4±0.3 g/dl respectively) as 

compared to hepato-protective (6.3±0.4 g/dl), Vehicle (7.8±0.4 g/dl) and Hepato-toxic 

control groups (7.7±0.1 g/dl). In case of liver damage albumin level decreases so in current 

study the level of albumin was high in vehicle (3.9±0.2 g/dl) as compared to hepato-toxic 

(3.6±0.3 g/dl) and hepato-protective control groups (3.05±0.45 g/dl). Extremely high 

increase in albumin level was shown by 100 and 200ug/ml water and ethanolic extracts of 

small honey (3.55±0.45, 3.5±0.01, 3.1±0.4 and 3.3±0.005 g/dl respectively) and large honey 

(2.9±0.01, 2.8±0.005, 2.72±0.05 and 2.8±0.5 g/dl respectively). Least increase in albumin 

activity was shown by 50ug/ml ethanolic extract of small honey (2.2±0.005 g/dl) and water 

extract of large honey (2.5±0.005 g/dl). The level of globulin was slightly high in hepato-

toxic control group (4.1±0.5 g/dl) as compared to vehicle (3.97±0.18 g/dl) and hepato-

protective control groups (3.25±0.05 g/dl). 100ug/ml water extract of large honey effectively 

reduced globulin level (2.9±0.3 g/dl) as compared to control groups while 50 ug/ml water 

extracts of small honey and large honey also showed  reduction in globulin level (3.15±0.15 
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and 3.1±0.1 g/dl). On the other hand 100ug/ml and 200ug/ml water and ethanolic extracts of 

small and large honey showed gradual increase in its level (3.95±0.05, 3.8±0.3, 2.9±0.3, 

3.5±0.1, 4.05±0.5, 3.8±0.2, 3.9±0.1 and 3.6±0.2 g/dl) as compared to control groups.In case 

of liver damaged, A/G ratio becomes high so from current study it was observed that % 

reduction in A/G ratio was shown by 50ug/ml ethanolic extract of small honey (0.59±0.001) 

while it decreased slightly by 50ug/ml water extract of large honey (0.8±0.003), 100ug/ml 

ethanolic extract of large honey (0.8±0.025) and 200ug/ml water and ethanolic extracts of 

both honey samples (0.76±0.05, 0.86±0.005, 0.705±0.005 and 0.77±0.005).On the other 

hand 50ug/ml water extract of small honey showed elevation in A/G ratio (0.945±0.015) and 

its level was highly increased by 100ug/ml water extract of large honey (1.005±0.105) as 

compared to hepato-protective group (0.94±0.16), vehicle (0.97±0.02) and hepato-toxic 

group (0.88±0.12). 100ug/ml ethanolic extracts of large honey was noticed more effective 

for the reduction of total lipids (381.3±19.7 mg/ml) like that of hepato-protective control 

group (392±308.5 mg/ml) as compared to vehicle (586±29 mg/ml) respectively. 50ug/ml 

and 100ug/ml ethanolic extracts of large honey were found to be more efficient for the 

reduction of cholesterol in diabetic rats (62±4.6 and 76±5.3 mg/ml respectively) just like 

metformin treated group (127.5±16.5 mg/ml) as compared to vehicle and hepato-toxic 

control (84.25±7.625 and 93.5±4.2 mg/ml respectively). 100ug/ml and 200ug/ml ethanolic 

extracts of large honey were more efficient to reduce triglycerides in diabetic hepato-toxic 

rats (79.3±10.9 and 117±28 mg/ml respectively) as compared to hepato-protective control 

(339.5±229.5 mg/ml), vehicle (98.25±153.5 mg/ml) and hepato-toxic control (219.5±16.5 

mg/ml) respectively. For the reduction of level (mg/ml) of HDL, LDL, VLDL, total protein 

and glycosylated hemoglobin (%) levels, like hepato-protective control group (69.5±4.5, 

27±8, 83±59, 0.075±0.025 and 5.25±0.45 respectively), all concentrations of ethanolic 

extracts were more effective [(42±5.3, 42.3±2.4 and 53.3±4.9), (19.6±1.13, 20.6±3 and 

40±26), (24.6±3.1, 19.6±3.13 and 28.3±11.1), (0.06±0.02, 0.13±0.04 and 0.06±0.02) and 

(6.06±0.11, 5.03±0.95 and 6.03±0.75 respectively] as compared to vehicle (48.25±10.5, 

17.5±2.5, 19.5±7.75, 0.055±1.38 and 4.77±0.96 respectively) and Hepato-toxic control 

(57.5±3.5, 17±2, 48.5±6.5, 0.06±0.01 and 11.9±5.95 respectively) (Table 3 and Figure 2). 
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Table 3. Biochemical and Oxidative parameters in Post treated animals 

Groups Sam

ple 

S Conc. 

(µg/

ml)  

Biliru

bin 

(mg/dl

) 

SGPT(A

LT) 

(u/l) 

SGOT(
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(u/l) 

ALP (u/l) TP 

(g/dl) 
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min 
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lin 

(g/dl) 
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Ratio 

(%) 

Glucose 

level 

(mg/dl) 
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lipids 

(mg/dl) 

Cholest

erol  

(mg/dl) 

TGs(m

g/dl) 

HDL 

(mg/dl

) 
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L 

(m

g/dl

) 
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DL 
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dl) 

TP 
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/dl) 
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1c 

(%) 

Vehicle Salin

e 

W  0.9 

% 

0.3±0.

03 

7.2±1.7 296±64.

01 

91.01±38

.0 

7.8±0.

4 

3.9±0.

2 

3.97±

0.18 

0.97±

0.02 

15.45±3

3 

471.7±

33.6 

84.25±

7.625 

98.25±

153.5 

48.25

±6.5 

17.

5±2

.5 

19.5

±2.7

5 

0.0

55±

1.3

8 

4.77

±0.9

6 

Hepato-

toxic 

control 

STZ SC

B 

55 

mg/m

l 

0.2±0.

002 

89±12.5 368.8±1

66 

127±12.0

1 

7.7±0.

1 

3.6±0.

3 

4.1±0.

5 

0.88±

0.12 

535.25±

65.2 

586±29 93.5±4.

2 

219.5±

16.5 

57.5±

3.5 

17±

2 

48.5

±6.5 

0.0

6±0

.01 

11.9

±5.9

5 
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+ 
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. 

SC

B 

 10 

mg/m

l 
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0 
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01 
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.5 

6.3±0.

4 

3.05±

0.45 

3.25±

0.05 

0.94±

0.16 
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89 
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8.5 

127.5±

16.5  

339.5±

229.5  

69.5±

4.5 

27±

8 

83±

59 

0.0

75±

0.0

25 

5.25

±0.4

5 

Experim

ental 

SH W 50 0.25±

0.02 

141.55±

45 

1325.5±

90.3 

674.01±1

44 

6.15±

0.35 

3±0.2 3.15±

0.15 

0.945

±0.01

5 

372±70 422±97

.3 
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7 

369±19

.4 
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13.

3±1

.8 
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±4.6 

0.4

4±0

.24 
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5 
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259±0.5

5 
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.9 
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005 
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45 
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0.001 
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95 
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4 

42±5.

3 

19.

6±1

24.6

±3.1 

0.0
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6.06
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.13 .02 1 

LH W 50 0.1±0.

002 

614±0.4
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1306±2.

01 
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.6 
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45 
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005 
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9.5 
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±3.1 

0.0

6±0

.02 

6.06

±0.1

1 

SH W 100 0.15±

0.02 

449±36.

8 

972.5±6

3.1 

142.5±51

.5 

7.5±0.

4 

3.55±

0.45 

3.95±

0.05 

0.895

±0.12

5 

237.7±1

37.3 

447±52

.5 

81.5±1

7.2 

199.3±

12.1 

55.8±

6.2 

20.

3±1

.7 

26.7

±7.1 

0.0

7±0

.01 

5.2±

0.6 

 Eth 100 0.1±0.

025 

64.5±2 260±0.5 135±0.7 7.3±0.

45 

3.5±0.

01 

3.8±0.

30 

0.92±

0.005 

117±10 381.3±

19 

76±5.3 79.3±1

0.9 

42.3±

2.4 

20.

6±3 

19.6

±3.1 

0.1

3±0

.04 

5.03

±0.9

5 

LH W 100 0.1±0.

03 

177.5±2

5.5 

525±10

5 

273.01±1

0 

5.8±0.

3 

2.9±0.

01 

2.9±0.

3 

1.005

±0.10

5 

294.5±1

4.75 

447±52

.5 

81.5±1

7.2 

199.3±

121.9 

62±55

.8 

20.

3±1

.7 

26.7

±7.1 

0.0

7±0

.01 

5.2±

0.6 

 Eth 100 0.1±0.

025 

68±2.0 1240±0.

75 

684.01±0

.45 

6.3±0.

02 

2.8±0.

005 

3.5±0.

1 

0.8±0

.025 

301±0 381.3±

19.7 

76±5.3 79.3±1

0.9 

42.3±

2.4 

20.

6±3 

19.6

±3.1

3 

0.1

3±0

.04 

5.03

±0.9

5 

SH W 200 0.1±0.

002 

155.5±1

8.5 

392±55.

5 

774.5±56

.35 

3.6±2.

0 

3.1±0.

4 

4.05±

0.5 

0.76±

0.05 

273.5±1

67.5 

684.6±

26.4 

119.3±

4.8 

190.6±

5.5 

160±1

0.6 

30.

3±7

.76 

55±

3.6 

0.3

1±0

.2 

5.16

±0.6 
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 Eth 200 0.1±0.

003 

79.05±2

.01 

303.01±

20 

130.01±0

.45 

7.1±0.

1 

3.3±0.

005 

3.8±0.

2 

0.86±

0.005 

89.05±0

.5 

551±16

.3 

121±4.

6 

117±2.

8 

53.3±

4.9 

40±

2.6 

28.3

±11 

1.3

8±0

.05 

6.03

±0.7

5 

LH W 200 0.2±0.

005 

55.25±0

.01 

497.5±6

2.5 

350.02±8

.01 

6.65±

0.15 

2.72±

0.05 

3.9±0.

1 

0.705

±0.00

5 

331.5±3

7.5 

684.6±

26.2 

119.3±

45.8 

190.6±

52.4 

160±1

06.6 

30.

3±7

.76 

55±

30.6 

0.3

1±0

.2 

5.16

±0.6 

 Eth 200 0.1±0.

02 

577.25±

30.2 

1156.1±

91 

383.01±5

0 

6.4±0.

3 

2.8±0.

5 

3.6±0.

2 

0.77±

0.005 

304±9.1

0 

551±16

3.1 

121±46 117±28 53.3±

4.9 

40±

26 

28.3

±11.

1 

0.0

6±0

.02 

6.03

±0 

STZ= Streptozotocin, Metf= Metformin, SH= Small honey, LH= Large honey, SCB= Sodium citrate buffer, W= Water, Eth= Ethanol, S= Solvents, TP= Total 

protein, TGs= Triglycerides ±=Result obtained after triplicate analysis 
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Figure 2. Biochemical and oxidative parameters of rats 

C=Control, SCB=Sodium Citrate Buffer; PHT=Positive Hepato-toxic, PHP=Positive Hepato-protective, W=water, E=Ethanol 
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      ASSESSMENT OF HISTOPATHOLOGY OF LIVER 

Liver cells of all groups were examined for cellular analysis. 

 Histopathology of control groups 

In negative control group rats all hepatocytes were normal with normal nucleus. (3 a). 

There was no liver injury and no bile pigmentation seen in liver cells. Hepatocytes of Hepato-

toxic control group were damaged and there was swelling in cell wall of kuffer cells due to 

induction of streptozotocin that caused oxidative stress and severe bile pigmentation (Figure 3 b). 

While damaged hepatocytes of hepato-protective control group were repaired but there were still 

hepatic lesions and hepatocytes were going to regenerate (Figure 3 c). Kuffer cells were seen in 

this group performing their activity of first line of defense. 

 Histopathology of Experiment groups  

Liver cells of animals from group 4 to 7 at 40X showed that induction of 50ug/ml water 

and ethanolic extracts of small and large honey performed function to reduce inflammation of 

cell but there was still swelling of cell walls seen along with damaged cells (hepatocytes) (Figure 

4.12 to Figure 4.15) and there was still bile pigmentation. While in liver cells of animals from 

group 8 to 11 hepatic lesions were reduced. The swelling of cell was still seen but somehow it 

was reduced due to induction of 100ug/ml of water and ethanolic extracts of  small and large 

honey (Figures 4.16 to Figure 4.19). There was bile pigmentation but it was mild and not sever. 

The liver cells were going to regenerated. Its mean that honey extracts were effective against 

hepato-toxicity. In hepatic cells of animals from group 12 to 15, there was regeneration of 

hepatocytes and sever reduction in swelling of cell walls and in bile pigmentation due to 

induction of 200ug/ml of water and ethanolic extracts of small and large honey. However it was 

noticed that honey had moderate effect to control hepatic damage (Figures 4 a - l). 
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Figure 3. Histopathological examination of (a) Vehicle (b) Hepato-toxic control group (c) Hepato-

protective control group 
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Figure 4. Histopathological examination (at 40 X) of experimental groups  

 

[(a)  Ethanolic extract (50µg/ml) of SH (b) Water extract (50µg/ml) of SH (c) Ethanolic extract 

(50µg/ml) of LH (d) Water extract (50µg/ml) of LH (e) Ethanolic extract (100µg/ml) of SH (f) 
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Water extract (100µg/ml) of SH (g) Ethanolic extract (100µg/ml) of LH (h) Water extract 

(100µg/ml) of LH (i) Ethanolic extract (200µg/ml) of SH (j) Water extract (200µg/ml) of SH (k) 

Ethanolic extract (200µg/ml) of LH (l) Water extract (200µg/ml) of LH] 

 

DISCUSSION 

Streptozotocin (STZ) is a toxin that leads to inflammation and apoptosis of β-cells in the 

pancreas mimicking autoimmune diabetes. Moreover, in high concentrations, acute toxicity in 

extra pancreatic organs has been described. 80 μg/g STZ or solvent (interperitoneally) over 5 

days led to 2.1-fold induction of antiapoptotic cFLIP mRNA in liver tissue on day 21 following 

STZ treatment. Moreover following treatment with STZ, the levels of ALT were elevated 3.8- 

and 3.9-fold, respectively, in control albumin promoter mice on days 12 and 21. Levels of 

malondialdehyde (MDA), a marker of oxidative stress, doubled in response to STZ treatment. 

Histological analysis of liver tissue showed lobular infiltrating inflammatory cells on day 21 

following STZ injections and a higher degree of apoptotic Hepatocytes with increased amounts 

of activated caspase-3. Levels of pro- and anti-inflammatory proteins involved in the regulation 

of the mitochondrial axis of the apoptosis signal, including Bid, Bcl-2 and Bcl-Xl are not 

differently expressed and are left unaffected by STZ treatment. Thus, hepatocellular injury from 

STZ in mice is regulated by cFLIP and involves both acute toxicity and metabolic mechanisms 

that occur only in vivo. In Short STZ treatment leads to hepatic inflammation and apoptosis in 

mice with cFLIP-deficient Hepatocytes while STZ-induced expression of cFLIP protects mice 

from liver injury (Kohl et al. , 2013). Prolonged activation of JNK was previously shown to 

promote apoptotic liver injury from TNF. Moreover activation of NF-κB involves alterations of 

RelA (p65) and NF-κBB2 (p100/p52) (Schattenberg et al. , 2006) and has been implied in 

inflammatory liver injury and hepatocarcinogenesis, as well as in the context of STZ-induced 

diabetes (Beraza et al. , 2009). Hepatocyte cell death from STZ occurs as caspase-dependent and 

is ameliorated by inhibition of JNK and insulin treatment ex vivo. It is prevented by deletion of 

JNK2 and is dependent on T and B lymphocytes (Kohl et al. , 2013). 

As honey comprised of some major components such as manganese, zinc, copper, 

potassium, calcium etc, which have a key role in the control of liver diseases (Amabye, T.G. & 

Mekonen, F. 2016). Out of these some mineral regulate blood glucose level and maintain it to its 

normal level and also secrete insulin from pancreatic β-cells (Afroz et al., 2016) while other 

minerals like copper and zinc are known to play role in metabolism of glucose and insulin. 

Honey has a positive effect to cure hepatic damage by reducing the activity of various enzymes 

which are responsible for proper functioning of liver. Phospholipase A2 enzyme present in honey 

shows its action on plasmatic lipoprotein by lysing the cell membrane (Buba et al .,2011), which 

increases the rate of glucose transportation and takes up lipids into adipose tissues and increase 

the binding of insulin molecule.  
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In hepatic damage the level of SGOT and SGPT is extremely high in diabetic rats which 

was then maintain back to its normal level by treating them with honey, now it was shown that 

level of SGOT and SGPT was low in honey consuming rats as compared to the hepato-toxic rats. 

This is the main indicator of normal functioning of liver. Liver damage may acute or chronic 

which depends on the concentrations of SGOT,SGPT, bilirubin as well as bile pigment. The 

elevation in these parameters gives us strong evidence about hepato-toxicity. Phenolic and 

flavonoids of honey also have a curative effect against streptozotocin induced hepato-toxicity 

and they do it by their antioxidative feature by which different types of phenolics and flavonoids 

inhibit the formation of Cu2+ induced oxidative modification of lipoproteins and ALT and AST 

activities in serum (Wang et al., 2015). 

Total protein concentration, albumin and globulin decreases in hepatic injury leading to hepato-

toxicity. This estimation is considered as addition test to check hepatic damage. Honey is 

however a good curative medicine to maintain total protein, albumin and globulin levels. Honey 

has a defensive mechanism against oxidative stress caused by various drugs. It was noticed that 

herbal medicine have role in the normal functioning of many parameters (Zhao et al. , 2018). 

Honey of Apis cerana Fabricius depresses the liver index, decreases the enhancement of serum 

aminotransferase induced by bromobenzene, improves the hepatic MDA content, SOD, and 

GSH-Px activities, and inhibits the expression of TGF-β1, with the result indicating that the 

treatment with A. cerana honey can protect bromobenzene- induced liver injury in mice. 

 

Conclusion: 

It is revealed that control group hepatic cells have normal nuclei, hepato-toxic group showed 

extremely large hepato lesions and hepato-protective positive control group showed regenerated 

hepatocytes due to Metformin. The experimental groups showed reduced hepatic injury as 

compared to hepato-toxic group. Same like histopathology the activity of AST, ALT and 

bilirubin increased in hepato-toxic group as compared to control group which is then maintained 

back by administration of honey samples. It is concluded that honey has shown more 

hepatoprotection at low dose while extracts of small honey were more hepato-protective than 

large one and Ethanolic extract were more active than water extracts.  In future different 

compounds of honey can be isolated and Hepato-protective drug can be formulated. Moreover it 

is noticed from current research that water and Ethanolic extracts of small and large honey play a 

significant role in maintaining the activity of different proteins and liver enzymes. 
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EVALUATION OF ANTIOXIDANT AND CYTOTOXIC ACTIVITY OF EXTRACT 

AND VARIOUS FRACTIONS OF FICUS CARICA L. LEAVES 

Syeda Hira 1 *    Hina gul,  Sobia Khaddam ,Shehzadi Tabbasum 

ABSTRACT  

Ficus carica commonly referred as fig is native to south west Asia. It is known for its 

pharmacological properties. The present study was designed to evaluate the antioxidant and 

cytotoxic activity of methanolic extract of F.carica leaves and its derived fraction(s). F.carica 

methanolic extract (FCM) was fractionated into n.hexane (FCH), chloroform (FCC), ethyl 

acetate (FCE) and aqueous fraction (FCA).  Colorimetric method was used to determine total 

phenolic and flavonoid content. In vitro antioxidant activity was evaluated by DPPH, Hydrogen 

peroxide, ABTS, hydroxyl scavenging and ferric reducing power assay. The cytotoxic effect of 

extract and fractions against HepG2 cell line was determined by using MTT cytotoxicity assay. 

Ethyl acetate fraction and crude methanolic extract exhibited higher total phenolic content (125.4 

± 3.03, 98 ± 1.89 mg GAE/g dw) and flavonoid content (31.4 ± 1.6 mg, 19.2 ± 0.31 mg QE/g 

dw). Among all extract / fractions ethyl acetate exhibited highest antioxidant potential against 

DPPH, Hydrogen peroxide, ABTS and Hydroxyl radical. F.carica leaves extract/fractions 

showed cytotoxic potential with IC50 value ranging from (25 to 240 µg/ml). Methanolic extract 

exhibited lowest IC50 (25 µg/ml) which indicated its higher cytotoxic potential against MCF-7 

cancer cells.The results scientifically support the antioxidant and cytotoxic potential of Ficus 

carica leaves. More investigations are required for antioxidant and anticancer compounds 

isolation and characterization. 

Keywords:  Ficus carica, extract, solvent fractions, antioxidant, MTT assay, cytotoxic 

____________________________________________________________________________  
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INTRODUCTION 

Plants now become the major health care resource because of their preventive role against 

various human diseases. WHO reported than more than 80% of world population is now relying 

on medicinal plants because they have no side effects (Kumar et al., 2011). About one-fourth of 

recommended drugs are phytochemicals origin which is evident of immense potential of 

phytochemicals in pharmaceutical industry (Paz-Elizur et al., 2008).Various metabolic reactions 

in human body produce free radicals as a byproduct. Over production of these free radicals 

produce oxidative stress which develop pathogenesis such as cancer, diabetes, aging and 

Alzheimer’s (Verma et al., 2009).The natural antioxidant defense system present in body is 

sometime insufficient to cope with oxidative stress as a result of which loss of function of tissue, 

organ or organ system take place (Guyton &Kensler, 1993).Cancer development mostly take 

place due to oxidative damage to DNA (Volka et al., 2006). Antioxidants overcome oxidative 

stress by various mechanisms such as scavenging of radical, chain initiation prevention, 

peroxidases decomposition and chelation of metal ion catalyst (Moure et al., 2001). Because of 

therapeutic values, natural antioxidants obtained from plant sources gaining attention in the 

present era (Hazra et al., 2008).Many studies are reported on antioxidant and cytotoxic activity 

of plants (Ogbole et al., 2015). Secondary metabolites such as phenols and flavonoids are present 

in medicinal plants which have strong potential to cope with oxidative stress related disease 

(Ashidi et al., 2010). Among all phytochemicals, polyphenols gain special attention due to their 

high antioxidant potential. Literature verified that intake of fruit and vegetable reduces the 

chance of oxidative stress related disorders (Santos et al., 2017; Mitra et al., 2000). 
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Ficus carica is considered as first plant cultivated by mankind on earth. It belongs to family 

Moraeceae. It grows well in tropical and subtropical regions. Various part of this plant such as 

fruit, leaves, bark, latex and roots have been used since centuries for management of various 

ailments. Leaves of Ficus carica have been used for treatment of hyperglycemia, constipation, 

gout, asthma and cough (Perez et al., 1999; Williamson et al., 1996). Various phytochemicals 

have been reported from leaves of Ficus carica such aspsoralen, bergapten and lupeol acetate 

(Kim et al., 2012). Based on pharmacological properties of Fig, the present study was proposed 

to assess the in vitro antioxidant potential and cytotoxic activity of Ficus carica leaves. 

Methanolic extract was prepared which was further separated in four fractions by using solvents 

of different polarity. 

MATERIAL AND METHODS 

Plant collection 

Leaves of Ficus carica plant was collected in the month of July 2017 from Islamabad, 

(Pakistan). They were authenticated by expert taxonomist, Dr. Rehmatullah Qureshi of Botany 

Department of PMAS-AAUR, Rawalpindi. The specimen was kept in the university herbarium 

as a voucher no 2396. 

Preparation of plant extract and fraction(s) 

Ficus carica leaves were dried in shade and ground into fine powder. Extract was prepared by 

maceration of 6 kg Leaf powder into 95% methanol (5L) thrice and kept on shaking 72 hours. 

After filtration supernatants were mixed and absorbed by rotary evaporator (Heidolph, 36001270 

Hei-vap, and Schwabach, Germany) at 40oC. The methanolic extract was further suspended into 

50 ml of distilled water and fractioned into separatory funnel by adding solvents of different 
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polarity (n-hexane, chloroform, ethyl acetate and aqueous). Organic solvents were dried with 

rotary except aqueous fraction which was freezed. For further use extract/ fraction(s) were stored 

at 4oC. 

Estimation of total phenolic content (TPC)   

Determination of TPC was carried out by spectrophotometric method (Kim et al., 2012). Briefly 

Folin reagent (1.5ml) was added into 200 µl of sample (1mg/ml) in each test tube. Followed by 5 

minutes of incubation then Na2CO3 (1.5ml) was inserted to the mixture. After incubation of 90 

minutes, absorbance was determined at 725 nm by using spectrophotometer (Shimadzu, Japan 

1900 UV/Vis). Gallic acid standard was used and TPC was determined as milligrams of gallic 

acid equivalent (GAE) per gram of dried sample. 

Estimation of total flavonoid content (TFC)   

  By using colorimetric method, TFC was determined (Marinova et al., 2005).  In the test tubes 

1.5 ml of methanol, 0.3ml of sodium bicarbonate (5%) was added in 0.5 ml of plant sample 

(1mg/ml). After the time period of 5 min 0.3ml of Aluminum chloride (10%) and 10% NaOH 

was added. Absorbance was evaluated at 510nm. Quercetin standard was used and values were 

observed as milligram of Quercetin Equivalent per gram (mg QE/g) of the dry sample. The test 

was finished in triplicates. 

Antioxidant activity assessment 

DPPH radical scavenging assay 

Diphenyl-1-picrylhydrazyl (DPPH) method was used to determine antioxidant effect of 

extract/fractions (Bursal et al., 2011). Total 2.4mg of DPPH was added in 100ml of methanol to 

prepare stock solution. In each test tube 200 µL of plant sample at varying concentration (25-250 
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µL) and 1ml of DPPH solution was added. Ascorbic acid standard was used, while absorbance 

was taken after 30 minutes incubation at 517nm on Spectrophotometer (Shimadzu Japan 1900 

UV/Vis).  

Inhibition of free radical (DPPH) in solution was calculated by using following equation 

    Percentage Scavenging(%)  =
Absorbance of control − Absorbanceof sample

Absorbance of control
× 100 

 

With the help of plot of inhibition, IC50 value was calculated. 

Hydrogen peroxide scavenging assay 

 Method of Jayaprakasha (2004),was used to evaluate the H2O2 scavenging of extract/fractions. 

Solution of Hydrogen peroxide (50µM) was prepared in phosphate buffer saline (PH 7.4). In 

each test tube, 1ml of plant extract/fraction(s) of varying concentration (25-50 µL) and 2ml of 

hydrogen peroxide solution was added. After 10 minutes incubation, absorbance was measured 

at 230nm. Percentage scavenging was calculated using formula  

Percentage scavenging (%) =
1 − Absorbanceof sample

     Absorbance of control
× 100  

 

ABTS+ radical scavenging assay 

About 7 mmoL- of ABTS solution was poured into 3mmolL- solution of potassium per sulfate 

and kept in dark for 12 h at room temperature. The solution absorbance was adjusted at 0.70 ± 

0.05 by adding methanol. To prepare reaction mixture 200µl of sample of varying concentration 

(25-250µg/ml) was mixed with 2ml of ABTS solution. Absorbance was measured at 734nm after 
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the incubation of 10 minutes. Standard curve was obtained by reducing ABTS absorbance 

solution against Ascorbic acid at different concentration (Re et al., 1999). 

Percentage scavenging was determined by using the following formula 

Percentage Scavenging(%)  =
Absorbance of control − Absorbanceof sample

Absorbance of control
× 100 

 

IC50 value was calculated by using regression linear analysis. 

Hydroxyl radical scavenging assay 

The hydroxyl radical quenching ability of plant extract/ fractions was determined by deoxyribose 

method described earlier (Yildrim et al., 2006). To the Reaction mixture, 2.8 mM of 2-

deoxyribose, 100mMof EDTA and 20mM of ferrous ammonium Sulphate solution prepared in 1 

ml of phosphate buffer (0.2M, PH 7.4) was added. Plant sample at varying concentration (25-

250µg/ml) were mixed with the reaction mixture. Initiation of reaction was carried out by adding 

100ml of H2O2 (20mM)and 100ml of ascorbic acid (2mM).After 15 minutes of incubation 1ml of 

TBA(1%, w/v) and 1ml of TCA (2% v/v) were added. Boiled for 15 minute, after cooling 

absorbance was recorded at 532 nm.  

Scavenging percentage was determined by using the following formula 

Percentage scavenging (%) =
1 − Absorbanceof sample

     Absorbance of control
× 100 

 Reducing power assessment 
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By using Potassium ferricyanide method, reducing power of plant extract and its fraction 

was assessed (Gutteridge et al., 2000). About 1ml of plant sample (concentration, 25-250µg/ml) 

was added to each test tube with 2.5ml of 0.2M phosphate buffer (PH 6.6) and Potassium 

ferricyanide (2.5ml).   After 20 minutes of incubation at 50oC to stop the reaction 2.5ml of TCA 

was added. After centrifugation of 30 minutes, 2.0 ml of supernatant was collected and mixed 

with distilled water (2.5ml). At the end ferric chloride (0.5ml) was added. Ascorbic acid standard 

was used and absorbance was estimated at 700nm. 

In vitro cytotoxic activity 

Cell culture 

 The human Breast cancerMCF-7 cell line was cultured in minimal essential media with 10% 

FBS and 1% Pencillin/ Streptomycin for 37oC with 5% CO2 to provide humidified atmosphere 

for 24 hours. 

Cytotoxicity assay 

About 10,000 cells were seeded per well in 96 - well microtitre plate. The cells were allowed to 

attach with plate overnight. By using MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltratrazolium bromide(Sigma-Aldrich Chemical Co)assay, cytotoxicity of 

extract/fractions was determined (Mosmann, 1983).  After 24 hours cell were exposed with plant 

extract/ fractions of varying concentration prepared in DMSO. Finally 5 mg/ml of MTT (10 μL) 

was added to each well. To dissolve fromazan crystals, DMSO was added after 4 hours. 

Absorbance of colored solution was measured at 570nm on Thermo Scientific Varioskan Flash 

Multimode Reader. By using the following formula cell viability was calculated 

Percent of viable cells = [(Abs of treated cells)/ (Abs of control cells)] x 100 
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 Untreated cells viability was assumed as 100 percent. IC50 value was calculated through linear 

regression equation. 

STATISTICAL ANALYSIS  

Values were expressed as mean ± standard deviation. All experiments were carried out in 

triplicate. IC50 value was calculated by using Microsoft excel. One-way analysis of variance 

followed by Tukey’s test was used to find out the IC50 value differences among extract/fractions 

by using computer software graph pad prism5.0. P<0.05 was considered as significant. 

RESULTS  

Extraction yield  

Yield of crude methanolic extract was 13.1% of the dry powder, while n. hexane (FCH), 

chloroform fraction (FCC), ethyl acetate fraction (FCE) and aqueous fraction (FCA) yielded 3.4, 

7.8, 5.2 and 9.8 % respectively. The difference in yield of extract and fraction depends upon the 

nature of solvent as shown in Table 1. 

Total Phenolic and total flavonoid content 

 TPC was expressed in milligram of gallic acid equivalent per gram of dry weight (mg GAE/g 

dw). The highest amount of total phenolic was observed in ethyl acetate fraction 125.4 ± 2.03  

mg GAE/g dw which was followed by methanolic extract 98 ± 1.89 mg GAE/g dw, chloroform 

fraction 92.4 ± 4.76 mg GAE/g dw,   aqueous fraction 66.1 ± 0.82 mg GAE/g dw  respectively. 

Least content was observed in n.hexane fraction 64.4 ± 0.21 mg GAE/g dw. The value of 

flavonoid was indicated as milligram quercetin equivalent (QE)/g dw. Ethyl acetate fraction 

possessed high flavonoid content 31.4 ± 1.6 mg QE/g dw followed n.hexane fraction11.6 ± 0.89 
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mg QE/g dw , chloroform fraction 9.13 ± 1.42 mg QE/g dw and aqueous fraction 2.41 ± 0.68 mg 

QE/g dw respectively whereas methanolic extract exhibited 19.2  ± 0.31 mg QE/g dw of total 

flavonoid content shown in Table1. So the study suggested that ethyl acetate is best solvent to 

extract phenolic and flavonoid constituent fromFigleaves. 

Table 1 Estimation of extraction yield, total phenolic and flavonoid content of F.Carica  

Extract/fraction Yield (%) TPC 

(mg GAE/g dw) 

TFC 

(mg QE/g dw) 

FCM 13.1a 98± 1.89b 19.2±0.31b 

FCN 3.4e 64.4±0.21e 11.6±0.89c 

FCC 7.8c 92.4±4.76c 9.13 ±1.42e 

FCE 5.2d 125.4 ± 2.03 a 31.4 ±1.6a 

FCA  9.8b  66.1±0.82d 2.41± 0.68d 

Values are expressed in mean ± S.D. Letter in lower case showed significant difference (P<0.05) 

In vitro antioxidant assays 

DPPH radical scavenging activity 

As shown in (Figure 1A) extract and fractions of F.Carica inhibit DPPH radical in dose 

dependent manner. IC50 values for DPPH scavenging activity of extract/fractions are shown in 

Table 2. Significant (P<0.05) antioxidant potential was shown by extract (8.87± 1.62 µg/ml). 

Among all fractions the maximum DPPH scavenging activity was shown by ethyl acetate 

fraction which have IC50 value (3.6 ± 2.14 µg/ml) comparable to IC50 value of standard, ascorbic 

acid (1.45 ± 2.85 µg/ml). Chloroform fraction (FCC) showed IC50 value of (25.30 ± 1.8 µg/ml) 
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followed by aqueous fraction (43.40±1.96 µg/ml) and then n-hexane fraction (65 ± 3.23 µg/ml) 

respectively.  

Hydrogen peroxide scavenging assay  

Figure 1B shows Hydrogen peroxide scavenging of plant extract/fractions. Ethyl acetate was 

found as best fraction for quenching hydrogen peroxide radical with IC50 of 3.11 ± 2.94 µg/ml 

followed by methanolic extract 16.3 ± 2.13 µg/ml, chloroform fraction 46.1 ±2.73 µg/ml, n-

hexane fraction 68.6 ± 3.22 µg/ml and aqueous fraction 119.8 ± 1.94µg/ml respectively as shown 

in Table 2. IC50 value of all extract/ fractions was less than ascorbic acid (1.16±2.84 µg/ml. 

ABTS+ radical scavenging assay 

ABTS radical scavenging activity of extract and its derived fractions are shown in (Figure 1C). 

Maximum scavenging of ABTS was exhibited by ethyl acetate fraction and methanolic extract 

with IC50   6.39 ± 1.85 µg/ml and 19.7 ± 3.19 µg/ml. Least activity was exhibited by n.hexane 

fraction with IC50 99.8 ± 2.13µg/ml as shown in Table 2.  

Hydroxyl radical scavenging assay 

F.carica extract and itsfractions scavenged hydroxyl radical which generated during reaction of 

H2O2 and Fe+ (Figure 1D). Highest scavenging activity was exhibited by ethyl acetate fraction 

(4.92± 1.60µg/ml). Methanolic extract also highly scavenged H2O2 with lowest IC50 (9.38± 074 

µg/ml) which is comparable to standard gallic acid (8.93± 0.66 µg/ml).Chloroform fraction also 

scavenged hydrogen peroxide with IC50 (70.7± 1.42 µg/ml) followed by aqueousfraction (132.9 ± 

1.89 µg/ml) and n.hexane fraction (154.8 ±2.9 µg/ml) respectively.  
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Table 2 IC50 values obtained in the antioxidant assays  

Plant 

extract/fractions 

 IC50 values µg/ml   

 DPPH   H2O2 ABTS OH 

FCM  8.87± 1.62c 16.3±2.13c 19.7±3.19b 9.38±0.74b 

FCH     65± 3.23f 68.6±3.22e 99.8±2.13d 154.8±2.90e 

FCC 25.3±1.84d 46.1±2.73d 76.1±3.46c 70.7±1.42c 

FCE 3.60±2.14b 3.11±2.94b 6.39±1.85a 4.92±1.60a 

FCA 43.4±1.96e  119.8±1.94f 79.5±2.93c 132.9±1.89d 

Ascorbic acid 1.45±2.85a    1.16±2.8a 4.29±1.97a        _ 

Gallic acid  _         _ _ 8.93±0.66b 

Values are expressed in mean ± S.D. Letter in lower case showed significant difference (P<0.05). 

Reducing Power Capacity Assessment 

 Figure 2 shows reducing power capacity of F.Carica extract and fractions. Highest reducing 

power was  exhibited  by ethyl acetate fraction of F.carica (128 ± 4.7 mg AAE/g) at highest 

concentration 250 µg/ml followed by methanolic extract (97.6±3.78 mg AAE/g), aqueous 

fraction (67.8±5.8 mg AAE/g),  chloroform fraction (65±4.2 mg AAE/g),  and n.hexane 

fraction(58.5±3.3 mg AAE/g).  
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Figure 1 Antioxidant activities of Ficus carica leaves extract/fractions effect at various 

concentrations A. DPPH scavenging assay, B. Hydrogen peroxide scavenging assay, C ABTS 

scavenging assay, D Hydroxyl radical scavenging assay. Cumulative values are reported as 

mean ± SD (n=3). 
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                                   Correlation of IC50values of antioxidant activities with TPC and TFC 

Significant correlation was observed between total phenolic content (R2 = 0.7633, R2 = 0.7933, 

R2 = 0.8180, R2 = 0.8332, R2 = 0.8603) and IC50 values of H2O2, ABTS, Ferric reducing, DPPH 

and OH assays. However H2O2 andFerric reducing assays only showed significant correlation 

with total flavonoid content as shown in Table 3. 
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Figure 2Reducing power assay of extract and different 

fractions of Ficus carica leaves at different 

concentrations.Each value represents a mean ± SD (n = 3) 
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Table 3 Correlation of IC50values of antioxidant activities with TPC and TFC 

 Antioxidant activity Correlation R2 

TPC                       TFC 

  

DPPH Scavenging activity 0.8332* 0.4858n.s 

H2O2 Scavenging activity 0.7633* 0.7951* 

ABTS Scavenging activity 0.7933 * 0.7154n.s 

OH Scavenging activity 0.8603* 0.6189n.s 

Ferric reducing assay 0.8180* 0.8364* 

Values are expressed in mean ±S.D (n=3).* indicates significance at P<0.05 

Cytotoxicity assay  

 MTT is quantitative, colorometric assay based on conversion of tetrazolium salt into blue 

formazon product by metabolically active cells (Khanavi et al., 2010). As shown in (Figure 3) 

cell viability was significantly decreased by Extract/ fraction in dose-dependent manner. 

Methanolic extract of Ficus carica and its fraction found potent against MCF-7 cell line. 

Methanolic extract and ethyl acetate fraction significantly reduced the viabilityof cells at higher 
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concentration (100 µg/ml) as shown in Figure. IC50 value of extract and fraction(s) ranged from 

21 µg/ml to 348 µg/ml presented in Table 4. Methanolic extract significantly (P<0.05) enhanced 

cell mortality with lowest IC50 value 25 µg/ml. However aqueous fraction was found less potent. 

Table 4 Cytotoxicity of F.carica against MCF-7 cell line 

       Plant extract/fraction   IC50 values µg/ml 

 FCM 21 ± 2.36a 

FCH 56.7± 3.63c 

 FCC 116.4± 2.45d 

FCE 38.4±1.67b 

 FCA 348 ± 3.15e 

Values are expressed in mean ± S.D.Letter in lower case showed significant difference (P<0.05). 
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Figure 3. Effect of F.carica extract and fractions on MCF-7 cell line Cells were treated 

extract/fractions at different concentrations (12.5, 25, 150, 200 μg/mL). After treatment for 24 h, 

cell viability was measured with the MTT assay. Values are the mean ± SD; different marks 

within treatments indicate significant differences at *p < 0.05. 

 

DISCUSSION 

Crude methanolic extract of F.carica was fractionated by using polar and non-polar solvents to 

acquire secondary metabolites rich fractions. Selection of appropriate method for extraction of 

phytochemical constituents is crucial step because it affects their characterization (Zhang etal., 

2009). Extraction yield, TPC and TFC of extract and its derived fractions. Secondary metabolites 

present in plants are of great importance due to their medicinal values. Many researchers 

believed that phenolic act as protective agent against various diseases such as diabetes and 

inflammatory disorders (Hoensch et al., 2015). Phenolic compounds attain special attention due 

to their scavenging activity which is due to their ideal structure by which they donate electron to 

free radical and prevent oxidation. Phenolics are known for their antioxidant activity in humans. 
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Flavonoid belongs from polyphenol and in most of plants the highest concentration of flavonoid 

is present in peel of fruit, flowers and leaves. Flavonoids perform their function by inhibiting 

various enzymes; also prevent cell proliferation and apoptosis (Dudonne et al., 2009).   

 In vitro antioxidant activity was determined using DPPH, Hydrogen peroxide, ABTS , hydroxyl 

radical scavenging and ferric reducing assays because we could not rely only on single method to 

justify the antioxidant potential of the plant because different plants had different phytochemicals 

and they reacted differently in each method (Chanda et al., 2009). 

DPPH assay was to use to determine the scavenging capability of F.carica extract/ fractions. 

DPPH is a purple colored stable molecule, which on reduction diminishes into yellow color.(The 

intensity of discoloration depends upon the scavenging activity(Alam et al., 2013). Maximum 

activity was exhibited by ethyl acetate fraction, because polar solvents can extract more phenols 

and flavonoids as compared to non-polar solvents as reported earlier (Schubert et al., 2007). 

According to many researchers, correlation between antioxidant activity, TFC and TPC of 

different plants is very strong (Tung et al., 2009). As the phenolic compounds have specialized 

structure which have capability to quench free radicals, the phenol ring present in them reduce 

the free radical and reduce the oxidative stress so they are responsible for antioxidant activity.  

Hydrogen peroxide generated as the byproduct of biological reactions. It decomposed into 

hydrogen and water, which converted into hydroxyl radical, penetrates into membrane and cause 

lipid peroxidation (Bouaziz et al., 2015).The results suggested ethyl acetate fraction and 

methanolic extract of F.carica as efficient scavenger of hydrogen peroxide due to presence of 

phenols and other bioactive compounds which reduce hydroxyl radical by donating proton. 
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Protective effect of phenols against hydrogen peroxide has been already reported (Nakayama et 

al., 1994) 

In ABTS assay there is formation of blue green colored ABTS radical cation due to reaction 

between ABTS and K2S2O8. The presence of antioxidant compounds converts the blue / green 

chromophores into colorless solution by donating hydrogen to the free radical (Ksouri et al., 

2009). The results obtained suggested that F.carica extract /fractions scavenge the free radical in 

dose dependent manner. 

Hydroxyl is highly reactive and short lived radical, which lost the structural integrity of cell by 

damaging its DNA, protein and lipids resulting in cellular pathogenesis (Sahreen et al., 2010). 

F.carica extract and its derived fractions significantly reduced the concentration of hydroxyl 

radical might be due to presence of phytoconstituents which scavenge hydroxyl by addition of 

proton. Lowest IC50 was observed by ethyl acetate fraction as compared to other fractions. 

In reducing power assay the ferricyanide complex reduced to ferrous by the reluctant present in 

solution which donates hydrogen (Rice-Evans et al., 1999). As the concentration increases, 

reducing power of F.carica extract and fractions also increases. The maximum reducing capacity 

was shown at highest concentration 250 µg/ml. The reducing power of extract/ fractions are in 

following order FCA>FCM>FCA>FCC>FCN. 

Generation of free radicals caused cell damage which results into many diseases, especially 

cancer. The purpose of cytotoxicity assessment of plant extract is to find out there anticancer 

property. Organic extract and fraction(s) found to be most potent against MCF-7 cell lines as 

compared to non-organic n.hexane fraction.Aqueous fraction showed less anticancer property 

which might be due to lyophilicity, difference in size or polarity. Highly polar molecules are 
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larger in size so they are less permeable and might show low efficacy as compared to mild polar 

which can easily diffuse. Antioxidant compounds, particularly phenols may be responsible for 

cytotoxic activity of F.carica. Various studies have shown the protective effect of phenols as 

anticancer agent (Tannoury et al., 2016). 

CONCLUSION  

Ficus carica methanolic extract and its derived fractions exhibited strong antioxidant potential. 

Ethyl acetate fraction showed highest activity for different antioxidant assays may be due to 

presence of high phenolic and flavonoid content. Methanolic extract  exhibited potent anticancer 

effect against MCF-7 cell line which may be due to presence of antioxidant compounds. Further 

investigations are required for isolation of antioxidant compounds from ethyl acetate fraction of 

Ficus carica methanolic extract. 
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  ABSTRACT  

Schizophrenia is debilitating neuropsychiatric disorder that is characterized by the severe 

psychotic symptoms including hallucinations, delusion and illusions. Overall worldwide 

prevalence of schizophrenia is 0.85%. A number of factors are associated with the development 

of disorder. The treatment therapies used for the disorder include medication therapy that is used 

as primary treatment for schizophrenia which includes typical and atypical antipsychotics and , 

Electroconvulsive therapy(ECT). Non response is the usual phenomenon in response to treatment 

therapies that is observed in the schizophrenia patients so the treatment is switched to more 

effective one. These therapies usually produce differential responses in the patients but none of 

them is proved to produce a permanent response. So Present study is designed with an aim to 

investigate the use of medication (typical and atypical antipsychotics) and ECT and, the response 

of schizophrenia patients to these therapies. The results indicate that most of patients were  

resistant to typical anitpsychotics and no of remission and relapse was high in response to these 

medicines. Though remissions and relapses were also observed in resposen to atypical 

antipsychotics but the frequency of remission and relapse both is low as compared to atypical 

antipsychotics. ECT was given to small number of participants who were resistant to medication 

and rate of both remission and relapse were high in this group of patients. So this might be the 

reason for which ECT is less frequently used in the treatment of schizophrenia patients.  

http://www.jbbt.org/
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INTRODUCTION 

Schizophrenia is a psychiatric disorder with the most severe psychotic symptoms. The 

prevalence of which is 0.8 to 1 per cent. Different psychotic symptoms characterize the disorder. 

Most common and important features are the altered motor activity, delusions and hallucinations. 

Outcomes of the disorder are varied, that mostly results in the relapses during the treatment. It 

finally ends with the altered, isolated and disadvantaged personality of the sufferer in the society 

(Owen et al., 2005). It is heritable as well as a sporadic disease, the onset of which occurs after 

adolescence or in the early childhood that results in the distress and mental disability. Diagnoses 

are based on the positive and negative symptoms. Negative symptoms are amotivation, reduced 

expression, social withdrawal, and poor relationship, and the positive symptoms include 

disorganized speech, thinking and behaviour and also delusions and hallucinations (Karam et al., 

2010). Other important features are the cognitive deficits which includes poor processing speed, 

poor memory and executive functions of the brain. The sufferers of this disease may also have 

the disproportionate mood symptoms and they can have substance abuse. It is reported that 

approximately 10 per cent of the sufferers may have done suicide attempts (Lewis and 

Lieberman, 2000). This disorder has also been considered as a neurodevelopmental disorder 

which is having a clear neuropathology and evidence based genetic risks. Symptoms on the bases 

of which the diagnosis is established, are usually not presented in the early childhood. The 

symptoms of the endophenotypic type, related to social and the cognitive behaviour may proceed 

to psychiatric illness. As the disease is established fully after adolescence, the diagnosis and the 

treatment cannot be developed properly despite of the trends that are regular in this disease. 
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These trends include the reduced median lobe, enlargement of the ventricles and an increase in 

the amount of stored and released dopamine (Camargo et al., 2007). 

Interaction of multiple genes and their collaborative action is associated with the onset of mental 

disorders. Genes regulating the nervous system act by instructing the development of nervous 

system and the enzymes involved in the synthesis, transport and action of the neurotransmitters 

and their receptors. During whole life, there is an interaction of the genetic factors with the 

environment which is responsible for the creation and development of the emotions, thoughts 

and the behaviour of a person (Matsuzaki and Tohyama, 2010). Many genes have been identified 

to modulate their affect by the environment. The most crucial in the identification and 

understanding of psychopathology and the genetics of schizophrenia is to identify the candidate 

gene and the abnormal products of that gene in the schizophrenia (Tsuang., 2000). 

Antipsychotic medications are primarily used for the treatment of schizophrenia and other 

psychotic disorders. They have traditionally being categorized into two groups, first generat ion 

antipsychotics(FGAs) and second generation antipsychotics(SGA). The side effects that are seen 

after the use of FGAs led to introduction of SGAs and these are typically named as atypical 

antipsychotics.(Ginovert and Kapur., 2012)Less burden of side effects is associated with the use 

SGA but are associated with the metabolic and cardiac abnormalities.(Kapur and Remington., 

2001) 

For schizophrenia treatment, antipsychotics are recommended as primary treatment all over the 

world(Falkai  et al., 2005, Lehman et al., 2004, Hayashida et al., 2006) which include typical and 

atypical antipsychotics (Leucht et al., 2009a). Now the use of typical antipsychotics has been 

replaced with the atypical antipsychotics (Bitter et al., 2008). Literature shows that atypical 

antipsychotics are a heterogeneous group of medications and have different efficacy and 

tolerability.4,8-10. Several studies have also shows the greater efficacy of clozapine and 

clozapine but at the same time they also pose risk of weight gain and other metabolic disorders. 

(Leucht et al., 2009, Leucht  et al., 2009b, Boter et al., 2009, Lieberman et al., 2005, Hatta et al., 

2009,  Attard et al., 2012). Treatment response is a significant reductions in the symptoms of 

schizophrenia and relapse is the exacerbation of the symptoms after a remission or 

responseDossenbach et al ., 2005, Haro et al., 2006). Both type of responses are observed in 

schizophrenia but it is not clear which factor is responsible for the relapse. So, present study is 
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designed to evaluate the association of relapse with medication and ECT, that is done during the 

treatment of schizophrenia. 

METHODOLOGY 

Participants  

All of the participants included in the study were patients of chronic schizophrenia and diagnosis 

was done by psychiatrists according to Diagnostic and Statistical Manual of Mental Disorders 

(DSM IV, Text Revision, American Psychiatric Association). A total of three 3 study sites 

including inpatients and outpatient department were selected for data collection of schizophrenia 

patients. Study approval was obtained from “Ethical Review committee for the use of humans 

subjects” PMAS Arid Agriculture University, Rawalpindi and informed consent was taken from 

patients or their representatives.   

Study Design and Procedures 

The study was designed as a retrospective, non interventional observational study where all the 

procedures including diagnosis and the prescription of medication was left to discretion of 

treating psychiatrists.  Information was collected after the detailed assessment of patients by the 

psychiatrists. Severity of illness was measured by the treating physicians. Response of the 

patients to treatment were grouped into four categories according to the medication response, 

where 1 group was for the patients with remission, 2nd group showed relapse, 3rd group showed 

positive response and 4th category was group of non responders. 

Treatment of patients was done with the ECT and use of antipsychotics(typical and atypical 

antipsychotics). The response of patients was recorded with all types of treatments, they 

received. The data was collected and analysed using SPSS v.21.  

RESULTS AND DISCUSSION 

Baseline characterization of sample 

The studied sample included 200 patients of chronic schizophrenia, of which 25.5% were 

females with the age distribution of 16 -55 years(32.28±11.28) and 74.5% were males in the 

range of 21-68 years(30.33±13.97). Patients showed differential responses based on the type of 



99 
 

treatments used (figure 2). Gender base distribution of treatment response was: of 40 females 

participated in study, 15% females showed no response to treatment, remissions were observed 

in 55% females, relapse was observed in 27.5% females and there were no female patients with 

positive response to treatment therapy. Of 160 male patients, 10.4% male patients showed no 

response to treatment, remissions were observed in 54.4% male patients, 21% male patients 

showed relapse and 14.2% male patients showed positive response to medication with a decrease 

in symptoms. (figure 1). 

 

Figure 1: Gender based distribution of treatment responses shown by schizophrenia patients. 

Response to ECT 

This analysis of psychiatric clinical care estimated the response, relapse and  of patients to 

treatment therapy given to schizophrenia patients who were treated with different medicines 

including typical or atypical antipsychotics and, ECT monotherapy. Of 200 patients, ECT was 

used in the treatment of 30%(N=60) patients and 70%(N=140) patients were not given ECT in 

their treatment. Response to ECT was assessed and the results from the detailed are: there were 

no patients which received ECT in their treatment showed negative response, 60.8% of the 

patients showed remission and 39.1% patients showed relapse after treating with ECT. There 

were no patients which showed complete, longterm recovery from ECT(figure 3). Results 

showed that rate of remission(N=97) was high in response to all types of treatments(typical 

antipsychotics, atypical antipsychotics and ECT) followed by relapse(N=40) and the positive or 
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complete response was showed by small number of patients. ECT was given to 30% of the 

patients participated in the study which shows that ECT is uses less frequently in treatment 

therapy of schizophrenia. Despite of available evidence of the efficacy, this treatment is 

underutilized and is often used as a last resort in treatment resistant schizophrenia. the usual 

indications of its use are, to augment pharmacotherapy and clozapine resistant schizophrenia 

patients. (Grover et al., 2019). In the present study we observed that treatment with ECT was 

associated with significantly increased rates of remission (N=83) and relapse (N=48) so the 

higher rates of relapse with severe symptoms might be the reason of underutilization of ECT in 

the treatment therapy of schizophrenia.  

 

 

Figure 2: Overall Response shown by schizophrenia patients to treatment therapies. 
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Figure 3: Differential response shown by the patients to treatment with ECT and the treatment therapy without ECT. 

 

Response to Typical and Atypical Antipsychotics 

Typical antipsychotics and atypical antipsychotics were used in the pharmacotherapy of 

schizophrenia.. Differential response shown by the antipsychotics was assessed. Atypical 

antipsychotics were given to 43.5% of patients(N=97)and the calculated frequencies for 

differential responses showed by patients are:2% showed no response to medication, 69% of the 

patients showed remissions, 22% patients showed relapse and 7% patients showed positive 

longterm response. Typical antipsychotics were given to 56.5% patients and the response shown 

by them is recorded as: 10% patients showed positive response, remissions were observed in 48 

% patients , frequency of relapse was 30% and 2% patients showed no response at all. (figure 4) 

Rates of remission to typical antipsychotics were high as compared to the atypical 

antipsychotics. Atypical antipsychotics are given due to intolerability and in effectiveness of 

typical antipsychotics to treatment resistant schizophrenia. In present study, atypical 

antipsychotics were given to a small group of patients and typical antipsychotics were given to 

56.5% of patients. Since, Non response is frequent phenomenon in psychiatric pharmacotherapy 

and patients, schizophrenia patients are usually observed to become non resistant to treatment so 

they are switched to atypical antipsychotics. Present study also indicates higher rates of relapses 

6

8
3

4
8

1
7

0

1
4

9

0

N O  R E S P O N S E R E M I S S I O N R E L P A S E P O S I I T I V E  
R E S P O N S E

RESPONSE OF PATIENTS TO ECT



102 
 

and remission in response to typical antipsychotics. So for this groups of patients, 

pharmacotherapy is switched to atypical antipsychotics. (Lally and Cabe , 2015).  

 

 

Figure 4: Overall Response of Schizophrenia Patients to Antipsychotics (Typical And Atypical). 

 

CONCLUSION 

Heterogeneity in terms of treatment responses of the schizophrenia patients to antipsychotic 

therapy and ECT has led to trial and error strategy for treatment of disorder. Since there is in 

ability to predict the response, there are no effective therapies that are defined for specifically 

treatment resistant schizophrenia. Atypical antipsychotics are used as an effective treatment but 

its side effects hinders its use as most effective and potent medication therapy. 
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Autism Spectrum Disorder (ASD) is diagnosed in males approximately four times as often as 

females. So ASD had been discussed according to its manifestation in males leading to females 

under diagnosed or poorly studied. Recently, many studies focused upon what ASD look like in 

females. Considering core behavioral impaired features of ASD in males and females separately, 

variable findings were published by several scientific groups some showing no difference while 

other on the same time showing significantly different behavioral pattern among sexes.  This has 

provoked more interest in recent years to study potentially under-diagnosis of females. Thus the 

aim of the present study was to investigate the verbal and non-verbal communication including 

social interactions, restricted and repetitive behavior patterns and sensory symptoms in a cohort 

of ASD girls in comparison to boys to investigate linking of ASD behaviors impairments with 

gender 

Key Words; ASD, Autism, Autism among sexes 

______________________________________________ 

1. Department of Biochemistry, PMAS Arid Agriculture University Rawalpindi, Pakistan. 

Pakistan Institute of Medical Sciences Islamabad, Pakistan. 

*Corresponding Author: Ghazala Kaukab Raja  Ghazala@uaar.edu.pk 

         INTRODUCTION 

Autism spectrum disorder (ASD) is characterized by aberrant social, communication, 

restricted and repetitive behaviors. Clinical and subclinical manifestations of ASD begin during 

the first years of life or later in the second year 1. In  first year, onset could be accompanied by 

delayed speech development which is most common initial symptom recognized by parents 2. 

This so-called “early onset” pattern is thought to occur in the majority of individuals with ASD 

while in the second pattern of onset which is referred to as regressive autism, children show 

apparently normal pattern of behavior development for the first one year but later in second year 

of life, their previously acquired skills are lost along with onset  of autistic symptoms 3.  

As far as deficiencies in behaviors are concerned, almost one-third to one-half of ASD 

child are failed to develop enough natural speech to meet their daily communication needs 4. 

mailto:Ghazala@uaar.edu.pk
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Moreover,  under the domain of lack of social interactions, the major problems faced by ASD 

child are lack of joint attention and poor understanding 5,6. Restricted and repetitive behaviors 

(RRBs) and fixative interests form another class of abnormal behavior among ASD children 

which are characterized by high frequency, repetition in an invariant manner, and desire for 

sameness in the environment 3. Although some of stereotyped behaviors such as hand flapping, 

rocking, and banging objects are normal part of infant development but in ASD, RRBs are 

considered as core feature and required for its diagnosis according to Diagnostic and Statistical 

Manual for Mental Disorders (DSM) 7,8. Sensory behaviors were not formally included in the 

domain of the repetitive behavior diagnostic criteria but later on unusual sensory interests or 

behaviors were assessed and strong links were found between sensory behaviors and repetitive 

motor behaviors 9.  

Prevalence of ASD is reported as 4:1 ratio with every 4 affected males there is one 

affected female 10,11. It is a perfect example of sexually dimorphic disease which is well 

documented in the previous literature with the exact causes still poorly understood. Many 

autoimmune disorders i.e systemic lupus erythematosus and multiple sclerosis predominantly 

were previously reported as female biased, however some of the neurodevelopmental disorders, 

such as language impairment and  attention deficit hyperactivity disorder (ADHD)  including 

ASD are males biased 12,13. 

 Several clinical and epidemiological studies suggesting higher frequency of ASD in boys 

than in girls explained two main approaches. The first one suggests that this difference could be 

due to the differences in biological structure of male and female brain as amygdala is larger in 

boys as compared to girls and also there are more neurons in cerebral cortex of male, while other 

hypothesis was postulated by Baron-Cohen who introduces the idea of “extreme male brain”, 

which emphasized the cognitive and affective difference between male and female 14. However 

this approach tried to explain why males are more prone to ASD than female but specific 

differences in manifestation of ASD between sexes and more possible and frequent diagnostic 

detection in males could not be answered. Actually, it is thought that difference in male-to-

female ratio arises because most of the females remain under diagnosed due to their “non-male-

typical” presentation 15. Reason behind under diagnosed females could be explained as most of 
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the girls are unable to meet typical ASD diagnostic criteria designed for high levels of autistic-

like traits 16.  

After diagnosis, number of studies focus on presentation of ASD among sexes and tried 

to explore difference in ASD phenotypes in males and females. Some meta-analysis have tried  

to clarify the similarities and differences in behavioral pattern of males and females with ASD 17. 

Variable findings have been reported in this regard, some suggesting less repetitive, restrictive 

behaviors in females while other reported females with developmental language delay and 

greater communication skills deficiencies than boys 18–20. On the other hand, some studies 

reported no differences in ASD core dysfunctions among sexes 21–23. However, findings from 

different studies are complex and do not always relate to each other in a straightforward manner 

as strong evidence of a sex difference in prevalence are here but still  there is very little 

information about sex differences in developmental characteristics and behavioral features 24.  So 

examination of both functional impairment and  clinical manifestations among male vs. female 

patients with ASD may be one of important steps towards understanding of biological 

mechanisms underlying the ASD 28.  Furthermore among behavior disorders it is very difficult to 

define problem exactly since they may be depend on the perception or sensitivity of an 

individual who are at the receiving end of these behaviors 29. Previously, many studies found no 

overall sex differences in ASD severity when only several standard assessment tools were 

considered .However, remarkable differences came forward when each core symptom area of 

ASD was considered separately 30–32. 

In Pakistan, unfortunately, child mental health area is largely neglected and ASD is still 

under diagnosed.  With only few notable exceptions, health-care professionals in Pakistan, are 

unaware and are not trained for diagnosis or early screening and intervention of ASD. Absence 

of proper diagnostic procedures and protocols for diagnosis and treatment lead to the diagnosis 

of ASD in multiple settings by multiple professionals with a very little or no formal training and 

knowledge of child developmental and psychiatric disorders. Furthermore, parent also take their 

child to different health-care professionals and get different diagnosis as every professional 

handle the case according to his own specialty. As a result, ASD child may get diagnosis of 

ADHD, language disorder, learning disability or obsessive-compulsive disorder. So keeping in 

mind the above mentioned facts, present study was designed to properly diagnose ASD patients 

on specific diagnostic criteria and to assess the difference of clinical symptoms and adaptive 
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behaviors among girls as compared to boys of Pakistani population for the first time as sex 

differences in symptom presentation may contribute to differential identification of ASD across 

sexes. This study will prove as an initial step towards awareness of ASD and specific autistic 

features which are more prevalent among Pakistani autistic children according to different social 

setup of Pakistani community.  

 

METHODS 

In the present study we recruited 93 autistic patients (25 females and 66 males). All of 

them were of Pakistani origin. The consensus diagnosis was made by experienced psychiatrists 

by using a combination of the Autism Diagnosis Observation Schedule (ADOS) and Diagnostic 

and Statistical Manual of Mental Disorders 5th edition (DSM-5) as the assessment instruments. 

Complete information covering all necessary areas of behavior impairments of ASD was 

obtained from parents of ASD child. Ethical approval for this research was obtained from the 

Ethics committee of our Institution and Hospital. Informed consents were obtained from parents 

of all patients. Multinomial logistic regression was calculated for all aspects of behaviors by 

SPSS v20. Any value which was ≤ 0.05 was considered as significant.  

RESULTS 

In the present study, we compared distribution of clinical variables covering all necessary 

areas of communication, social interaction, sensory behaviors and restricted and repetitive 

behaviors of ASD among girls in comparison to the boys of Pakistani population. Our results 

indicated that different behavior patterns which are hallmark of ASD are distributed differently 

among autistic girls as compared to boys. 

 

Deficit in Verbal, Non-verbal, Social Communication and Social Interactions  

Among the category of verbal and nonverbal communication and social interactions, 

“Back and forth conversation” was found to be less impaired in girls as compared to boys as we 

found OR of 0.75 in girls (Figure 1, Table 1). Impairment in sharing of enjoyments and joint 

referencing was found to be associated with girls with odds of 1.15 (p 0.86) and 1.79 (p 0.39) 

respectively. Girls showed less impairment in terms of reduced understanding with odds of 0.75 

and p-value of 0.81 however they are unable to follow even simple instructions as OR was 1.8 

with p-value of 0.20.  Further, in terms of aggressive behavior girls are less aggressive as 
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compared to boys with odds of 0.35 and significant p-value of 0.05. Moreover, among reduced 

sharing of emotions and affects the clinical variable “no reciprocal smile” was found to be 

significantly associated with girls with OR of 3.32 and p-value of 0.01 while the absence of any 

response when name is called is associated with girls with odds of 2.26 with p-value of 0.09.   

Similarly, absence of any interest in peers is associated with girls with odds of 1.14 with p-value 

of 0.90. As far as behavior patterns under the umbrella of lack of initiation of social interaction 

were concerned, impairments in social use of eye contact and impairment in the use and 

understanding of gestures (e.g. pointing, waving, nodding/shaking head) were found to be 

associated with girls with odds of 1.03 (p 0.93) and 0.67 (p 0.43) respectively (Figure 1, Table 

1).  

Stereotyped or Repetitive Behaviors 

Among stereotypic and repetitive behaviors, echolalia was found in girls with odds of 

0.59 and p-value of 0.31. Producing unusual noise and liking of circularly moving things was 

associated with girls with odds of 0.95 (p 0.93) and 0.49 (p 0.15) respectively. However rocking 

and swaying was found with odds of 1.28 and p-value of 0.68. Further looking closely from 

corner of eye and liking of moving objects was associated with girls with odds of 0.37 and 0.75 

respectively. p-values were 0.04 and 0.54 respectively. Adherence to routines/rituals was also 

found in girls with odds of 0.43 with p-value of 0.30 while presence of idiosyncratic language 

was found with odds of 1.5 and statistically non-significant p-value of 0.45 (Table 1. Figure 2). 

 

Sensory Symptoms 
 

For the sensory symptoms of ASD, covering of ears in noise was associated with girls 

with odds of 0.65 and p-value of 0.37 while behavior of smelling everything was found with 

odds of 0.30 and significant p-value of 0.03 (Table 1). Similarly bothering of tags of clothes and 

licking behavior was associated with odds of 0.32 and 0.93 with p-values of 0.15 and 0.89 

respectively (Table 1, Figure 3).  

DISCUSSION 

Being male is considered as one of the most influential and well-established risk factors in the 

case of ASD. Most of the studies estimated the sex ratio of 3–4 males per female across the 

diagnostic spectrum 33. Predominant features and phenotype of ASD were more frequently 
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studied and even` diagnostic criteria and instruments for ASD were preferentially designed on 

the basis of what ASD looks like in a male. In a result, ASD manifestation in females generally 

do not meet diagnostic criteria leading to a smaller number of females being diagnosed and an 

apparent male bias in prevalence and enormous phenotypic data is from males with ASD. 

Nevertheless, many studies suggest that females may also show different cognitive, behavioral, 

neuroanatomical, or molecular expression patterns but unfortunately, studies of sex differences 

in the ASD phenotype have often included modest female sample sizes, focused exclusively on 

adults and focused on a limited number of domains (e.g., symptoms or cognition) 21. Thus, no 

previous studies have been able to comprehensively evaluate the major differences in core 

symptoms or overall cognitive ability between boys and girls. So overall, there is increasing 

awareness of the need to better understand females with ASD and how their neurobiology, 

symptoms, and clinical detection may differ from those of males 34,35.  

In the present study, we compared behavior patterns which are commonly studied and are 

important for diagnosis of ASD according to DSM-V between autistic girls in comparison to 

autistic boys of Pakistani origin. We observed different behavior patterns are differently 

distributed among both groups. Some behaviors are more common in girls while some of the 

behaviors are more frequently distributed among boys. In terms of verbal communication 

previous studies indicated worst verbal and language abilities in females as compared to males 

31,36. However, in the present study, odds ratio of 0.75 for absence of back and forth conversation 

of girls is indicative of the fact that boys are having more conversation problem than girls.  On 

the other hand, parameters like reduced sharing of enjoyments, absence of joint referencing, and 

inability to follow instructions are more common in girls and there is trend of association of 

these behaviors with girls with more odds although this difference is not statistically significant. 

Further, other parameter like understanding, reading of gestures (e.g. pointing, waving, 

nodding/shaking head) and impairments in social use of eye contact were less likely to be 

impaired in girls than boys. Moreover aggressive behavior was also found to be less common 

among girls as odds were very low i.e. 0.35 with significantly p-value of 0.05 indicative of the 

fact that this behavior is significantly associated with boys. Furthermore, impairments in 

reciprocating social smile and social use of eye contact and being nonresponsive towards own 

name was found in girls with more odds than boys however p-values were statistically non-
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significant. Previously some studies suggested more impaired social communication and 

interactions in girls as compared to boys while other showing more sever socio-communication 

problems among males 193734. However, our study showed no clear difference between both 

groups as some of the variables were more severely impaired among girls while some 

impairments were more common in boys.  Although difference were statistically non-significant 

but it could also be observed from our results that may be girls are showing more impaired 

behaviors in terms of social/emotional behaviors up to certain extent.  

Restricted and repetitive behaviors represent another important set of parameters for ASD 

diagnosis had been treated as by-product of social and communication aspects of ASD for the 

long time despite of the fact that they serves as a core diagnostic feature and can be teased apart 

from social and communicative ability of ASD individual.  They have received far less attention 

than other domains 38. We found clear difference among both groups in terms of stereotyped or 

repetitivebehaviors, in which girls showed less stereotyped or repetitive behaviors as compared 

to boys. These results are consistent with previous findings by several other groups who 

confirmed this behavior more common in males 34,39.Antezana L. et al., (2019) were first to 

report that girls with ASD may have increased compulsive, sameness and restricted RRBI 

compared to boys but we found reverse of it 40. Our findings indicated out of 8 parameters 

studied under RRBs, only rocking and swaying and idiosyncratic language was found in girls 

with more odds than boys. All other behaviors like echolalia, producing unusual noise, liking 

moving objects and specifically circularly moving objects were less common among girls. 

Moreover, it was found that girls follow routines and rituals less likely as compared to boys. 

Similarly looking the things very closely from eye corner was also less common among girls 

indicating that stereotypic behaviors are more common among boys than girls. 

 It is well known fact that ASD children have more tactile and taste/smell sensitivities 

and difficulties 41. They have been found to be involved in unusual sensory processing and 

abnormalities. Almost 94.4 percent of the ASD individuals were reported with extreme levels of 

sensory processing on at least one sensory quadrant 42. However there is heterogeneous 

presentation of these symptoms in terms of presence/frequency of sensory symptoms 43. Our 

findings indicated that sensory symptoms are less common among ASD girls than boys which 

are consistent with previously reported findings of more sensory behaviors among males 44. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Antezana%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30561911
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Although statistically significant difference was not observed however less odds of sensory 

behaviors among girls suggested that these symptoms are not frequently observed among girls.  

Overall our findings suggests that ASD girls showed less severely impaired externalized 

behavior such as aggressive behavior and increased repetitive/restricted behaviors and interests 

while in terms of internalized behaviors such as social/emotional behavior, more trend of 

impairments was observed among ASD girls. Since ASD is a complex disorder and most of the 

health professionals are unaware of its diagnosis in Pakistan so we did a preliminary study and 

took an initiative step towards its understanding among health professionals as well as common 

people. Additional work is required to unpack the possibility and consequences of missed 

diagnoses in females. As more males are diagnosed with ASD than females, so one caveat of this 

study could be a small girl sample size which may be the reason of statistically non-significant p-

values for most of the behaviors even after odds were greater than 1.   So, more studies with 

improved sample size should be done to strengthen the results from Pakistani population. 
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Table 1: Odds Ratios showing association of clinical phenotypes of ASD with ASD girls 
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1.Deficit in verbal, non-verbal 

and social communication and 

social interactions  

 

Boys (%) Girls (%) Girls OR(95%CI) p-value  

Failure of normal back and forth 

conversation  

97% 96% 0.75(0.0650 to 8.6558) 0.81 

No Shared enjoyment with 

parents 

91% 92% 1.15(0.2163 to 6.1149) 0.86 

No Joint referencing 80% 88% 1.79(0.4662 to 6.9402) 0.39 

No Understanding 97% 96% 0.75(0.0650 to 8.6558) 0.81 

Do not Follow instructions 535 68% 1.8(0.7139 to 4.9623) 0.20 

Aggressive 47% 24% 0.35(0.7139 to 4.9623) 0.05 

No Reciprocal Smiles 35% 64% 3.32(1.2715 to 8.6882) 0.01 

No Response to name 44% 64% 2.26(0.8769 to 5.8672) 0.09 

Absence of interest in peers 95% 96% 1.14(0.1133 to 11.5313) 0.90 

Deficit in understanding of 

gestures 

98% 96% 0.37(0.0225 to 6.2367) 0.50 

 Impairments in social use of eye 

contact  

59% 

 

60% 

 

1.03(0.4062 to 2.6548)0.93 

2. Stereotyped or repetitive 

Behaviors 

   

Echolalia  39% 28% 0.59(0.2194 to 1.6312) 0.31 

Produce unusual noises 53% 52% 0.95(0.3818 to 2.4115) 0.93 

Rocking and Swaying 80% 84% 1.28(0.3766 to 4.4028) 0.68 

like things moving in circle 53% 36% 0.49(0.1929 to 1.2870) 0.15 

Like moving objects 59% 52% 0.75(0.2973 to 1.8922) 0.54 

Looks things closely/corner of 

eye 

74% 52% 0.37(0.1440 to 0.9808) 0.04 

Adherence to routine //Rituals 17% 8% 0.43(0.0893 to 2.1179) 0.30 

Idiosyncratic/Metaphorical 

language 

 

14% 20% 1.5(0.4569 to 5.1085)0.45 

3. Sensory symptoms    

Cover ears in noise 55% 44% 0.65(0.2592 to 1.6537) 0.37 

Smells everything 45% 20% 0.30(0.1005 to 0.8952) 0.03 

Licks everything 58% 56% 0.93(0.3706 to 2.3731) 0.89 

Bothered by tags on clothes 21% 8% 0.32(0.0678 to 1.5382) 0.15 
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Figure 1: Forest plot showing odds ratios (OR) estimates (95% confidence interval, CI, indicated by the horizontal 

line) for association of deficiencies in verbal, non-verbal and social communication and social interactions with 

ASD girls.     Figure 2: Forest plot showing odds ratios (OR) estimates (95% confidence interval, CI, indicated by 

the horizontal line) for association of Stereotyped or Repetitive Behaviors with ASD girls. 

Figure 3: Forest plot showing odds ratios (OR) estimates (95% confidence interval, CI, indicated by the horizontal 

line) for association of Sensory symptoms with ASD girls. 
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ABSTRACT 

Ecological issues and fossil fuel depletion have boosted research in field of sustainable 

bioenergy development. For biofuel production, oil extraction is key factor related to energy 

consumption as well as product value. This review focuses on recent advances and prospects in 

oil extraction techniques used in biofuel production. Major traditional oil extraction practices 

involve conventional solvent extraction and modern techniques from plants include supercritical 

fluid extraction, physical supported solvent extraction and novel techniques for oil extraction. 

This comparative study addresses conventional and modern oil extraction techniques from plants 

based feedstock for biofuel synthesis. This concise and systematic review covers advancement of 

extraction methods related to feedstock used in manufacturing various generations of targeted 

fuel.  
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INTRODUCTION 

Primarily, world’s energy demands are still served by fossil fuels that account for >88% of chief 

energy consumption ( Agarwal et al., 2018). These current non-renewable energy sources will be 

no longer available and forewarnings about probable depletion of such cheap petroleum based 

http://www.jbbt.org/
mailto:zafar@qau.edu.pk
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fuels have been issued ( Sipra et al., 2018). Additionally, various greenhouse gases such as CO2 

emissions due to fossil fuel combustion are posing serious environmental issues. Hence, the 

reduction of greenhouse gas affluences from fossils and production of potentially sustainable and 

renewable sources has become hot issue and essential topics across the globe ( Pradhan et 

al.,2018). The primary sources of energy that is derived from natural phenomena such as wind, 

water and solar energy ( Manouchehrinejad et al., 2018). Biomass is another primary source of 

energy after coal and oil therefore various technological possibilities for conversion of biomass 

into biofuel have been studied and implemented practically. Generally, biomass is converted into 

fuel via biological, thermochemical and physico-chemical approaches. Biological methodologies 

such as anaerobic digestion and fermentation yield various products such as bioethanol, biogas 

and biodiesel. The thermochemical methods include liquefaction and gasification for production 

of oil and gas, respectively. However, physicochemical such as extraction, esterification and 

transesterification also involve extraction that permits to recover required constituent or 

elimination of unwanted components from directed feedstock ( Guo et al., 2016). 

 

Figure 1. Schematic plan of renewable energy alternatives 
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Current review is structured around classification of traditional and modern oil extraction 

techniques and their application on first, second and third generation feedstock for biofuel 

synthesis.  

Basically, in physiochemical process for bioenergy synthesis, extraction usually involves 

midway phase. Figure 1. As upstream procedures should be done before extraction for example 

cultivation of feedstock and drying process. However, once extraction have been performed then 

afterwards downstream procedures are performed that involve refining of extracts via fractional 

distillation, esterification and transesterification. Extraction is done via three basic ways 

physical, mechanical and chemical approaches ( Khan and  Hann, 1983). In biofuel production, 

all three approaches are used but latter two are frequently applied. Various solvents are used for 

extraction of fueling substances such as hydrocarbons and lipids . Based on specific components 

and type of biomass, solvent selection from variety of available solvents. Extraction conditions 

and extraction solvents (selectivity and efficiency) are affected by physical and chemical 

properties for example polarity ( Kanda et al., 2013). Additionally, environmental concerns and 

economic issues in selection of solvent and application of solvent extraction must be considered. 

Few demonstrative extractable first, second and third generation feed stocks for production of 

biofuel are given in table 1. Biofuel products such as biodiesel and jet fuels’ precursors are 

obtained via extraction process. Wood biomass extracts are used to make bioalcohol. However, 

bio-solid fuel is obtained after water removal and purification of biomass through extraction 

technologies. 

Table 1. Extractable constituents from representative feedstock for synthesis of different 

generations of biofuel. 

Generations of 

Biofuel 

Extraction 

techniques 

Extractable 

Constituents 

Products/ 

Targeted type of 

biofuel 

References 

First generation 

(Food crops, 

animal fats) 

Conventional 

solvent extraction. 
Fats and Oil Biodiesel 

( Adeoti and 

Hawboldt ,   

2014) 
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Second 

generation 

(Non-food 

crops) 

Mechanical, 

Conventional 

solvent extraction, 

Supercritical fluid 

extraction, 

Physical supported 

solvent extraction. 

Hydrocarbons 

Fatty acids 

Biosolids 

Jet fuel 

Biodiesel 

Solid fuel 

 (Mortimer et 

al., 2012) 

(Roschat,2017) 

( Li et al., 

2014) 

Third 

generation 

(Algae) 

Supercritical fluid 

extraction, 

Physical supported 

solvent extraction. 

Hydrocarbons 

Fats 

Jet fuel 

Biodiesel 

(Lovejoy,2013) 

(Lohman,2013) 

 

 

Classification of extraction techniques 

Generally, extraction techniques are classified as mechanical, chemical and physical methods 

used for synthesis of biofuel. Mechanical extraction is done without using any chemical along 

with different advantages for example low equipment price and directly useable crude oil. 

Particularly, the use of expellers or presses are used for mechanical oil extraction from 

oleaginous material. Contrariwise, such methods are used rarely for synthesis of other two 

generations of biofuel. In extraction process, physical techniques involve microwaving, heating 

homogenizing and sonication whereas chemical method primarily involves use of various 

solvent for extraction from targeted feedstock that comprises of use of soxhlet extractor, classical 

liquid-liquid extraction and conventional bligh-dyer method. Unlike mechanical methods, 

application of chemical and physical methods is done at a time and physical methods are 

generally applied for solvent extraction. Hence, in this review for comprehensive assessment of 

chemical and physical methods have been categorized as conventional solvent extraction (CSE), 

supercritical fluid extraction (SFE), Physical supported solvent extraction (PSSE). Additionally, 

new methods of oil extraction have been classified as novel techniques  (Li et al., 2019). 
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Figure 2.Extraction methods for different generations of biofuels along with targeted constituents. 

 Conventional Solvent Extraction  

Traditional technique i.e. CSE has been often used extraction method for times and various 

reports have mentioned it. A prominent technique known as chemical solvent extraction is 

practiced conventionally in several fields such as pharmaceutical industry and food and such 

techniques have been verified. For conventional solvent extraction methods, solvents with high 

solubility and high selectivity are used at room temperature and ambient temperature in order to 

obtain desired composition. Some classical and conventional extraction methods include Bligh 

Dyer method and soxhlet apparatus that are being used frequently for oil extraction from solid 

feedstock Soxhlet extractor was invented by Franz Von Soxhlet and it is used for components 

that are less soluble and impurities are insoluble in solvent (methanol, chloroform and n-hexane)  

Figure 3 shows electric oil expeller used conventionally for mechanical oil extraction whereas 

soxhlet apparatus for chemical oil extraction. 
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Figure 3(a) Mechanical oil extractor (b) Soxhlet Apparatus 

Merits of this procedure include prevention of solvent saturation with extracted material and 

analytes get eradicated from extracting liquid. Repeated procedure is performed that’s why 

sample with fresh portion remain in contact with solvent and boiling point of solvent is selected 

as temperature of the system. It is highly adapted even with many shortcomings like sample 

dilution with huge amount of solvent and requires many hours and days. A blend of solvents is 

utilized in Bligh-Dyer method and possibility is still there to alter this combination depending on 

polarity of fats within targeted material ( Kou and Mitra (2003). For biofuel production, different 

organic solvents have been reported. The principle of Conventional Solvent Extraction in field of 

biofuel production is that organic solvent in contact with biomass, the component to be extracted 

solubilizes into organic solvent due to solubility of biomass in organic solvent. Hence, an 

appropriate solvent with high solubility and biocompatibility for targeted constituents is 

preferred. Nevertheless, demerits of conventional solvent extraction include use of organic 

solvents that are environmentally hazardous and dangerous for health. Furthermore, pretreatment 

is necessary in Conventional Solvent Extraction (CSE) for the extraction of available 

constituents and this pretreatment increases the total cost of process  

         Modern techniques 

Physical supported solvent extraction  

b a 
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Sonication and microwave methods are most frequently used in physical methods along with 

conventional methods. Microwaves, electromagnetic radiations with 0.3-300GHz frequency, are 

applied in order to disrupt plant cells at small scale However, sonication has been studied for 

many years with to disrupt plant cells along with oil extraction. The cavitation of ultrasonic 

waves is more robust as well as intense at 18-50 kHz frequency (much lower) and medium 

conditions, for instance, temperature along with viscosity affect the sonication efficiency ( 

Vinatoru, 2001). Physical supported solvent extraction (PSSE) is meant for integration of 

pretreatment practice into conventional solvent extraction. Due to pre-treatment before biofuel 

synthesis, use of physical supported solvent extraction (PSSE) is reliant on type of biomass. For 

instance, microwaves destroy the biomass owe to generation of high frequency waves via sock 

induction. Hence, it has been recently designated as efficient method for oil containing plant cell 

disruptions( Pragya et al., 2013).. Moreover, it has been used for disruption of cell membrane 

and cell wall of microbial cells through cavitation extensively.  

Supercritical Fluid Extraction 

SFE is oil extraction methodology that developed in 1980s. Owe to high selectivity this method 

has unique advantage. Supercritical Fluid Extraction involves utilization of fluid as extracting 

solvent in supercritical stage. The thermal and physical properties of this fluid are between gas 

and pure liquid. Water and carbon dioxide are utmost frequently used supercritical fluids. This 

method has several merits such as extraction of lipids (non-polar constituents) from biomass( 

Akalm et al., 2017). However, demerits of recently used supercritical fluid extraction methods 

include safety issues and high operational expenses. For example supercritical CO2 has operating 

pressure and temperature above 7.39 MPa and 304.25 K respectively. Therefore, for reduction of 

expenses, recent studies have been done for use of sub critical or near critical solvents such as 

water.  

 Novel Techniques 

Few techniques that do not fall in formerly demarcated categories have been stated as novel 

techniques in this review. Such as: 

 Multiple ionic liquids have been evaluated to check their ability in aqueous media for 

extraction of branched hydrocarbons. ( Simoni, 2010). 
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 Ozonation is another oil extraction method for production of saturated hydrocarbons 

from algae (Kamaroddin,2016).  

 Microalgal oil can be extracted via solvents having switchable hydrophilicity ( Boyd, 

2012). 

 Solvents like Dimethyl ether with liquefied gases have been used for extraction from wet 

biomass and dewatering of biofuel simultaneously( Li et al.,2014).  

Extraction techniques based on feedstock  

Extractable components of different feedstocks for synthesis of various generations of biofuel are 

mentioned in Table 1 

Extraction techniques for feedstock of first generation biofuel  

Animal fats and arable food crops are feedstock for production of first generation biofuel as such 

crops and animals are source of sugar, starch, fats and oil that derives bioenergy synthesis 

reactions. Sugar cane, corn, wheat and oily crops are most common sources for two chief classes 

of first generation biofuel i.e. biodiesel and bioethanol. Particularly biodiesel, defined as fatty 

acid methyl esters, is synthesized via transesterification of triglycerides derived from oils of 

feedstock plants. Conventional solvent extraction and mechanical methods are collectively 

applied for extracting oil effortlessly from food crops for first generation biofuel. The application 

of specific method for oil extraction for synthesis of first generation biofuel depends on 

mechanical techniques as extraction of oil from plant seeds (account for large portion of first 

generation biofuel) is usually done via mechanical pressers as shown in Figure 2. ( Oyinloda et 

al., 2004). Therefore, first generation biofuels are considered to exhibit environment as well as 

economical limitations and consequently fewer researches have been carried out in development 

of mechanical oil extraction  First generation biofuel is no more an innovative research subject 

matter due to its competition with world’s food supply creating food security issues ( Garcia, 

2017; Koizumi, 2015). 

Extraction techniques for feedstock of second generation biofuel  

Fuel, which is manufactured from different kinds of biomass that is not only obtained from 

edible but also non-edible feedstock. Industrial, agricultural, civil residues and wastes as well as 

lignocellulosic biomass offer comparatively more difficulty in extraction of desired fueling 
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substances. Particularly, production of desired fuel is especially challenging via merely 

extraction techniques from wood lignocellulosic biomass. Consequently, techniques to extract 

bio-oil stated in research articles recently are alternate to those performed for residues from 

industries, civil agricultural lands. As second generation feedstock, the utilization of extractable 

woody plants oil has been reported for biodiesel fuel contrary to first generation feedstock 

(predominantly arable crops) ( Branco et al., 2019) . Figure 2 shows procedures for extracting oil 

from sources of second generation biofuel that miscellaneous products are manufactured. Certain 

mechanical techniques have been performed for second generation feedstock as oil content is not 

as much of first and third generation biomass due to poor oil’s recovery rate in case if just 

mechanical method used. Fish oil based biofuel has been derived from waste of fish processing 

plant and subsequently oil was recovered via soxhlet extraction (Conventional Solvent 

Extraction) and carbon dioxide (supercritical fluid extraction) ( Jayasinghe and Hawboldt, 2013). 

Various chemicals specifically organic solvents have been recognized as agents of oil extraction 

for synthesizing the 2nd generation biofuel, as shown in Table 2. 

Table 2 Representative organic solvents for second generation biofuels 

Organic Solvent Feedstock 
Constituents 

extracted 
Yield References 

n-hexane 

Rubber seed Bio crude Oil 

20.4 wt.% 

(Roschat, 

2017). 
dichloromethane 16 wt.% 

Acetone 18 wt.% 

Hexane 

Tobacco Hydrocarbons 

6.28 µg mg-1 FW 

( Mortimer et 

al., 2012) 
Petroleum ether 5.69 µg mg-1 FW 

Chloroform   6.20 µg mg-1 FW 

Wt. weight.FW, fresh weight. 

Case studies between extractable components and polarity mediated by three commonly used 

aprotic or non-polar solvents; petroleum ether, chloroform, n-hexane have been used as solvents 
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in order to extract various hydrocarbons and overall 5.6, 6.2 and 6.2 µgmg-1FW (fresh weight) 

hydrocarbon yield was obtained, respectively, from Nicotiana glauca (Mortimer et al.,2012) 

Whereas, extraction of oil of Hevea brasiliensis (Rubber seed) was done by mixing with solvents 

(polar or non-polar); dichloromethane, acetone or hexane for optimum time of 30 minutes at 

25℃ and extraction yield of total crude oil 16%, 18 wt.%, 20.4%, respectively ( Roschat, 2017). 

.Usually, extraction solvent is selected by following premise “Like dissolves like”. Difference in 

polarity of solvent used determines composition of biofuel from same feedstock. As a Physical 

supported solvent extraction method, ultrasonic associated extraction has been done for biofuel 

(liquid) synthesis from seeds of Jatropha curcus. This technique is effective in potential 

reduction of recalcitrance of cellulose, hemicellulose and lignin i.e. lignocellulosic mass and 

enhances their aptness as bioethanol feedstock ( Shuhairi et al., 2015).  Contrastingly, 

supercritical fluid extraction (SFE) method when applied to lignocellulosic biomass, reflected as 

appropriate for it; due to high resolvability of this technique and researches related to SFE for 

biofuel from lignocellulosic biomass were done via methanol or ethanol. Remarkably, second 

generation biofuel are affected considerably by extraction parameters during the use of 

supercritical fluid extraction, for instance, time, temperature, solvent/biomass ratio and operating 

pressure during extraction procedure. Furthermore, a highly cost effective and eco-friendly novel 

technique by use of gas (liquefied) performed in normal reaction conditions i.e. temperature and 

pressure, stated in various research reports related to crude fuel of biological origin, gained from 

industrial waste as well as crop biomass  ( Sakuragi, 2016). 

 

Extraction techniques for feedstock of third generation biofuel  

Microalgae are considered as main source for third generation biofuel hence termed as algae 

biofuel that has been appeared not only as potentially renewable alternative source for biofuel 

synthesis but also highly feasible feedstock that overcomes the shortcomings of feedstocks of 

other two generations of biofuels. Several diverse types of renewable biofuels include 

hydrocarbons, biohydrogen and biodiesel are being synthesized from algae. There are several 

merits for manufacturing fuel based on algal origin  because biodiesel yield is fifteen to three 

hundred times  more than conventional crops on area basis ( Schenk, 2008). Additionally, algal 



132 
 

harvesting cycle is short with high growth rate and no high featured agricultural lands are needed 

for production of algal biomass (  Dragone (2010).  Due to these assured merits, algal biofuels 

have received great attention globally. In contrast to terrestrial oily plants, oil expellers and 

presses cannot aid in mechanical extraction of algal oil due to intricate cell membrane, small cell 

size and rigid/thick cell wall (Ru an, 2006) . Therefore, different alternate oil extraction methods 

are under consideration to get fueling substances effectively from pro-treated or fresh algae 

because algal biofuel is still in progress. Biofuels synthesized from algae via extraction 

procedure principally comprise bio-jet fuel and biodiesel, with such production depends on 

diverse components biosynthesized by different microalgal species. Figure 2 shows various 

extraction techniques for third generation feedstock; these are conventional solvent extraction, 

supercritical fluid extraction, Sonication, microwaving and liquefied gas that extract components 

like hydrocarbons for biojet fuel and lipids (saturated and unsaturated) for biodiesel synthesis 

(Balasubaramanian et al., 2013; Byreddy et al., 2015).  

Table 3. Oil extraction techniques for biofuel production from algae (Third generation 

biofuel). 

Technique 

Solvent 

Used 

Optimum 

Condition 
Algae 

Constituent 

extracted 

Yield 

(%) 

Soxhlet 

Methanol: 

Hexane 

(2:3) 

Normal 

Pressure, 

Temp 

(70℃) 

Nannochloropsis 

oculata 
Lipids 30 

Bligh-dyer 
Methanol: 

Chloroform 

Normal 

Pressure, 

Temp 

(25℃) 

Schizochytrium 

sp. 
Lipids 22.1 

 

Supercritical 

fluid 

SCCO2 

Pressure 

(15MPa), 

Temp 

Tetraselmis sp. Lipids 10.8 



133 
 

extraction (40℃) 

Sonication - 

(50kHz), 

Time (15 

minutes) 

Chlorella sp. Lipid 25.5 

Microwave - 

Pressure 

(15MPa), 

Temp 

(100℃) 

Botryococcus sp. Lipids 28.5 

Liquefied gas 
Dimethyl 

ether 

Pressure 

(0.51MP) 

Temperat

ure 25 ℃, 

M. aeruginosa 

B. raumii 

Bio-oil 

Hydrocarbon

s 

40.1 

40.9 

Conclusion 

This review discusses currently published articles in biofuel production concerning research on 

extraction process and is envisioned to overcome deficiency produced due to want of relevant 

published articles. For clarification of emerging and multiple existing techniques primarily 

utilized chemical and physical methods categorized as CSE,SFE,PSSE and novel techniques. 

Ideally, SFE retain merits as compared to PSSE and traditional CSE such as organic solvent is 

excluded therefore along with high extraction speed, the risk of storage is also reduced. 

Nevertheless, supercritical fluid extraction technique is still used in pharmaceutical and food 

industries. At this stage this method has technical bottleneck in field of biofuel production owing 

to insufficient cost.  
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ABSTRACT 

As the demand of the world for energy is increasing day by day there is a need of alternate resource of 

energy. Pakistan is a country using huge budget for the import of petroleum goods due to limited energy 

resources. There is huge amount of lignocellulosic biomass is present because Pakistan is an agricultural 

country. This lignocellulosic material can be utilized for the production of alternate energy resource. 

There are many challenges while using lignocellulosic biomass for energy production. One among of 

those is the hydrolysis of biomass by enzymes. These enzymes are expensive, so there is a need to 

produce enzymes from different sources that can efficiently hydrolyze biomass. Termite guts are micro 

environments and also called as mini biorefineries. Due to their proficiency to utilize lignocellulosic 
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biomass.  Therefore, a study was planned to isolate bacteria in termite gut that have the ability to degrade 

hemicellulose and cellulose into respective reducing sugars. Five bacterial isolates were selected on the 

basis of screening by Congo red dye method. All these bacterial isolates have the ability to hydrolyze 

cellulose and hemicelluloses. Biochemical and morphological characterization of the selected bacterial 

isolates were performed. These bacteria may have the enzymes that can efficiently hydrolyze biomass 

that will be helpful for production of biofuel and also for biological waste management.  

Key words: cellulose, hemicelluloses, termites, enzyme, lignocellulosic 
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INTRODUCTION 

Pakistan has huge demand to yield power by fossil fuel, only 20% can be accomplished by domestic 

resources. 80% of petroleum goods and fuel are trade in from diverse countries of world.  Energy is 

most important source for the growth of a country (MPNR, 2008).The current extraordinary charges of 

oil,environmental assistances of reduction in greenhouse gas discharge and potential for the local 

development,all around the world there is considerably enlarged concentration for the production 

bioethanol (Rogers, 2008). In this context, lignocellulosic assets, that is a rich and cost efficient resource 

of deposited energy present in environment. These biological materials are the lead source for biofuel 

production (Lynd et al., 2008). Among different steps for bioethanol production one critical step is the 

conversion of cellulose and hemicelluloses present in lignocellulosic material, into monomeric sugars 

(Galbe and Zacchi, 2007). The major research is required in the step of pre-treatment of biomass, to find 

efficient and cheaper enzymatic systems for lignin exclusion and to degrade hemicelluloses and 

cellulose into individual reducing sugars. Pretreatment signifies the costliest division of bioethanol 

production (~ 20% of entire costs) (Scharf and Boucias, 2010). Termites assimilate and utilize 

lignocellulosic material by different digestive enzymes among which some are endogenous and some 

are symbiont based (Breznak and Brune, 1994; Watanabe et al., 1998; Scharf & Tartar, 2008). Keeping 

in opinion the significance of bioethanol as alternative and renewable fuel, current research was 

accompanied to isolate and screen out the hemicellulose and cellulose degrading bacteria from the 

termite gut. 

MATERIAL AND METHODS 

  Sample Collection 

Wood assimilating termites were collected from the road side, Islamabad from decaying trees.  

 Isolation and Screening Of Hemicellulose And Cellulose Degrading Bacteria  

. Sample preparation 
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Sterilized petriplates were retained in laminar flow hood. It was cleaned up with 70% ethanol 

and also sterilized using UV light for approximately 10 minutes. To remove surface 

contamination, the termites were placed for 10 minutes in 70% ethanol after sterilization the 

termites were washed using sterilized distal water. The termites were cut into two parts, head and 

body. The bodies were selected for isolation of symbiotic bacteria present in termite gut. By 

using pre-sterilized mortar and pestle the bodies of termites were grounded and a suspension was 

made in pre-sterilized distal water. 

 Culturing and purification of bacteria 

The petri plates were organized and prepared by using nutrient agar, some of them have 1% 

carboxymethyl cellulose (CMC) and others have 1% xylan, 7 pH was maintained (Dheeran et al., 

2012, Pourramezan et al., 2012). The suspension made was serially diluted and spread over 

media petri plates. The petri plates were incubated for 24 hours at 30 oC. After incubation period 

colonies appeared that were streaked on new petri plates for purification. To purify the bacterial 

cultures, the bacterial colonies were re-cultured several times.  

 Screening of hemicellulose and Cellulose Degrading Bacterial isolates 

Congo red dye method was used to confirm hemicelluloses and cellulose degrading capacity of 

bacterial isolates. Two different nutrient agar media were prepared, one was with CMC, and 

other xylan for hemicelluloses screening bacteria. The media have composition: peptone 10g; 

beef extract 10g; agar 18g and NaCl 5g per L distilled water. CMC media was supplemented 

with 0.2% CMC and xylan media was supplemented with 0.2% xylan. To get the actively 

growing bacterial isolates, they were cultured overnight in broth media. The actively growing 

bacterial culture (5ul) was poured on petri plates having screening media. The petri plates were 

incubated for 48 hours at 30 oC (Dheeran et al., 2012). 

Congo red dye solution (0.2%) was prepared in 5% ethanol. The petri plates were flooded with 

the above mentioned solution for 20 minutes after incubation. Extra dye was removed by 

washing petri plates, 2-3 times with 1M sodium chloride. The plates having clear zones around 

colonies were selected for specific bactertial isolates having xylan and cellulose degrading ability 

(Tokuda and Watanabe, 2007). The hydrolyzing ability of bacterial isolates was measured by 

taking the ratio of the diameter of both clear zone and bacterial colony (Ariffin et al., 2006). 

 Biochemical and Morphological Categorization of Selected Bacterial Isolates 

 

 Biochemical characterization of bacterial isolates 

Biochemical Characterization of selected bacterial isolates was conducted by using different 

tests. Catalase test was conducted according to Reiner, 2010, oxidase test was performed 

according to Shields and Cathcart, 2010, Triple sugar iron (TSI) medium is used to determine the 

ability of isolates for sugar fermentation and H2S production (Lehman, 2005), Simon citrate 

(Williams, 2009) and SIM (Sulfide- indole motility medium) was conducted to check the 

mobility of bacterial isolates by using ASM, 2011 method.  

  Colony morphology 

http://www.microbelibrary.org/library/8-authors/3225-karen-reiner
http://www.microbelibrary.org/library/8-authors/235-patricia-shields
http://www.microbelibrary.org/library/8-authors/3230-laura-cathcart
http://www.microbelibrary.org/library/8-authors/219-donald-lehman
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Various characteristics of bacterial colonies were considered that include: form of colony, 

margin, colony color and elevation of isolate TGB1, TGB2, TGB3, TGB4 and TGB5. 

Gram staining  

Sigma-Aldrich kit was used for Gram Staining. After staining the slides were examined under 

microscope.  

RESULTS AND DISCUSSION 

Isolation and Purification of Bacteria 

During the study facultative anaerobic and aerobic bacteria isolated from termite gut were 

examined having xylanolytic and cellulolytic ability. Brune et al., 1995 considered that only 

anaerobic environment exists in the termite gut. Whereas anaerobic and aerobic bacteria were 

likewise deliberated by Wenzel et al., 2002. Termites collected from decaying trees were 

selected from Islamabad, Pakistan. The bacterial isolates from termite gut were cultured on 

media having xylan and CMC as carbon source on nutrient agar (Fig. 1). Pure bacterial cultures 

were obtained by streaking them again and again on various petri plates. 

 

 

Figure 1. Bacterial colonies from termite gut 

 

Screening of Xylan and Cellulose Degrading Bacteria 

For screening of bacterial isolates to validate hemicelluloses and cellulose degrading ability 

congo red dye method was used. This method for screening is sensitive and rapid to determine 

cellulolytic potential of bacteria due to high non-covalent affinity for cellulose (Yoon et al., 

2007). Bacterial isolates having clear zone on nutrient media having xylan and CMC were 

selected as positive for xylan and cellulose degradation. During experiment positive control was 
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B. subtilus and negative controlwas E. coli. Purified bacterial isolates were 53, among which 5 

exhibited degradation capacity for both, xylan and cellulose substrates.  The diameter ratio of 

clear zone and colony of all 5 bacterial isolates is listed in (Table 1). For enzymatic activities 

isolates TGB1, TGB3 and TGB5 were selected because they have high capacity to hydrolyze 

xylan and cellulose according to screening results when compared with isolate TGB2 and TGB4. 

For isolate TGB1, TGB2 and TGB3 the diameter ratio of clear zone to colony for CMC was 

calculated as 3.4, 2.84 and 2.3 mm respectively presenting that isolate TGB1 has high capacity to 

hydrolyze CMC when compared to TGB3 and TGB5 (Table 1). Generally, CMC is considered as 

a substrate for endoglucanase activity and Avicel as exoglucanase activity for cellulase (Zhang 

and Lynd, 2004) this means isolate TGB1 has high endoglucanase activity. 

When xylan is considered, diameter ratio of clear zone to colony, isolates TGB1, TGB3 and 

TGB5 is 4.32 mm for both isolate TGB1 and TGB3 and 3.3 mm for TGB5 (Table 1). All the 

three isolates indicate high enzymatic activity for xylan when matched with CMC, means having 

high xylanase activity and hydrolyze hemicellulose more efficiently than cellulose. When results 

from both substrates were compared it was observed that TGB1 has high xylanase and 

endoglucanase activity when compared to TGB3 and TGB5. 

Table 1. Screening of bacteria by Congo Red Dye Method. 

Bacterial Isolates 

Average 

CMC  D/d* (mm) Xylan D/d* (mm) 

TGB1 +3.4 +4.32 

TGB2 +1.39 +1.24 

TGB3 +2.84 +4.32 

TGB4 +1.15 +1.2 

TGB5 +2.3 +3.3 
       *D/d: Hydrolyzed zone diameter/colony diameter 

 

 Biochemical and Morphological Categorization of Selected Bacterial Isolates 

Morphological and Biochemical characterization of TGB1, TGB2, TGB3, TGB4 and TGB5 was 

conducted that have ability to hydrolyze xylan and cellulose.  

Biochemical Characterization  

Different biochemical tests were performed to characterize bacterial isolate. For current study 

Simon citrate, SIM (Sulfide- indole motility medium), oxidase, catalase and TSI (Triple sugar 

iron) tests were done to biochemically characterize isolates TGB1, TGB2, TGB3, TGB4 and 

TGB5.  
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It was observed that isolate TGB3, TGB4 and TGB5 utilize citrate while isolateTGB1 and TGB2 

do not use citrate as sole carbon source (Table 2). Simon citrate test is utilized to determine that 

bacterial isolates have the ability to use citrate as carbon source and ammonium salt (NH4H2PO4) 

present in the media is a source of nitrogen (Williams, 2009). 

SIM is a semisolid agar media used to determine motility of bacteria, hydrogen sulfide 

production and indole formation. All of bacterial isolates did not produce hydrogen sulfide and 

indole but it was observed that all isolates have the motility (Table 2). The SIM media inoculated 

with the isolates was matched with un-inoculated one to discriminate a slight motility.  

Bacterial isolate TGB1, TGB3 and TGB5 did not show oxidase activity but isolate TGB2 and 

TGB 4 were found to be oxidase positive (Table 2). Oxidase test is utilized to find bacteria that 

have the ability to produce cytochrome c oxidase. Oxidase is an electron transport chain enzyme 

that can utilize oxygen during respiration as terminal electron acceptor (Acharya, 2012). Results 

showed that TGB1, TGB3 and TGB5 do not have the ability to produce cytochrome c oxidase. 

Catalase test is performed to discriminate between obligate anaerobes, facultative anaerobes and 

aerobes. The obligate anaerobes generally do not produce catalase enzyme (Mahon et al., 2011). 

All the bacterial isolate TGB1, TGB2, TGB3, TGB4 and TGB5 were found to have catalase 

activity (Table 2). Therefore, results tell that above mentioned isolates were facultative 

anaerobes or aerobes.  

It was observed that TGB1, TGB2, TGB3, TGB4 and TGB5 do not produce any kind of gas 

while performing TSI test. Only glucose was consumed by TGB1 and TGB2 but they do not 

utilize lactose and sucrose (Table 2). Isolate TGB3, TGB4 and TGB5 have the ability to 

consume glucose, sucrose and lactose (Table 2). The media utilized during experiment showed 

acidic slant and acidic butt in the test tube which indicates that all sugars were consumed 

(Lehman, 2005). 

 

Table 2. Biochemical categorization of bacterial isolates 

Tests TGB1 TGB2 TGB3 TGB4 TGB5 

Gas production _ _ _ _ _ 

H2S production _ _ _ _ _ 

Gram stain + + + + + 

Shape Rod Rod Rod Rod Rod 

Catalase + + + + + 

Oxidase _ + _ + _ 

http://www.microbelibrary.org/library/8-authors/219-donald-lehman
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TSI Alk/Acid Alk/Acid Acid/Acid Acid/Acid Acid/Acid 

Indole _ _ _ _ _ 

Citrate 

utilization 

_ _ + + + 

Motility + + + + + 

 

  Morphological Characterization of Bacterial Isolates 

  Colony morphology 

Various characters of the colony morphology were considered that include; form of colony 

margin, colony color and elevation for TGB1, TGB2, TGB3, TGB4 and TGB5 that are given 

(Table 3) and Figure 2 shows all isolates cultured on nutrient agar plate. 

 

  Gram staining  

It is a technique used to distribute the bacterial isolates into two huge groups, founded on the 

various constituents of cell wall (Bergey et al., 1994). All the bacterial isolates TGB1, TGB2, 

TGB3, TGB4 and TGB5 were observed to be gram positive and rod shaped. Gram positive 

bacteria have a thick layer of peptidoglycan (50-90% of cell wall) on the other hand gram 

negative bacteria have a very thin layer of peptidoglycan (10% of cell wall). Regardless of thick 

layer of gram-positive bacteria are reachable to antibiotics as compared to gram negative 

bacteria, due to absence of outer membrane (Bergey et al., 1994). 

 

Table 3. Colony morphology of bacterial isolates 

Bacterial Isolates Morphology of colony 

Elevation Margin Form Color 

TGB1 Convex Undulate Irregular White 

TGB2 Flat Entire Circular Foggy white 

TGB3 Raised Filamentous Filamentous White 

TGB4 Convex Entire Circular Foggy white 

TGB5 Raised Entire Punctiform Pale yellow 
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Figure 2: (a) TGB1 (b) TGB2 (c) TGB3 (d) TGB4 (e) TGB5 
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ABSTRACT:  

The current problem deals with the rheology of unsteady Williamson nanofluids flowby a 

rotatingcylinder among Wu’s slip effects, activation energy and bioconvection of motile 

microorganisms.The nanotechnology and includes particles about Williamson fluid have well-

worn claims in the controlling of physical and chemical properties in the substance at subatomic 

dimensions. This novelty could potentially bridge some of the clear boundaries of biologically, 

physically and chemically shape of our current ideas and understandings. This work also 

involves thermal radiation processes. The governing equationsare made dimensionless by 

appropriate transformation. Then current ordinary differential equations are resolved by bvp4c 

built-in MATLAB mathematical software. In order to get a more effective perception of the 

current exertion, different values of physical parameters such as flow and heat transfer properties 

are tested, e.g.Brownian motion,skin friction coefficient, Lewis number, and Thermophoresis 

parameters, Prandtl numbers, concentration of nanoparticles and gyrotactic microorganisms and 

mass activation energy are exhibited by graphs and tables. Numerically computed results of 

prominent parameters have a very close observation indicate that mixed convection (  ) may 

boost the axial velocity of fluid flow but Rayleigh number and Buoyancy ratio parameter can 

inhibit ( )f   

Keywords: Williamson nanofluid, Stretching Cylinder, Bioconvection, Wu’s slip, shooting 
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INTRODUCTION 

Ligima, a first Japanese researcher who was discovered carbon nanotubes (CNTs) in the early 

nineteenth century. Now in these days the researchers developed their interest in the study of 

nanotechnology to upgrade the (CNTs) into the (SWNTs) and (MWNTs) namely single-walled 

nanotubes and multi-wall nanotubes respectively. In previous century the researchers investigate 

the uses of these nanotechnology in the industrial field to increases the heat transfer rate. 

Nowadays the researchers developed their interest to advance the application of nanotechnology 

in medical field as drug-carriers, especially in the treatment of cancer. For treatment of cancer, 

firstly (CNTs) injected into the blood then they reached at tumor sites under the action of blood 

motion in arterial wall with magnetic effects of external forces. The limited flow of (CNTs) 

along the arteries can express as boundary layer flow. The heat transfer rate of (CNTs), measured 

into the form of nonlinear discrimination system of equations are usually used in physical 

sciences. Additionally the several engineering technologies, such as cooling systems, cannot 

meet the time requirements with the usage of conventional base fluids. A vital need for a fluid 

with an excellent heat transfer rate and improved heating efficiency has been realized to scope 

the requirements of modern global technology. It was claimed to significantly increase the heat 

transfer rate and thermal conductivity of the solidified liquid by combining nano-sized metal 

parts with traditional fluids. Nano-fluid is an important contribution at the final stage of the 20th 

century in the field of fluids. ( Choi  and  Eastman, 1995;  Aamir et al., 2019).  introduced the 

idea of nanofluids for the first time. Choi’s research has shown that the presence of the metal 

nanoparticles in conventional heat transfer fluids that form a traditional class of heat transfer 

fluids. Nanofluid opening rates should be higher than current thermal transfer fluids and are the 

best prospects for rising heat transmission. The uses of nanofluids are visible in power 

production, in nanotechnology, in different chemical processing, and wherever we need the high 

heat transfer rate. Buongiorno ( Alsaedi et al., 2017) Summarized the role in the development of 

the non-homogenous scientific equilibrium for the convective transport of nanoparticles with 

convectional boundaries. He also developed possible slipping tools for Brownian motion and 

thermophoresis in nanofluids ( Boungiorno et al., 2008).   The nanofluid flow under the effects 

mailto:docter_shahgee@yahoo.com
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of peristaltic transport with ion slip and hall. The nanofluid flow with applied magnetics force 

and convective boundary conditions in circular cylinder discovered by Tlili et al. (2019) and also 

some more effective works about this task are added by  Ebraheem et al. (2019) and  Jamshaid et 

al. (2019). Due to the advancement of the heat capacity of nanofluids, a significant change in the 

heat transfer ratio has been detracted. Nield and Kuznetsov (  Kuznetsov) have illustrated the 

features of the nanofluids onto the convective heat transfer flow through the stretching plate. The 

dynamics of nanofluid behavior over layer (moving and stretching) was successfully studied by 

Rashidi et al. (2014) and Hayat et al. (2016). investigated the importance of the flowing of 

thyrotrophic nanofluid in Joule simulation and thermally radiative model. 

  It was   addressed the flow of pseudo plastic materials and suggested a model formula to 

explain the flow of pseudo plastic fluids to evaluate the results. The numerical characteristics of 

Williamson nanofluid flow with geometrically vertical surface explored and  work for numerical 

solution about boundary layer flow of Williamson nanofluid with variable thickness under the 

influence of thermal slip and velocity factors.The MHD flow of Williamson nanoparticles under 

the motion of gyrostatic microorganisms is tackled by Zaman et al ( 2019). Currently  Tlili et al 

(2019). check the effects of numerical simulations and boundary about porous medium on MHD 

Williamson nanofluid flow by nonlinear stretching plate and circular cylinder with solver 

entropy formulation. The velocity of the nanoparticles shows the downward behavior due to the 

lager magnetic field.  Hayat et al  (2016), works on the Williamson nanofluid with heat transport 

and magnetic effects in the presence of activation energy by entropy.  

The ancient methods of medicine are based on bioconvection, now called herbal medicine and 

folk medicine, although they do not adhere to the modern medical science-based concept.The 

traditional medicine and folk medicine are commonly used in conjunction with or instead of 

scientific medicine and are called alternative medicines. Bio convection is the fluid motion due 

to microorganism’s density gradient. As these micro-organisms swim upwards on average, and 

the motive to swim upwards depends on the specie type. Many commercial and industrial 

products such as biofuels and bio-microsystems, ethanol, fertilizers, etc. can be produced 

economically with bio convection. Different studies of the actual behavior of microorganisms on 

bio convection systems have been suggested in the past. Recently, many researchers have 

examined different geometries through bioconvection. Kuznetsov ( 2010), was the first man in 

the history of nanofluid flow that was introduced the extension of nanofluid with bioconvection 
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of microorganism successfully. On the behalf of such use full extension by Kuznetsov ( 2011). 

the phenomenon of nanofluid enhance truncation in the stability of flow via gyrotactic 

microorganisms.Chakraborty et al. ( 2018) ware investigate the nanofluid flow under effects of 

magnetic field with appearance of Bioconvective gyrotactic microorganisms. The similar work 

on this investigation as magnetic field effects on nanofluid flow with freely upward moving 

particles was investigate by Alsaedi et al. (2017). In a rotating dick, Xun et al. ( 2017),examined 

the coupled unsteady conductivity and fluid characteristics of the nanofluid bioconvection flow 

 

 

Figure1. Geometrical representation of nanoparticles with microorganisms nearby circular cylinder. 

 

   Mathematical modeling. 

 Here an investigation has been conducted to scrutinize the time dependent flow of 

Williamson nanofluid past a circular stretching cylinder by up liftingtiny particles i.e. 

microorganisms has been examined in current considered assumptions of governing equations 

(1-5). In the presence of gyrotactic motile microorganisms the impacts of chemical reaction, 

nonlinear thermal radiation, and activation energy and heat generation are observed. The 

perceived geometrical model and its coordinate system with upward movement of 

microorganisms are depicted in Fig. 1. The fluid is assumed to be electrical conductive under 
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effect of non-uniform megnetic field of strength. B   0

1

B
t

ct



0 ,B c are constants. The flow is 

caused by the stretch in boundary wall of the cylinder along x direction. Dilute suspension of 

nano particles and gyrotatic mocroorganism are taken into account. Moreover the 

temperature,concentration and density of motile microorganisms in this flow field on the surface 

of the circular cylinder is non-veriable say wT  , wC and wN  respectively. Lastly the stretching 

velocity is reserved to be  ,
1

w

ax
u x t

ct



. The developed mathematical model ofcontinuity, 

momentum, energy, nanomaterial concentration and motile micro-organisms equations (1-5) 

respectively are modelled respectively by retaining the Oberbeck-Boussineq approximation in 

the dimensional form as given below: 
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The developed flow is examined under the following boundary assumptions 
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0, , , as ,u T T C C N N r            (7) 

The slip effects of second order are considered by following [25] 
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The thermal conductivity express as 
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where 1  is the density coefficient, n , 
g , 

q  are the parameters for density of  motile 

micro-organisms, nanoparticles of base liquid respectively,
pc  represents the specific heat 

capacity, 
*  is the electrical conductivity, is the viscosity ratio, rq is the radiation heat flux, *

1

is the constant material, TD  and BD stand for Thermophoresis and Brownian coefficients in 

order,  stand for thermal conductivity  parameter, , ,T C N are  the nanoparticles volume 

temperature, fraction and motile microorganisms respectively. The current evaluation of the 

thermal conductivity depends upon the temperature. 

The dimensionless forms of under discussion equations are obtained by utilizing similarity 

functions/variables as used  (  Kunzetsov and  Nield, 2010;  Rashid et al., 2014). 
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Where  is similarity variable, l is the characteristic length while  ',f ,   and   are 

dimensionless quantities. The Eqs. (2-5)in respective order yield the following, whereas eq. (1)

gets satisfied. 
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The relations for the initial and boundary conditions as given in eq. (6) and eq. (7) are 

transformed in the form below, 
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The dimensionless parameters of equations (11-16) are  represents as curvature parametrs 

and S  represents unsteady parameter, M isMagnetic number,  is use formixed convection 

parameter, cN isRayleigh number, rN  is buoyancy ratio constant, tN  indicatesthermophoresis 

parameter, bN  is Brownian motion, Pr  is Prandtl number,   stand for thermal conductivity  

parameter, Le is Lewis number, Bi  denotes the Biot number, Pe  is Peclet number, Lb  

indicates the bioconvection Lewis number,  represents temperature difference parameter,  is 

bioconvection constant, 0
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determine the second order slip constant. The symbolic representation of mentioned parameters 

is as follows 
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In order to determine the rate of heat transfer, mass transfer and gyrotactic microorganism. We

Defined as local Nusselt number, local Sherwood number and motile density number 

respectively density function at the cylinder/ plate wall with following expressions 
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where , ,l d nq j j  are the heat flux,  mass flux and the motile flux respectively, which are defined 

below 
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where  1/ 2Re /x w z z    is the Reynolds number [8], xNu  is local Nusselt number, xSh  is local 

Sherwood number while xNn  determined the motile density number. 

1. Numerical computations 

Since dimensionless system of equations (11-16) are highly nonlinear boundary value 

problem, its exact solution is quite challenging. On this end, we employ a famous 

numericalprocedure involving shooting technique simulate the solution. To start simulations, we 

reduces the higher order derivatives to the first order as follows: 
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The transformed conditions are 
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       2 6 8 100, 0, 0, 0, ,h h h h as             (24) 

Following to the iterative procedure, the solution is accurate up to convincing accuracy of 
410 .

The step size for present simulation is taken as 
41 10 .     

RESULTS AND DISCUSSION. 

This section is reserved to manifest the impacts of prominent parameters counter to momentum, 

energy, nanoparticle concentration and motile microorganism density for the time dependent 

Williamson nanofluid flow containing with self-motile tiny organisms (micro-sized). All 
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numerical results are obtained for flow over flat plate and circular cylinder  0, 0  

respectively. The numerical simulation have been computed by computational software 

MATLAB with built-in command bvp4c.A very close agreement of our results with those 

obtained from methodsas depicted in Table 1, establishes that authenticity of the numerical 

scheme employed in this work. Table 2 demonstrates that skin friction ( )f  coefficient 

reduces reciprocally when M ,We , and S are incremented but the magnitude of ( )f   rises 

slightly with increment in values of  and  . Table 3 reveals that the local heat transfer rate 

( )  rises directly with Pr, Nb and S but it dimensionless against the increase in ,tN   and . 

Table 4 presents the numeration of Schmidt number ( )  . It can be noted that ( )  exceeds for 

larger values of Pr, M and Bi , but it goes on decreasing with growing values of ,bN  and

.Table 5 is presented to disclose that local density number of motile microorganism ( ) 

reduces reciprocal to ,M Mb and  but the quantity ( )  grows directly with rise in the values 

of , , ,tN Pe Lb  and Bi . 

The Fig.1 is the geometrically representation of nanoparticles and upward moving 

microorganisms in all over Williamson nanofluid which is suspended nearby circular 

cylinder.Fig.2represent the impact of M over the velocity distribution ( )f  . Graph portrayed 

that the velocity profile declines by growing the values of M as megnatic parameter. The cause 

of increasing drag force as observation reveal that increment in magnetic parameter M  provides 

resistance in flow of the fluid. Moreover in case of flow over cylinder the velocity distribution

( )f   doesn’t change significantly when M  increases. 

Fig.3 is depicting the behavior of buoyancy ratio rN  parameter on velocity profile ( )f  . The 

sketched result gave a clear image that rising values of rN  retard down the velocity effect.  

The effect of bio-convection Rayleigh number cN  on velocity distribution is illustrated 

throughFig.4. The traces of the output depicts that rising function of cN  leads to depreciation of 

velocity field ( )f  . In short, we noticed that bio-convection Rayleigh number is responsible to 

reduce velocity distribution.  

The mix convection parameter  cause uplift in velocity profile ( )f  , as plotted in Fig.5. As we 

increase , the curves for velocity rises in both cases i.e. flat plate and cylinder. 
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Fig. 6 illustrates the influence of magnetic parameter M on temperature distribution ( )   for 

both flat plate and cylinder. Observation discus the enhancement in temperature of fluid for 

increasing values of magnetic parameter over flat plate and circular cylinder  0, 0  

respectively. 

Fig. 7 reveals the pattern of magnetic parameter M over temperature profile ( )   that 

diminishes on rise in the values of unsteady parameter S . 

Fig.8 is displaying the behavior of essential non-dimensional parameterPrandlt number Pr  on 

temperature function ( )  . The increasing trend of the Prandlt number Pr shows decrement in 

temperature distribution ( )  . This dimensionless parameter is responsible for transformation of 

heat through fluid over flat plate and circular cylinder  0, 0   respectively. 

The influence of temperature ratio parameter  on temperature ( )   is sketched inFig.9. The 

dimensionless parameter   refers to raise the temperature forits values for both cylinder and flat 

plate. 

The effect of mix convection parameter  on thermal boundary distribution is illustrated through 

Fig. 10. Observation states that rise in mix convection parameter  reduces the amount of 

thermal boundary layer distribution ( )  . The effect has same trend on two different geometries 

i.e. flat plate and cylinder thus temperature field decreases on increase of   parameter.  

The effectsof thermophoresis on temperature distribution ( )   is visualized by Fig.11. It is 

observed that larger values of tN  the thermophoresis creates an increasing trend of temperature 

function.  

Fig. 12 depict the impact of Prandtl number on the volumetric concentration of nanoparticles. As 

the value of Pr  increases, the volumetric concentration ( )  isdecreased. 

The display of concentration ( )   with respect to unsteady parameter S , for flow over a cylinder 

and flat plate is demonstrated in Fig.13. It can be observed that ( )   the non-dimensional 

concentration function enhances near the boundary region but it reduces in the free stream 

beyond 1  . Physically heat loss in sheet increases with enhancement in unsteadiness 

parameter, due to which the temperature of fluid decreases. 

The impact of Magnetic parameter on   can be seen in Fig. 14 for cylinder and flat plate. Graph 

indicate that an enhancement in magnetic parameter M  induces increment in ( )  . 
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The physical impact of activation energy over volumetric concentration is drawn inFig. 15. The 

obtained curves indicate that ( )  is increasing function of activation energy which leads to 

enhancement of volumetric concentration for both cases i.e. flat plate and cylinder. 

The impact of dimensionless parameter on concentration distribution is exhibited inFig. 16. It 

is noted that when dimensionless parameter  is uplifted the amount of concentration profile 

( )  rises for the flat plate and cylinder, both the geometries. 

Fig. 17 is the demonstration of mixed convection parameter  on concentration profile ( )  . 

The sketched lines came to conclude that concentration profile reduces on rising values of mix 

convection parameter. Physically, mixed convection parameter is combined phenomena of 

natural convection and forced convection that reduces concentration profile. 

To analyze the behavior of thermophoresis over volumetric profile ( )  Fig. 18is plotted.The 

larger values of thermophoresis parameter tN makes concentration profile stronger. 

Fig. 19depicting the impact of Brownian motion bN  over concentration profile. The sketched 

traces leads to conclude that concentration profile shows decreasing trend on larger function of 

Brownian motion. 

To analyze the influence of magnetic parameter over motile microorganism profile Fig. 20 is 

plotted. The profile of ( )  for flat plate and cylinder increases as we rise the magnetic 

parameter.The influence of unsteady parameter S  on motile microorganism is analyzed by Fig. 

21. The exceeding values of S  gave rise to ( )  . Generally, it can be concluded as when 

unsteadiness parameter is increased the motile microorganism distribution also increased.  

The effect of mixed convection parameter  on motile microorganisms is illustrated by Fig. 22. 

It is seen that density function ( )  decreases as we uplift mixed convection parameter. 

The effect of Peclet number Pe over motile microorganism’s distribution ( )   is expressed 

inFig.23.  Depreciation in ( )  is visualized for larger Peclet number for both cases i.e. circular 

cylinder and flat plate. 

To visualize the impact of Bio-convection Lewis number on ( )  ,Fig.24 is plotted. The 

graphical patterns exhibits that rise in Lb  causes a notable reduction in ( )  . 

The validation of present numerical solutions is characterized by comparison with existing 

solution of Fanget all[22].  
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Tabular values. 

Table 1. Comparison of 1/2Re fC for 2M with 0We S       

2M  Fathizadeh et al [22] Fang et al 

[20] 

Hashim et al 

[21] 

Present study 

HPM MHPM Exact solution 

0 1 1 1 1 -1.0001 -1.0000 

0.5 - - - -1.1180 -1.1181 -1.1182 

1.0 -1.4142 -1.4142 -1.4142 -1.4142 -1.4143 -1.4143 

 

Table 2. variation of  0f  for M, , , , , ,Nr Nc We   and S  

Parameters  0f   

M    
rN  cN  We      S  0.0   0.2   

0.1 

0.4 

0.8 

0.1 0.1 0.1 1.0 0.1 1.0 0.1 0.6354 

0.5979 

0.5158 

0.5491 

0.5212 

0.4587 

0.2 0.2 

0.3 

0.4 

      0.6318 

0.6363 

0.6408 

0.5461 

0.5491 

0.5521 

  0.2 

0.5 

     0.6270 

0.6264 

0.5429 

0.5424 
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0.8 0.6258 0.5419 

   0.2 

0.5 

0.8 

    0.6264 

0.6239 

0.6213 

0.5422 

0.5396 

0.5370 

    2.0 

3.0 

4.0 

   0.6264 

0.6269 

0.6256 

0.5409 

0.5401 

0.5399 

     0.3 

0.5 

0.7 

  0.6238 

0.6308 

0.6333 

0.5447 

0.5476 

0.5505 

      1.2 

1.4 

1.6 

 0.5876 

0.5549 

0.5263 

0.5009 

0.6464 

0.4370 

       0.2 

0.4 

0.6 

0.6039 

0.5654 

0.5352 

0.5261 

0.4978 

0.4751 
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Table 3. variation of  0 for Pr, , , , , ,Nb Nt We   and S  

Parameters  0  

Pr  bN  
tN    We      S  0.0   0.2   

1.0 

2.0 

3.0 

0.2 0.3 0.3 1.0 0.1 1.0 0.1 0.5182 

0.6804 

0.7803 

0.6213 

0.7466 

0.8273 

1.2 0.1 

0.4 

0.7 

      0.5581 

0.5594 

0.5594 

0.6501 

0.6564 

0.6624 

  0.4 

0.7 

1.0 

     0.5662 

0.5558 

0.5452 

0.6628 

0.6470 

0.6309 

   0.1 

0.4 

0.8 

    0.4599 

0.4366 

0.3959 

0.5071 

0.4922 

0.4657 

    2.0 

3.0 

4.0 

   0.5588 

0.5585 

0.5583 

0.6512 

0.6507 

0.6505 

     0.3 

0.5 

  0.4457 

0.4464 

0.4983 

0.4990 
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0.7 0.4471 0.4998 

      1.2 

1.4 

1.6 

 0.4377 

0.4311 

0.4251 

0.4910 

0.4852 

0.4800 

       0.2 

0.4 

0.6 

0.5772 

0.6147 

0.6512 

0.6702 

0.7054 

0.7381 

 

Table 4.variation of  0 for Pr, , , , , , ,Nb Nt We Le E  and Bi  

Parameters  0  

Pr  bN  
tN    We  Le    E  Bi  0.0   0.2   

1.0 

2.0 

3.0 

0.2 0.3 0.3 1.0 1.0 1.0 0.1  0.7774 

1.0206 

1.1705 

0.9320 

1.1200 

1.2410 

1.2 0.1 

0.4 

0.7 

       1.6772 

0.4195 

0.2398 

1.9502 

0.4923 

0.2839 

  0.4 

0.7 

1.0 

      0.2831 

1.1116 

1.9081 

0.3314 

1.2939 

2.2081 
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   0.1 

0.4 

0.8 

     1.3796 

1.3097 

1.1878 

1.5212 

1.4765 

1.3971 

    2.0 

3.0 

4.0 

    0.8382 

0.8378 

0.8375 

0.9767 

0.9760 

0.9758 

     1.2 

1.4 

1.6 

   0.8372 

0.8357 

0.8342 

1.9479 

1.9458 

1.9438 

      1.2 

1.4 

1.6 

  1.3130 

1.2933 

1.2754 

1.4730 

1.4555 

1.4399 

       0.2 

0.5 

0.8 

 1.3800 

1.3808 

1.3817 

1.5213 

1.5217 

1.5220 

        1.0 

1.4 

1.7 

0.6676 

0.7568 

0.8033 

1.4927 

1.7259 

1.8517 

 

 

 



164 
 

Table 5.variation of  0 for , , , , , , ,M Nb Nt Pe Lb   and Bi  

Parameters  0  

M  bN  
tN  Pe  Lb        Bi  0.0   0.2   

1.0 

2.0 

3.0 

0.2 0.3 0.3 1.0 0.5 1.0 0.1  0.8193 

0.7718 

0.6556 

0.7493 

0.7082 

0.6088 

1.2 0.1 

0.4 

0.7 

       0.8788 

0.7776 

0.7640 

0.8164 

0.7025 

0.6861 

  0.4 

0.7 

1.0 

      0.7671 

0.8300 

0.8904 

0.6898 

0.7653 

0.8365 

   0.1 

0.4 

0.8 

     0.8802 

1.0970 

1.4706 

0.9058 

1.2901 

1.9499 

    2.0 

3.0 

4.0 

    0.6111 

0.6913 

0.7641 

0.5977 

0.6705 

0.7378 

     0.3 

0.7 

   0.8501 

0.8502 

0.7827 

0.7828 
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1.0 0.8503 0.7829 

      1.2 

1.4 

1.6 

  0.8203 

0.7978 

0.7776 

0.7501 

0.7240 

0.7010 

       0.3 

0.5 

0.7 

 0.8484 

0.8509 

0.8535 

0.7835 

0.7871 

0.7906 

        1.0 

1.4 

1.7 

0.7949 

0.8024 

0.8063 

0.7799 

0.7980 

0.8086 
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2. Figures 

 

Figure 2. Impact against M over f   

 

Figure 3. Impact against rN over f   

 

Fig.4. Impact against cN over f   

 

Fig.5. Impact against  over f   
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Fig.6. Impact against M over   

 

Fig.7. Impact against S over   

 

Fig.8. Impact against Pr over   

 

Fig.9. Impact against  over   
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Fig.10. Impact against  over   

 

Fig.11. Impact against tN over   

 

Fig.12. Impact against Pr over   

 

Fig.13. Impact against S over   
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Fig.14. Impact against M over   

 

Fig.15. Impact against E over   

 

Fig.16. Impact against  over   

 

Fig.17. Impact against  over   
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Fig.18. Impact against tN over   

 

Fig.19. Impact against 
bN over   

 

Fig.20. Impact against M over   

 

Fig.21. Impact against S over   
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Fig.22. Impact against  over   

 

Fig.23. Impact against Pe over   

 

Fig.24. Impact against Lb over   
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In economic sector, the main backbone of Pakistan is considered agriculture that produces a hug 

volume of waste material which has a very few economic uses. White rot Fungi play an 

important role in the production of hydrolytic enzymes like cellulases. In current study 

Phaeolusspadiceus.was used for the production of exoglucanase by Solid State Fermentation of 

wheat straw.P.spadiceus produced exoglucanase having high enzymatic activity during the 

fermentation of wheat straw under optimum physical and nutritional conditions. There was 

maximum exoglucanase activity after 72 h of fermentation, at 30°C temperature, pH 4.5, 70 % 

moisture level and 1 mL fungal inoculum. Further production was increased with glucose as 

carbon source (5%) and peptone as nitrogen source (2.5%). The characterization of enzyme 

revealed that it has optimum temperature as 30°C and optimum pH as 4.5 using 1% Avicel 

aqueous solution as substrate. KCl, ZnCl2, NaCl and MnCl2 have positive effect on enzyme but 

Zn+2 ion has high positive effects on exoglucanase activity. The Km and Vmax were 34.48 mM 

and 175.43 μM/ ml/ min, respectively. 

key words:Exoglucanase, Phaelousspadiceus, Wheat Straw, fermentation 

Department of Biotechnology, Mirpur University of Science and Technology (MUST), 

Mirpur(AJK), Pakistan 

  ⃰Corresponding author: raja.tahir@must,edu,pk 

 

INTRODUCTION 

Agriculture is the main backbone of Pakistan ineconomic point view. Open field burning of raw 

materials from agriculture cause climate change and pollution. The source of fermentable sugars, 

most abundant and renewable is lignocellulosic biomasson earth (Himmel et al., 1999; Saleem et 

al., 2008 and Ahmed et al., 2009) and in nature are the most importantsource of fixed carbon 

(Yang et al., 2007 and Ahmed et al., 2009).Annual worldwide builds 10–50 billion 

tonslignocellulosic biomass from the plants (Sticklen, 2006 andPersad and Bisaria, 2014).The 

components of lignocelluloses consist of cellulose (∼30 to 50%), hemicellulose (∼20% to 35%), 

and lignin (∼15% to 25%). The renewable biomass can be used to produce building blocks for 

many industrial products through acidic or enzymatic hydrolysis like the production of organic 

acids (Xia et al., 1999), ethanol (Brethauer et al., 2010) and other important chemicals 

(Mahmood et al., 2013).Renewable lignocellulosic materials with less cost will be used to 

produce bioproducts and bioenergy for the local economy and national energy protection (Zhang, 

2008 and Zhang and Zhang, 2013).The lignocellulosic biomass isideal for enzymatic hydrolysis 

due to non-repressing by-products and nontoxic discharges (Persad and Bisaria, 2014) but high 

cost of industrial enzymes remains a barrier commercially.  

In hydrolytic enzymes, cellulase is the most important group that catalyse the breakdown of β-1, 

4 linkages thatappear in cellulose to give glucose. Cellulases are the group of extracellular 

enzymes including endoglucanase, exoglucanase and β-glucosidase. Exoglucanase acts on 

oligosaccharides that have reducing and non-reducing ends and releases cellobiose units, which 

consist of glucose units more than two. Exoglucanase havetunnellike loop and three-

dimensional(3D) structureat active sitefor interaction with substrate by hydrogen binding 

(Sinnott, 1997; Mahmood et al., 2013).Cellulases are important industrial enzymes and use in 

mailto:raja.tahir@must,edu,pk
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many industries like wine and brewery industry (Bamforth, 2009), textile industry (Karmakar 

and Ray, 2011), pulp and paper industry, food industry and bioethanol industry (Kuhad et al, 

2011). 

The researchhasfocus to improve the productivity of known enzymes, identify new and more 

active enzymes, and optimized characters of enzymefor lignocelluloses and less the production 

cost of enzyme (Merino and Cherry, 2007 and Zhang and Zhang, 2013). For enzyme production 

used different lignocellulosic materials are wheat straw (Norma and Guillermo, 2003; Yang et 

al., 2006 and Mahmood et al., 2013), wheat bran and corn cobs (Betini et al., 2009 and 

Mahmood et al., 2013) 

Now-a-days, solid-state fermentation (SSF) is more used becauseof its advantages like lower 

investment spending, less cost of media for fermentation, quantity of better production, less 

energy needs and not essential requirement of manycontrols of fermentation parameters and low 

amount of waste production. 

The capacity to degrade lignocellulose is high among fungi than bacteria.White-rot fungi that are 

responsible for efficient lignin degradation in wood decay processes. Phaeolusspadiceusis 

present in the heart wood of the tree. It is widely study for degradation of lignocellulotic biomass 

(Wheat straw) by secretion of extra cellular enzyme like exoglucanase.  

MATERIALS AND METHODS  

Substrate collection and preparation 

Wheat straw was used as substrate for the growth of P.spadiceusto produce exoglucanase.Wheat 

straw was collected from the village of SamwalSharife, Mirpur Azad Kashmir, then air dry it for 

20 days.Oven dried it for 24 hours at 60 0C for the removing of remaining moisture. After that, it 

was ground into powder form in the laboratory of Biotechnology, MUST, Mirpur Azad Kashmir. 

Powder of substrate was packed in airtight plastic jars before use in fermentation process. 

Fermentation Organisms 
Collection and Isolation of P.spadiceus 

The sample of P.spadiceus was collected from the laboratory of Biotechnology, MUST, Mirpur 

Azad Kashmir. It was isolated by culturing on malt extract agar media in aseptic conditions. 

Slant was prepared from isolated pure culture on Malt Extract Agar (MEA) media. The slant and 

pure culture of P.spadiceus were stored at 4oC in refrigerator for future use. 

Preparation of Fungal Inoculum Media  

For inoculum broth media was contained per litter; 3g of peptone, 20g of dextrose, 20g of malt 

extract and adjusted pH at 4.5. The inoculum media was autoclave at 121oC and 15 psi for 15 

minutes. After autoclave, the fungal spores were incubated into inoculum media from the culture 

plate under aseptic conditions. The flask containing inoculum media was placed in shaking 

incubator at 120 rpm at 30 oC for 2-3 days. 

Fermentation Process 
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Flasks containing 5g of grinded wheat straw was moist with 2.5ml (50%) of d.H2O, having pH 

5.5 that maintained with the help of 1M HCL/NaOH and autoclave these flasks at 121oC and 15 

psi for 15 minutes. Each flask after autoclave was inoculated aseptically with 1ml of P. 

spadiceusinoculum and incubated these flasks at 30oC for species days. 

Sample Harvesting 

After specified day, in each of the flask added 50ml of d.H2O (pH 5.5) for the extraction of 

exoglucanase. These flasks were shake at 120rpm for 30 minutes in shaking incubator. The extra 

cellular enzymes dissolved in water, which was filtered with help of filter paper. Filtrate extract 

of enzyme, then centrifuge at 12000 rpm for 10 minutes to remove all spores and impurities. 

Supernatant was stored as a crude enzyme at 4oC before preforming enzyme assay (Shafique et 

al., 2004; Mahmood et al., 2013). 

Effect of Physical and Nutrients Conditions 

Fungal growth and production were optimized by maintaining different conditions in order to 

gain maximum production of exoglucanase from P. spadiceus.During current study following 

conditions were optimized. 

Effect of Fermentation Period 

P. spadiceus growth was optimized for different fermentation time period from 24hr to 168hr. 

After different period, with gap of 24 hours, the harvested crude enzyme sample was subjected to 

enzyme assay. 

Effect of pH 

P. spadiceuswas cultured, for the optimization of pH at ranging from 3.5 to 8.5 (six varying pH 

of distil water used as moisture content 50% into substrate) and adjusted with the help of 1M 

HCl/NaOH. 

Effect of Moisture and Temperature Level 

P. spadiceus was incubating at four different temperatures (25 oC, 30oC, 35 oC and 40 oC) and 

three different moisture levels (30%, 50% and 70%) for 3 day (optimum). 

Effect of Carbon and Nitrogen Sources 

Carbon and nitrogen sources in different forms was used as substrate for the growth of P. 

spadiceus that increase the production of exoglucanase. For the carbon sources (Glucose, 

Fructose and Sucrose) and the nitrogen sources (Peptone, Urea and Ammonia Nitrate) were used 

during the current study. 

Standard Curve 

Cellobiose was used as a standard because exoglucanase act on the non-reducing end of cellulose 

and release disaccharide units (cellobiose). Different concentrations of standard were prepared in 

0.0 μM-4 μM. Standard factor would be calculated by measuring absorbance of each 

concentration at 540nm. 
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Enzyme Assay 

Avicel was used as substrate for exoglucanase (Sherief et al., 2010). 1% solution of Avicel in 

distal water is used as enzyme assay. Following reagent are used for enzyme assay of 

exoglucanase. 

DNS reagent: Dinitrosalicylic acid was used to form the coloured complexes with the product of 

exoglucanase. Five hundred ml solution of DNS was prepared by mixing of 5g of NaOH, 1g of 

phenol, 0.25g of Na2SO4, 91g of Roshelle salt and 5g of 3, 5-dinitrosalicylic acid.  

Sodium citrate buffer: Five hundred ml. of buffer was prepared by mixing 3.88g of citrate acid 

and 1.91g of tri-sodium citrate in distal water with pH 4.8. 

Procedure of Enzyme Assay 

The activity of crude enzyme exoglucanase was observed by adding 1ml of crude enzyme, 1ml 

of 1% Avicel (substrate) and 1ml of Sodium citrate buffer having pH 4.8 in a test tube. Incubated 

the test tube at 30oC for 30 minutes in the incubator. After 30 minutes added 3ml of 

Dinitrisalicylic acid (DNS) into each test tube to stop the reaction and tubes were placed in 

boiling water for 15 minutes. During boiling, DNS react with enzymatically hydrolytic product 

of exoglucanase to formed complexes. The concentration of these complexes was measured by 

spectrophotometrically at absorbance 540nm. 

Enzyme Activity 

One unit of enzyme activity defined as the amount of enzyme which released one micro-mole of 

glucose per minute. 

Characterization of Exoglucanase 

  

Purified exoglucanase was exposed to the characterization of different kinetic parameters. 

Optimization of pH for Exoglucanase  

To check the effect of pH on exoglucanase used two types of buffer (Sodium citrate buffer and 

Phosphate buffer). Enzyme assay was performed at different pH values of Sodium citrate buffer 

(pH-3.5, 4.5 and 5.5) and Phosphate buffer (pH-6.5 and 7.5). 

Optimization of Temperature for Exoglucanase 

Enzyme assay was performed at six different temperature levels e.g., 20 oC, 25 oC, 28 oC, 30 oC, 

35 oC, 40 oC at pH 4.5.   

Optimization of metal ions for Exoglucanase 

Enzyme assay of exoglucanase was performed at five different metal ions solution (CaCl2, KCl, 

ZnCl2, NaCl and MnCl2) and measured spectrophotometrically at 540nm. Metal ions interact 

with enzyme and change their structure and either enhance or inhibit their activity. 



178 
 

Effect of Substrate Concentration for Determination of Km and Vmax 

For enzyme assay five different concentration of Avicel (2mM, 4mM, 6mM, 8mM and 10mM) 

were used to the determine Km and Vmax of the enzyme. 

 

RESULTS AND DISCUSSION 

The enzyme (exoglucanase) is one of important cellulose enzyme that is contributed to the 

degradation of large amount of wheat straw (cellulosic waste). The study of production of 

exoglucanase from fungus (P. spadiceus) and optimized it at different conditions will help to 

produce high quantity of enzyme that reduce environment pollution and produce appreciated 

things from resulted fermentable sugar. During the current study, different factors would discuss 

below that are optimized. 

Effect of Physical and Nutrients Conditions 

Effect of Fermentation Period 

After Day-3 (72 hr.) of fermentation, P. spadiceusgave maximum production of exoglucanase 

(97.11 IU/mL/min) (Fig. 1). At day-3 production of exoglucanase was increased but after day-3 

production of exoglucanase decreased due to depletion of nutrients and accumulation of waste 

materials. Current results show the resemblance with the resultsthat reported by Shafique et al. 

(Shafique et al., 2004) for exoglucanase by fungal source (Mahmood et al., 2013). 

 

Figure  1. Effect of fermentation period for exoglucanase by P. spadiceus 
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P. spadiceus was produced maximum exoglucanase production (147.02 IU/ml/min)at pH 4.5 of 

fermentation (Fig. 2).After that, its activity decreased due to the acidic nature of enzyme and 

decreased in the stability of enzymes. 

 

Figure  2: Effect of pH for exoglucanase by P. spadiceus 

Effect of Moisture and Temperature Level 

Maximum production of exoglucanase was observed (Fig. 3) at 70% of moisture level and 30oC 

of temperature (69.47 IU/mL/min). Increase moisture level from 30 to 70% showed that increase 

in production of exoglucanasefrom fungus growth. Increase in temperature, initially increased 

the activity of enzyme because the higher movement of molecules that increase in kinetic energy 

of exoglucanase. As result, the rate of reaction was enhanced, and substrate-enzyme interaction 

increased. Further increase in temperature caused decrease enzyme activity due to denaturation 

of structure of proteins, enzyme (Mahmood et al., 2013). 
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Figure  3. Effect of Moisture and Temperature Level for exoglucanase by P. spadiceus 

Effect of Carbon and Nitrogen Sources  

For carbon source used glucose, fructose and sucrose and for nitrogen source used urea, peptone 

and ammonium nitrate as additional components for the growth of P. spadiceus. Both are used 

for fungal growth as nutrients sources, as well as exoglucanase production. As carbon source 

used glucose and nitrogen source used peptone, maximum production was observed (75.8 

IU/mL/min), to produce exoglucanase (Fig. 4). External carbon sources (glucose) increase the 

growth of fungi and production of cellulases because of easily available to fungus than substrate 

(Gaind and  Nain, 2007 and Mahmood et al., 2013). Peptone is better nitrogen source as 

compared to urea and ammonium nitrate. Sherief et al. also described that the cellulases 

production enhances with peptone more than urea because amino acidscontain in peptone, 

readily available as nitrogen source for the growth of A. fumigatusand production of enzymes 

(Trectheweyet al., 2005 and Mahmood et al., 2013). 

 



181 
 

 

Figure 4. Effect of Carbon and Nitrogen sources on exoglucanase activity 

Characterization of Exoglucanase 

 
Optimization of pH for Exoglucanase 

 For optimum pH for exoglucanase, enzyme assay held under different pH values of sodium 

citrate buffer (3.5, 4.5 and 5.5) and phosphate buffer (6.5 and 7.5). The maximum activity (53.11 

IU/mL/min) was observed at pH 4.5 of sodium citrate buffer. Future increase of pH values of 

different buffer (Sodium citrate and phosphate buffer),the enzyme activity wasdecreased 

probablybecause ionic strength in reaction mixture changed in that case the protein of enzyme is 

unstable (Fig. 5).  

 

Fig 5: Optimization of pH of exoglucanase 

 

1.1. Optimization of Temperature for Exoglucanase 



182 
 

For optimization of temperature, exoglucanase activity assay was held under at different 

temperature ranging from 20oC, 25oC, 28oC, 30oC, 35oC and 40oC. In each case,pH was retained 

at 4.5. Exoglucanase showed maximum activity (64.79 IU/mL/min) at 30°C (Fig. 6). After that, 

further increased temperature was decreased exoglucanase activity due to denaturation of 

enzyme structure. 

 

Figure 6. Optimization of temperature of exoglucanase 

Optimization of Metal Ions for Exoglucanase  

For the optimization of exoglucanase,the different metal ions like Ca+2, K+, Zn+2, Na+, and Mn+2 

at different concentrations of CaCl2, KCl, ZnCl2, NaCl and MnCl2 were used. As results 

described that maximum metal ions have positive effects on exoglucanase activity (Fig. 7).  

Maximum effect on exoglucanase activity was Zn+2 ion and KCl, ZnCl2, NaCl and MnCl2 have 

positive effect on enzyme. These ions increase the production of exoglucanasebecause activating 

many processes in the fungus like synthesis of proteins and act as a cofactor of enzymes. 

 

Figure 7. Effect of metal ions on exoglucanase activity 
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Effect of Substrate on Exoglucanase: Determination of Km and Vmax 

The Michaelis–Menten constants Km and Vmaxfor exoglucanase was performed at varying 

concentration of Avicel (2, 4, 6, 8, and 10 mM) and that constants were measured by 

Lineweaver–Burk reciprocal plot. The Lineweaver–Burk reciprocal plot between 1/V0 (cellulase 

activity) on Y-axis against 1/[S] (concentration of substrate) on X-axis (Fig. 8) and generated a 

hyperbolic curve. The values of Km and Vmax for exoglucanase from P spadiceuswas measured 

by the Linear equation from the plot to be 34.48 mM and 175.43 μM/ml/min, respectively. 

Dashtban et al. was stated from Trichodermareesei, the value of Km 3.8 mM of exoglucanase 

(Dashtban et al., 2009 and Mahmood et al., 2013). Ayman et al. was described the Vmax of 1.80 

U/mL for exoglucanase by using as a substrate Avicel (Dabaet al., 2011 and Mahmood et al., 

2013). Km value of 4.34 mM and Vmax of 7.29 μM/mL of exoglucanase from 

Aspergillusfumigatus was reported by Mahmood et al. (Mahmood et al., 2013). 

 

 

 

  

 

Figure  8. Line-Weaver Burk doubles reciprocal Plot to calculate Km and Vmax. 
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CONCLUSIONS 

Exoglucanase takes part in the breakdown of cellulose along with endoglucanase and 

betaglucosidase. It hydrolyzed oligosaccharides produce by endoglucanase into tri- and 

disaccharides, called cellobiose. The Solid-state fermentation of wheat straw is producing large 

amount of exoglucanase by Phaeolusspadiceus under improved conditions. Maximum 

exoglucanase activity was observed at 30°C temperature, day-3 and pH 4.5. Addition of glucose 

as a carbon source 5% and peptoneas a nitrogen source 2.5% further enhanced the production of 

exoglucanase. Values of Michaelis–Menten kinetics constants (Km and Vmax) indicated that 

exoglucanase has high affinity for its substrate (Avicel). Different inorganic metal ions like K+, 

Mg2+, and Ca2+ and Na+ have positive effect on enzyme activity but Zn2+ have more positive 

impact on enzyme activity. These ions act as cofactor for exoglucanase or help in the synthesis 

of proteins. Purification of chromatography techniques, utilization for biofuel production and 

application at pilot scale can be used for future perspectives. 

Conflict of interest: The authors declare no conflict of interest. 
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