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APPENDIX I 

Procedure for Nutrient Analysis 

 

 

i) DETERMINATION OF ASH CONTENT 

 

Aim 

 To determine the ash content of the given food sample. 

Principle 

 By continuous heating, the substance gets charred which can be used for the 

determination of minerals present. 

Apparatus 

 Porcelain crucible, clay pipe triangle, muffles furnace, desiccators, weighing balance, 

asbestos sheet. 

Procedure 

 About 5g of the sample was weighed accurately into a tarred platinum or porcelain 

crucible (which had previously been heated to about 600°C and cooled).  

 The crucible was then placed on a clay pipe triangle and heated in a muffle furnace 

for about 3-5 hours at 600°C, the crucible was then cooled in a desiccator and weighed. 

 To ensure completeness of ashing, heated in a muffle furnace for half an hour, cooled 

and weighed. This was repeated till two consecutive weights were the same and ash was 

almost white or greyish white in colour. 

Result 

 The ash content of food sample is ----------------gram.  
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ii) ESTIMATION OF MOISTURE 

Aim 

To estimate the amount of moisture present in the given sample. 

Materials 

Petri plate, weighing balance, desiccator and hot air oven 

Procedure  

 Take sterilized petri plates, weigh them and note the initial reading (W1). 

 Place 5 g of the given sample in the petri plate, weigh them and note the reading (W2) 

 Keep it in hot air oven at 100°C for 4 hours.  

 After the sample has been dried, take out the petri plate from hot air oven and keep it 

inside the desiccator until it cools. 

 Weigh the petri plate and note the final reading (W3). 

 

Calculation 

% of moisture= weight of petri plate+ weight of sample – final weight of the petri plate × 100 

Weight of sample 

 

iii) ESTIMATION OF FAT 

Aim  

 To estimate the amount of fat present in 100 grams of the given food sample. 

Principles 

This method involves a partial drying of a weighed sample prior to a Soxhlet 

extraction. The extracted fat is weighed and the fat content is calculated. It is important that 

sand be incorporated with the sample before drying. The purpose of the sand is to create a 

greater surface area, necessary to remove moisture and prevent entrapment of fat. 

Apparatus 

Thimbles (33 x 80 mm), Soxhlet extraction apparatus, heating mantle, Filter paper, 

aluminium dishes, Glass beads, hot air oven, Analytical balance, weighing balance 

Reagents and Solutions 

Petroleum ether  
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Procedure 

 Accurately weigh 3 – 4 grams of sample into a thimble lined with a circle of filter 

paper and containing a small amount of sand.   

 Place thimble and contents in 50 mL beaker and keep it in Soxhlet apparatus for  

1.5 hours at 125±1°C for 10 minutes.  

 Upon completion of the extraction, separate the unit and pour off the ether (and 

thimble) from the extractor into a large filter (to collect the thimbles) positioned on a 

container  

 Repeat until most of the ether is removed and the flask has very little ether left. Take 

apart the Soxhlet unit and place flask on a steam bath to evaporate the remaining 

petroleum ether.  

 Dry flask and its contents in a mechanical convection oven at 100-102°C for time 

required to obtain constant weight. Cool to room temperature.  

 

Calculations  

Fat content, percent = 100 (B – C)  

     A  

Where, A = Sample weight  

B = Weight of flask after extraction  

C = Weight of flask prior to extraction 

 

iv) ESTIMATION OF PROTEIN 

Aim 

To estimate the amount of protein in the given sample. 

Principle 

The protein content is determined from the organic Nitrogen content by Kjeldahl 

method. The various nitrogenous compounds are converted into ammonium sulphate by 

boiling with concentrated sulphuric acid. The ammonium sulphate formed is decomposed 

with an alkali (NaOH) and the ammonia liberated is absorbed in excess of standard solution 

of acid and then back titrated with standard alkali. 

Apparatus 

Kjeldahl digestion flask - 500 or 800 mL  
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Kjeldahl distillation apparatus, - same digestion flask fitted with rubber stopper through 

which passes lower end of efficient rubber bulb or trap to prevent mechanical carryover of 

NaOH during distillation.  

Conical flask, 250 mL  

Burette 50 mL. 

Reagents 

Concentrated Sulphuric acid - special grade 1.84  

Sodium Hydroxide solution - 45%. Dissolve 450 gm of Sodium Hydroxide in 1000 mL 

water  

Standard Sulphuric acid solution – 0.1 N  

Standard Sodium Hydroxide solution – 0.1 N  

Methyl red Indicator solution - Dissolve 0.5 gram methyl red in 100 mL of alcohol 

Procedure 

Weigh about 1-2 grams of the sample and transfer to a 500 or 800 mL Kjeldahl flask 

taking care to see that no portion of the sample clings to the neck of the flask. Add 0.7 gram 

of Mercuric oxide, 15 grams of Potassium Sulphate and 40 mL of concentrated sulphuric acid 

(Mercuric oxide is added to increase the rate of organic breakdown during acid digestion). 

Because of environmental/safety concerns over handling and disposal of mercury, copper 

sulphate can be used. This is important from safety point of view as mercury vapours might 

escape into the environment during the distillation process. Missouri catalyst tablets known 

as Kjeldahl tablets (Composition: 48.8% Sodium sulphate & 48.9% Potassium sulphate & 

0.3 % copper sulphate can also be used). Add two to three glass beads. Place the flask in an 

inclined position on the stand in the digestion chamber and digest. Heat the flask gently at 

low flame until the initial frothing ceases and the mixture boils steadily at a moderate rate. 

During heating rotate the flask several times. Continue heating for about an hour or more 

until the colour of the digest is pale blue. If black specs are present after 30 minutes of 

digestion, wrap the vessel with aluminium foil and keep for 2-3 minutes. By doing this black 

specs would move down from the walls in the digestion mixture. If the specs are still present, 

remove the vessel from heat and allow to cool for 10 minutes. Do not modify the heat 

intensity in the whole process. Alternatively, few drops of water may also be poured down 

across the side of the flask. Cool the digest and add slowly 200 mL of water. Cool, add a 
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piece of granulated zinc or anti-bump granules and carefully pour down the side of the flask 

sufficient NaOH solution (450 gram/litre) to make the contents strongly alkaline (about  

110 mL) before mixing the acid and alkaline layer. 

Connect the flask to a distillation apparatus incorporating an efficient flash head and 

condenser. To the condenser fit a delivery tube which dips just below the surface of the 

pipette volume of standard acid contained in a conical flask receiver. (Precaution: The 

receiving solution must remain below 45°C to prevent loss of ammonia). Mix the contents of 

the digestion flask and boil until 150 mL have distilled into the receiver. Add 5 drops of 

methyl red indicator and titrate with 0.1 N NaOH solutions. Carry out a blank titration 

simultaneously.  

1 mL of 0 .1 N (H2 SO4) = 0.0014 gram N. 

Calculation 

Nitrogen content (N) in %= (Blank – Titre value) x Normality x 1.4 

Sample weight 

Calculate protein %:  N x Conversion factor 

 

(Ideally the protein content of food stuff is calculated by multiplying its total nitrogen content 

by 6.25, This factor is used whenever the nature of the protein is unknown or when the 

product to be analyzed is a mixture of different proteins with different factors. However, use 

of different Nitrogen conversion factors for different matrices may lead to better accuracy of 

results.) 

 

v) DETERMINATION OF CRUDE FIBER CONTENT 

Aim  

To determine the fiber content of the given food sample. 

Principle 

The term ―crude fiber‖ ordinarily meant in agriculture and food analysis. It is the 

organic residue consisting largely of cellulose that is left after other carbohydrates and 

proteins have been removed by successive treatment with boiling acids and alkalis. The crude 

fiber obtained in this way is not cellulose but contains distinct properties of hemicelluloses, 

and nitrogenous substances. These however are not sufficient to prevent the results from 

being reasonably accurate and comparable. 
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Apparatus 

Weighing balance, Beaker, Glass rod, Funnel, Muslin cloth, Burner and Wire gauze. 

Reagents 

0.255 N Sulphuric acid: 0.9 mL of Sulphuric acid in 99.1 mL water. 

0.313 N Sodium hydroxide: 0.8 g Sodium hydroxide in 99.2 mL water. 

Ether  

Alcohol 

Procedure 

5 grams of the sample was weighed into a 500 mL beaker and 200 mL of boiling 

0.255N sulphuric acid was added. The mixture was boiled for 30 minutes keeping the volume 

constant by adding water at frequent intervals (a glass rod inserted in the beaker helps smooth 

stirring and boiling). At the end of the period, the mixture was filtered through a muslin cloth 

and the residue was washed with hot water till free from acid. The mixture was then 

transferred to a beaker containing 200 mL of boiling 0.313 N sodium hydroxide. After boiling 

for 30 minutes (keeping the volume constant as before) the mixture was filtered through a 

muslin cloth. The residue was washed with hot water till free from alkali following by 

washing with some alcohol and ether. It was then transferred into a crucible, dried overnight 

at 80-100
°
C and weighed. The crucible was heated in a muffle furnace at 600

°
C for 2-3 hours.  

Cooled and weighed again. The difference in the weight represents the weight of the fiber. 

Results 

100 grams of sample contains ----------- of fiber. 

vi) ESTIMATION OF CALCIUM 

 

Aim 

 To estimate the amount of calcium present in the given sample. 

Principle 

 Calcium is determined by the precipitating it as calcium oxalate and titrating the 

oxalate solution in dilute sulphuric acid against standard potassium permanganate. 

Apparatus 

 Beaker, burette, pipette flask and standard flask. 
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Reagents 

Ammonium Oxalate (4%): Ammonium oxalate was dissolved in 200 mL of distilled 

water till it was saturated. 

0.01N Oxalic acid: 0.063 gram oxalic acid crystals were weighed and dissolved in 100 

mL of distilled water. 

0.01N KMnO4: 0.316 gram KMnO4 was dissolved in 100mL of distilled water. 

Strong ammonia. 

Glacial acetic acid. 

2 N sulphuric acid: 5.5 mL of sulphuric acid was dissolved in 94.5 mL of distilled water. 

Procedure 

2 mL of sample is taken into a 15 mL centrifuge tube. Add 2 mL of distilled water and 

1 mL of 4% ammonium oxalate solution and mix thoroughly and leave overnight. Again, the 

contents are mixed and centrifuged for 5 min at 1500 rpm. The supernatant liquid is poured 

off and the centrifuge tube drained by inverting the tube for 5 min on a rack (care should be 

taken not to disturb the precipitate). The mouth of the centrifuge tube is wiped with a piece of 

filter paper. The precipitate is stirred and the sides of the tubes are washed with 3 mL of 

dilute ammonia. It is centrifuged again and drained as before. The precipitate is washed once 

more with dilute ammonia to ensure the complete removal of ammonium oxalate. The 

precipitate is dissolved in 2 mL of 1N H2SO4. The tube is heated by placing in it a boiling 

water bath for 1 min and titrated against 0.01N KMnO4 solution to a definite pink colour 

persisting for at least 1 min. 

 

Calculation 

1 mL of 0.01N KMnO4 is equivalent to 0.2004 mg of calcium 

1 mg of calcium / 100 mL serum= (x-b) x 0.2004 x 
100

2
   

where, 

X=number of mL of 0.01N KMnO4 required to titrate of sample, 

b= number of mL of 0.01N KMnO4 required to titrate 2 mL of H2SO4 (Blank) 

If the normality of KMnO4 is N, the value obtained in the above formula should be 

multiplied by the factor N/0.01. 
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vii) ESTIMATION OF IRON 

 

Aim 

 To estimate the amount of iron present in 100 g of the given food sample. 

Principle 

 The food sample is oxidized with ignition or oxidation. Iron as ferric iron reacts with 

ammonium thiocyanate or with potassium thiocyanate to given ferric thiocyanate which is red 

in colour. The colour which is a measure of the concentration is measured calorimetrically. 

Apparatus 

 Volumetric flask, test tubes, Klett pipettes. 

Materials 

Stock iron solution dissolved 0.0702 gm (70.2mg) of reagent grade crystalline ferrous 

ammonium sulphate (Mohr‘s salt) in 100 mL of water. 

Working standard: prepared a working standard solution in a 100 mL volumetric flask by 

adding 100mL of the stock and diluted to the mark with distilled water. 

Saturated potassium per sulphate solution stock 7 to 8 gram of reagent grade potassium 

per sulphate in 100 mL of water in a glass stopped flask. The undisclosed crystals settled to 

the bottom and com pen sate the loss by decomposition.   

3N potassium thiocyanate dissolved 146 g of reagent potassium thiocyanate in water and 

diluted to 500 mL with water filtered if turbid added 20 mL of pure acetone to improve the 

keeping quality. Deterioration will be evident from the rapid fermentation of a yellow colour 

in the blank. Stored in brown bottles. 

Procedure 

 2 g of the sample was ached by ignition when ashing had been com pelted 5mL of 

hydrochloric acid was added and made up to 100 mL in a volumetric flask. Took different 

aliquots of the standard solution (1 mL-5 mL) to corresponding to 10-50 grams in a series of 

the test tube. Added 1mL of 30% H2So4 1 mL of potassium per sulphate and 1.5mL of 

potassium thiocyanate to all the test tubes. This was made up to 10 mL with water. A blank 

was prepared by adding the reagents except the standard or the unknown solution. Allowed 

the colour to develop for 20 minutes and the intensity was read at 530-540µ filters in the 

colorimeter. 

Result: 

 100 grams of sample contains---------------------------------milligram of iron. 
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viii) ESTIMATION OF PHOSPHOROUS 

 

Aim 

To estimate the amount of phosphorous present in the sample. 

Principle 

When the ash solution is treated with ammonium molybdate, phosphomolybdic acid is 

formed. Phosphomolybdic acid is reduced by the addition of 1,2,4 amino naphthol sulphonic 

acid reagent to produce a blue colour which is apparently a mixture of oxides of 

molybdenum. The intensity of the colour developed is the measure of phosphorous present. 

Apparatus 

Measuring cylinder, Klett, test tubes, pipette 

Materials 

Molybdate solution I: Dissolving 25 g of reagent grade ammonium molybdate in about 

200 mL of water. In one-litre volumetric flask 500 mL of 10 N sulphuric acid wad added. The 

molybdate solution was added and was diluted with water to one litre. This solution is stable 

indefinitely. 

Molybdate solution II: Dissolving 25 g of reagent grade ammonium molybdate in about 

200 mL of water. In one-litre volumetric flask 300 mL of 10 N sulphuric acid wad added. The 

molybdate solution was added and was diluted with water to one litre. This solution is stable 

indefinitely. 

ANSA: 195 mL of 15% sodium bisulphite solution was placed in a glass stoppered 

cylinder. 0.5 g of 1,2,4 ANSA was added followed by 5 mL of 20% sodium sulphite. Put the 

stopper and shook until the powder was dissolved. If the solution was not complete, added 

more sodium sulphite, 1mL at a time with shaking but avoided excess. This solution was 

transferred to a brown glass bottle and stored in the refrigerator. 

Stock standard phosphorous solution: 35.1 mg of pure potassium di-hydration phosphate 

is weighted and dissolved in water. Added 10 mL of 10 N sulphuric acid and made up to 100 

mL with water. 5 mL of the solution contains 0.4 mg of phosphorous. Prepared a working 

standard containing 8 grams of phosphorous in 1mL of the solution by making up to 5 mL of 

the standard solution to 50 mL with water.  

Procedure 

 1 mL of the ash solution was taken in two test tubes.  
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 1 mL of molybdate II and 0.4 mL of ANSA were added and the volume was made up 

to 10 mL with distilled water. 

 To 1 mL, 2mL, 3 mL, 4 mL and 5 mL of standard solution, 1 mL of molybdate I 

solution and 0.4 mL of ANSA were added and made up to 10 mL. 

 All the tubes containing 10 mL of the solution were mixed well and allowed to stand 

for 15 minutes. 

 Simultaneous, a blank was prepared by mixing 8.6 mL of water, 1 mL of molybdate II 

and 0.4 mL of ANSA. 

 The colour developed was read in the colorimeter using red filter of wavelength  

660 nm. 

Result 

100 g of the sample contains -------------- mg of phosphorous. 

 

ix) ESTIMATION OF ZINC 

Aim 

This standard prescribes the atomic absorption spectrophotometric method for the 

determination of zinc present in the sample. 

Apparatus:  

Atomic absorption spectrophotometer with air acetylene flame, hallow cathode lamp – 213.8 

nm.  

Reagents: 

Zinc (NIST traceable), Nitric acid (1:499), Concentrated HCL.  

Procedure:  

Take 100 ml standard flask. Prepare Zn standards (Nist traceable) to 0.05, 0.075, 0.1, 0.125, 

0.15&0.2 mg/L in nitric acid (1:499). Prepare a blank solution in 100 mL distilled water. Take 

1-2gm of sample in a beaker and digest with 50 mL of conc. HCL till the volume reduced to 

3/4
th

.  Cool and filter and make up to 100 mL with distilled water. Process the blank also in 

the above manner. Set the AAS as per the specific work instruction. Aspirate the blank, 

standards and sample solutions. Measure the absorbance of the zinc at 213.8nm.  
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Calculation: 

 Draw the standard calibration graph by plotting the absorbance Vs standard conc. for 

each Standard. 

 Process a standard at detection level (0.01 ppm) as quality control check with every 

batch of samples and measure its conc. from the Calibration graph. 

x) ESTIMATION OF MAGNESIUM 

Aim 

To determine the concentration of magnesium (Mg) in food samples  

Principle 

Magnesium is converted to magnesium pyrophosphate which is estimated gravimetrically. 

Reagents 

10 % Ammonium phosphate solution 

10 % sodium citrate solution 

0.1 % methyl red indicator 

1:4 and 1:10 ammonia: water solution 

Procedure 

To the calcium free filtrate, 30 mL of concentrated nitric acid (HNO₃ ) is added and the 

solution evaporated completely on a boiling water bath. 5 mL of conc. HCl and 100 mL of 

water are then added and the solution is stirred well with a glass rod. it is followed by the 

addition of 10 ml of 10% ammonium phosphate solution and 5 ml of 10% sodium citrate 

solution and stirred the mixture. After adding 2-3 drops of methyl red indicator, the solution 

is neutralized with the addition of 1:4 diluted ammonia. Strong ammonia (25 mL) is added, 

stirred vigorously and the mixture left to stand overnight, filtered through Whatman No. 40 or 

44 filter paper and washed free from chlorides using 1:10 diluted ammonia. The funnel with 

the precipitate on the filter paper is dried in an oven. The filter paper is then transferred to a 

weighed crucible (preheated and cooled) and made into ash slowly over a burner. It is then 
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kept in a muffle furnace at 600°C for 2 hours. The crucible and contents are cooled in 

desiccators and weighed to get magnesium as its pyrophosphate. 

Calculation 

 

 

xi) ESTIMATION OF VITAMIN C BY DYE METHOD 

 

Aim:  

To estimate the amount of vitamin C present in the given sample. 

Principle: 

Vitamin C is a good reducing agent and it reduces the dye 2,6 dichlorophenol 

indophenol. In this reaction, the ascorbic acid itself is oxidized to dehydro ascorbic acid. In 

the absence of interfering substances, the capacity of an extract of the sample to reduce 

a standard solution of the dye as determined by titration is directly proportional to the vitamin 

C content. Oxalic acid is not only used to reduce the pH of the extracting medium, there by 

establishing vitamin C but also form complexes with metals e.g.  copper thereby preventing 

the catalytic oxidation of vitamin. 

Apparatus:   

Centrifuge, centrifuge tubes, mortar and pestle, beakers, pipette, 100 mL standard 

flask, burette and funnel. 

Reagents: 

1. 2, 6- Dichlorophenol indophenol dye: Dissolved 42 mg of bicarbonate and 52 mg of 

2,6 dichloro phenol indophenol in about 50 mL of water. This was diluted to 200 mL, 

filtered, and stored in the refrigerator. 

2. 4% oxalic acid: Dissolved 4 g of oxalic acid in 100 mL distilled water. 

3. Standard Ascorbic acid: Dissolved 100mg of pure ascorbic acid crystals in 100 mL of 

4% oxalic acid. 

Standardization of the dye:  

Pipetted out 10 mL of the   standard ascorbic acid solution into a beaker and then 

added 25 mL of 4% oxalic acid. From this solution pipetted out 5 mL into a conical flask 
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and placed in an ice container and the contents were titrated against the dye in the 

burette.  The end point was the appearance of pink colour which persisted for 30 seconds. 

The amount of dye consumed is equivalent to the amount of ascorbic acid present. 

Procedure:  

  5 g of the sample was weighed and soaked in 4% oxalic acid for 10 minutes.  This 

was then ground in a mortar and transferred to centrifuge tubes adding more oxalic acid.  

The solution was centrifuged and the supernatant clear liquid was transferred to a 100 

mL standard flask and repeated the extraction with oxalic acid three to four 

times. All the supernatants were collected in the same standard flask and this was finally 

made up to the mark with acid.  The dye was taken in a microburette and titrated against 5 

mL of the extract in a beaker. The end point was the appearance of pink colour which 

persisted for 30 sec. The titration was repeated till concordant values were obtained. 

 

Determination of Dye Factor 

Standard Ascorbic acid Vs 2,6 Dichlorophenol indophenol 

Volume of ascorbic acid 

(mL) 

Burette reading (mL) Volume of the dye 

(mL) 

 

Indicator    Initial     Final 

     

 

 1mL of standard ascorbic acid solution contains 1mg of ascorbic acid       

 10 mL of standard ascorbic acid solution contains 10 mg of ascorbic acid     

 10 mL of the standard ascorbic acid solution was made up to 35 mL  

 35 mL of the solution contains 10 mL of ascorbic acid 

∴ 5.0 mL of the solution contains = 10 x 5 =1.428 mg of ascorbic acid 

…………… mL of the dye is reduced by 1.428 mg of ascorbic acid 

∴1 mL of the dye is reduced by ……… mg of ascorbic acid. 
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Dye factor  

Extract Vs Dye 

Volume of ascorbic acid 

(mL) 

Burette Reading (mL) Volume of the dye 

(mL) 

 

Indicator   Initial    Final 

 

 

    

1.0 mL of the dye is reduced by …………. mg of ascorbic acid   

∴ ……. mL of the dye is reduced by …………. mg of ascorbic acid 

5 mL of the extract contains =  

∴ 50mL of the extract contains = ……………… 

50 mL extract made from ……….. g of food sample 

∴ 3g of contains = …………. mg of ascorbic acid  

Therefore 100 g contains = …………. mg of ascorbic acid 

 

RESULT: 
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APPENDIX II 

Quantitative Phytochemical Estimation 

 

i) TOTAL PHENOLIC CONTENT 

Preparation of standard solution 

3 mg of Gallic acid dissolved in 3 mL of distilled water. Dilutions of this solution with 

distilled water were prepared to give the concentration of 25, 50, 75, 100, 200 and 250 

μg/mL. 

Preparation of test sample 

Stock solutions of samples were prepared by dissolving 10 mg of dried methanolic extract in 

10 ml of methanol to give concentration of 1mg/mL. Then prepares sample concentrations of 

25, 50, 75, 100, 200 and 250 μg/mL. 

Procedure 

The powdered extract was dissolved in methanol to obtain a concentration of 1 mg/mL. The 

100 μL of this solution was taken in to 25 mL volumetric flask, to which 10 mL of water and 

1.5 mL of Folin-Ciocalteu‘s reagent were added. The mixture was then kept for 5 min and to 

it 4 mL of 20% w/v sodium carbonate solution was added. The volume was made up to 25 

mL with double distilled water. The mixture was kept for 30 minutes until blue colour 

develops. The samples were then observed at 765 nm. The % of total phenolic was calculated 

from calibration curve of Gallic acid plotted by using similar procedure. 

ii) TOTAL FLAVONOID CONTENT  

Principle 

Formation of acid stable complexes with the C-4 keto group and either the C-3 or C-5 

hydroxyl group of flavones and flavonols in addition with aluminium chloride. Aluminium 

chloride also forms acid labile complexes with the ortho-dihydroxyl groups in the A- or B-

ring of flavonoids.  
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Procedure 

Extracts diluted with methanol to come under the linearity range (2 mL, 0.3 mg/mL) were 

individually mixed with 0.1 mL of 10% w/v aluminium chloride hexahydrate, 0.1 mL of 1 M 

potassium acetate and 2.8 mL of distilled water. After 40 minutes of incubation period, at 

room temperature, the absorbance of the reaction mixture was determined 

spectrophotometrically at 415 nm. Sample blank was prepared in similar way by replacing 

aluminium chloride with distilled water. Sample and sample blank were prepared and their 

absorbance was measured at 415 nm with a double beam UV/Visible spectrophotometer, 

SHIMADZU UV 1800 (Japan). All prepared solutions were filtered through Whatman filter 

paper (no 41) before measuring. To perform the calculations of total flavonoid content in the 

plant extract, a standard calibration curve is needed which is obtained from a series of 

different concentrations of a standard reference flavonoid (like Quercetin, Rutin, Naringenin). 

iii) TOTAL ALKALOID CONTENT 

A part of extract residue was dissolved in 2 N HCl and then filtered. 1 mL of this solution 

was transferred to separatory funnel and washed with 10 mL chloroform (3 times). The pH of 

this solution was adjusted to neutral with 0.1 N NaOH. Then 5 mL of BCG solution and 5 mL 

of phosphate buffer were added to this solution. The mixture was shaken and complex 

extracted with 1-, 2-, 3- and 4-mL chloroform by vigorously shaking, the extract was then 

collected in a 10 mL volumetric flask and diluted with chloroform. 

Preparation of standard curve 

Accurately measured aliquots (0.4, 0.6, 0.8, 1 and 1.2 mL) of Atropine standard solution was 

transferred to different separatory funnels. Then 5 mL of pH 4.7 phosphate buffer and 5 mL 

of BCG solution was taken and the mixture was shaken with extract with 1, 2, 3, and 4 mL of 

chloroform. The extracts were then collected in 10 mL volumetric flask and then diluted to 

adjust solution with chloroform. The absorbance of the complex in chloroform was measured 

at spectrum of 470 nm in UV-Spectrophotometer (SHIMADZU UV-1800) against the blank 

prepared as above but without Atropine. 
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APPENDIX III 

Authentication Certificate for Cucurbita pepo L. Seeds 
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APPENDIX IV 

Animal Ethical Clearance Certificate 
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Introduction
Free radicals are natural unfavorable byproducts in our 
body created by various biological processes such as 
respiration, digestion, metabolism of alcohol and drugs, 
and the lipids conversion into energy. They can initiate 
multiple reactions in the body, including damage to cell 
membranes, block the functioning of key enzymes, hamper 
vital cellular processes, impair normal cell division, 
DNA, and obstruct energy generation.[1] If the natural 
antioxidant mechanism in our bodies that normally 
eliminates free radicals cannot cope properly, it may lead 
to oxidative stress, which is the underlying cause of a wide 
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Lead (Pb) exposure is considered to be an alarming public health problem since evidence has mounted 
regarding its adverse impact on health and reproduction. The current research was intended to evaluate 
the ameliorative effects of Cucurbita pepo L. (pumpkin) against lead toxicity-induced oxidative stress in 
experimental rats. Before the animal study, a preliminary phytochemical screening was done to detect the 
presence of various phytoconstituents in the seed extract. Thirty adult male wistar rats were selected and 
randomly divided into five groups for the experimental study. Group 1 served as the control while groups 2, 
3, 4 and 5 were treated with 30 mg/kg lead acetate, 1000 mg/kg seed extract alone (high dose), 30 mg/kg 
lead acetate and 100 mg/kg seed extract (low dose) and 30 mg/kg lead acetate and 1000 mg/kg seed extract 
(high dose), respectively. Enzymatic antioxidant concentrations in serum and testis were found to check 
the response of antioxidants to lead toxicity. In lead treated group, increased oxidative stress was observed 
which was indicated by a significant (p<0.001) decline in the concentration of the enzymatic antioxidants 
(SOD, CAT and GPx) coupled with a significant increase in lipid peroxidation marked by high MDA level. 
Interestingly, at high dosage of C. pepo seed extract, enzymatic antioxidant concentration was comparable 
to control and significantly higher compared to other experimental groups. The study revealed that even 
in low dosage, C. pepo administration could improve the antioxidant status in the lead-treated group. This 
investigation recommends C. pepo seeds as a potent natural product promising strong protection against 
lead toxicity-induced oxidative stress which could be pharmacologically explored for drug synthesis.
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A B S T R A C TA R T I C L E  I N F O

spectrum of diseases and disorders. The occurrence of 
oxidative stress can be accelerated by modern lifestyle, 
which includes an unhealthy diet, sedentary work, and 
exposure to a variety of toxic chemical substances, 
including pesticides, heavy metals, food additives, and 
environmental pollutants.[2]

Lead (Pb) is a heav y metal and a well-known 
environmental contaminant that poses a significant 
threat to mankind. The extensive use of lead in metal 
products, paints, batteries, medical appliances, and 
varnishes makes human exposure inevitable.[3] Lead has 
received considerable attention due to its bioaccumulative, 
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nonbiodegradable, and immutable characteristics. Lead 
poisoning causes unusual physiological, biochemical, 
and behavioral changes in the circulatory, metabolic, 
cardiovascular, neurological, excretory, and reproductive 
systems.[4] Conversely, little is known about the exact 
mechanism of action through which lead affects male 
fertility. Despite the fact that different theories have been 
put forth to elucidate the pathogenesis of lead toxicity, 
several studies declare that lead may partially intercede 
oxidative stress to repress male reproduction either by 
producing reactive oxygen species (ROS) or by affecting 
antioxidant enzymes, or sometimes both.[5] 

The body possesses several enzymatic mechanisms to 
reduce radically generated damage and safeguard against 
the excess production of free radicals. Antioxidants play 
a crucial part in these defense mechanisms. A delicate 
balance between oxidants and antioxidants helps healthy 
organisms defend against reactive oxygen species’ harmful 
effects. Therefore, the steady formation of free radicals 
must be balanced or neutralized by a constant intake of 
antioxidants. Antioxidants, irrespective of enzymatic or 
non-enzymatic, are chemicals that prevent the production 
of free radicals and strive to scavenge, neutralize, or 
repair the damage caused by them.[6] It is widely accepted 
that antioxidant supplementation against lead-induced 
oxidative stress is an established method to alleviate lead 
toxicity.[7] According to reports, antioxidant enzymes 
are essential for shielding cells from the oxidative stress 
brought on by lead exposure.[8] Natural antioxidants are 
available in various substances categorized as secondary 
plant metabolites, such as polyphenols (phenolic acids, 
flavonoids) and terpenoids (carotenoids) and consuming 
foods rich in these substances in significant amounts 
appears to play a crucial role in disease prevention.[9]

 Since the dawn of human civilization, plants have 
served as a local repository of raw resources to isolate 
or produce several traditional medications.[10] Pumpkins 
are one of these plants, and because of its components 
and health-promoting phytochemicals, it is utilized to 
treat various diseases and disorders.[11] Pumpkins belong 
to the Cucurbitaceae family and are comprised of many 
edible species. They are mostly found in China, India, 
Pakistan, Argentina, Yugoslavia, America, Mexico and 
Brazil.[12] The macro-and micronutrient composition of 
pumpkin seeds-which includes proteins, phytosterols, 
lignans, triterpenes, polyunsaturated fatty acids,  phenolic 
compounds, tocopherol, carotenoids, and minerals are 
all thought to be responsible for their health benefits.[13] 
Pumpkin seeds (Cucurbita pepo L.) are also rich sources of 
unsaturated fatty acids, fibers and antioxidants.[14]

Mechanisms of action must certainly be identified 
in-vitro; nonetheless, it is also necessary to demonstrate 
the efficacy of these same ingredients in-vivo.[15] In view 
of the scanty studies on the protective effect of C. pepo 
seeds against lead toxicity induced oxidative stress, the 

present study was designed to investigate on the efficacy 
of C. pepo seed extract in mitigating lead induced effects on 
the serum and testicular oxidative status in experimental 
rats and discover whether co-treatment with C. pepo seed 
extract could reverse these adverse physiological changes. 
The study also hopes it could lay a scientific foundation for 
exploring on multiple therapeutic applications of C. pepo 
seeds particularly in drug discovery.

Materials and Methods 

Sample Collection and Identification
The C. pepo seeds were collected directly from farmers 
at Tudiyalur, locale in Coimbatore, Tamilnadu, India. 
The sample was confirmed and authenticated (voucher 
specimen number BSI/SRC/5/23/2021/Tech/282) at 
Botanical Survey of India, Southern Regional Centre, 
Tamilnadu Agricultural University, Coimbatore. 

Preparation of C. pepo Seed Extract
The seeds were washed, cleaned to remove any debris 
followed by dehulling and shade drying for a week. 
Approximately 100 g of dried C. pepo seeds were coarsely 
powdered using mortar and pestle. Total of 50 gm of 
powder was subjected to extraction in 300 mL distilled 
water and kept in an incubator for 48 hours at 37°C. The 
slurry was intermittently stirred for 2 hours and kept 
overnight. The mixture was collected and filtered and 
the filtrate was dried in room temperature. Residue was 
collected and suspended in water at a fixed dose and used 
for experiments.

Phytochemical Screening of the Extract
Phytochemical screening of the extracts was carried out 
according to the methods of Trease[16] and Evans (1989) 
to discover the presence or absence of phytoconstituents 
such as carbohydrates, protein, f lavonoids, alkaloids, 
tannins, steroids, terpenoids, saponins and quinones. 

Dose Selection of the C. pepo Seed Extract
The dosage of C. pepo seed extract was fixed based on the 
literature available. Acute toxicity study conducted by 
Malgwi[17] et al., 2014 stated that aqueous C. pepo L. seed 
extract was safe up to 5000 mg/kg body weight. Hence 
the dosages 100 and 1000 mg/kg were selected for the 
current study.

Chemicals
Lead acetate trihydrate was obtained from Oxford Lab. 
Co., India. Lead acetate was dissolved in distilled water 
at concentration of 30 mg/kg body weight of 1% solution.

Animal Procurement 
30 adult male wistar rats with mean weight of 120 ± 35g 
were procured from Biogen Animal Facility, Bangalore 
(971/PO/RcBiBt/S/06/CPCSEA).The animals were kept 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/unsaturated-fatty-acid
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for one week acclimatization in the experimental room 
having the temperature 28 ± 2°C, tolerable humidity 
conditions with 12:12 light and dark photoperiod. Animals 
were housed in clean cages bedded with sterile paddy 
husk. They had access to standard rat pellet diet and 
water ad libitum.[18] The procedures were carried out after 
receiving approval from the Institutional Animal Ethical 
Committee of the Avinashilingam Institute for Home 
Science and Higher Education for Women, Coimbatore 
(Ethical Approval No: AIW:IAEC.2020:FSN:02). 

Experimental Design
After one week of acclimatization period, 30 male wistar 
rats were randomly allocated into 5 groups containing 6 
rats each.
Group 1: Control (Normal saline)
Group 2: Lead acetate (LA) -30 mg/kg 
Group 3: Pepo seed extract high dosage (PSE HD) -1000 
mg/kg 
Group 4: LA + Pepo seed extract low dosage (LA+PSE LD) 
-100 mg/kg
Group 5: LA + PSE HD -1000 mg/kg
Rats were treated by oral gavage once daily for 45 days 
excluding the acclimatization period. After giving last 
dosage, the animals were sacrificed within 24 hours by 
the mode of decapitation. 

Serum Preparation 
After the treatment period, the rats were anaesthetized 
using light ether anaesthesia in lethal chamber. Blood 
samples were collected from each rat through retro 
orbitral sinus puncture. Sample was allowed to clot at 
37°C and centrifuged at 3000 rpm for 15 minutes. The 
serum (supernatant) was collected and stored at −20°C 
for antioxidant analyses.[19] The serum concentration of 
enzymatic antioxidants such as Superoxide dismutases 
(SOD) and glutathione peroxidase (GPx) was measured by 
standard biochemical methods. 

Preparation of the Tissue Homogenate
The organ associated with reproduction which includes 
testes was excised out and cleaned thoroughly in phosphate 
buffer. Specimens from testis were homogenized in 1.17% 
potassium chloride (KCl) included ice cold phosphate 
buffer with molarity 0.1 and pH 7.4 was used in the 
preparation of 10% homogenate solution of each tissue 
sample. For estimating the lipid peroxidation levels, a 
part of this homogenate was used and the remaining 
solution was centrifuged at 10000 rpm for 10 minutes at 
a temperature of 4°C.[19] The supernatant was utilized for 
carrying out the antioxidant enzymatic assays consisting 
of SOD, catalase (CAT), GPx and lipid peroxidation (MDA) 
assays. 

Determination of (SOD)
Testis homogenate (0.5 mL) was diluted with equal 
deionized water. 0.25 mL ethanol and 0.15 mL of chilled 

chloroform were added followed by shaking this mixture 
for 1-minute and centrifuging at 2000 rpm. The SOD 
enzyme in the supernatant was estimated. 1.5 mL of 
buffer was added to 0.5 mL of the supernatant. The 
reaction was initiated by adding 0.4 mL epinephrine and 
change in optical density per minute was detected at 480 
nm using a double beam UV-vis spectrophotometer (UV 
1700, Szhimadzhu). SOD activity was expressed as U/mg. 
Change in optical density per minute at 50% inhibition to 
adrenochrome transition by the enzyme was considered 
as one enzyme unit.[20]

Determination of CAT
To testis homogenate (0.1 mL), 1.0 mL of phosphate buffer 
and hydrogen peroxide were added. The reaction was 
arrested by adding 0.2 mL dichromate acetic acid reagent. 
Standard hydrogen peroxide between the ranges of 4 to 
20 µL was treated in similar way. The tubes were kept 
in a boiling water bath for 10 minutes. The developed 
green colour was read at 570 nm in a double beam UV-vis 
spectrophotometer. Catalase activity was expressed as 
U/mg.[21]

Determination of GPx
The glutathione peroxidase activity was calculated 
according to the method given by Rotruck[22] et al., 1973. 
EDTA (0.2 mL each), sodium azide, reduced glutathione, 
H2O2; 0.4 mL of buffer and 0.1 mL of enzyme (testis 
homogenate) were mixed and incubated at 37°C for 
10 minutes. The reaction was arrested by adding 0.5 
mL of TCA and the tubes were centrifuged. To 0.5 mL of 
supernatant, 3 mL of sodium hydrogen phosphate and 
1-mL of DTNB were added and the developed color was 
read at 412 nm immediately in a double beam UV-vis 
spectrophotometer. Peroxidase activity in serum was 
expressed as µg/mg.

Determination of Lipid Peroxidation
In 1 mL of testis homogenate was mixed with 0.2 mL 4% 
(w/v) sodium dodecyl sulfate, 1.5 mL 20% acetic acid 
in 0.27 M hydrochloric acid (pH 3.5) and 15 mL of 0.8% 
thiobarbituric acid (TBA, pH 7.4). The mixture was kept 
in a hot water bath at 85°C for 1-hour. The developed pink 
colour was read against a reagent blank at 532 nm following 
centrifugation at 1200 g for 10 minutes. The concentration 
was expressed as n moles of malondialdehyde (MDA) per 
mg of protein using 1,1,3,3,-tetra-ethoxypropane as the 
standard.[23]

Statistical Analysis
Statistical analysis was carried out using one-way Analysis 
of Variance (ANOVA) followed by Dunnett’s test for 
comparison between groups. p-values of <0.05, <0.01 and 
<0.001 were considered to be significant, very significant, 
and highly significant, respectively.
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Results 
Table 1 illustrates the preliminary phytochemical 
screening of C. pepo L. seeds aqueous extract which 
revealed appreciable levels of alkaloids and tannins, 
moderate levels of carbohydrates and steroids and 
remaining compounds in trace levels.

Fig 1 and 2 show the effect of C. pepo seeds on serum 
concentration of SOD and GPx respectively. The LA group 
caused a significant (p<0.001) drop in SOD and GPx levels 
in comparison with the control group whereas LA+ PSE 
LD group had a slight improvement when compared to LA 
group. From the graphical representation, it is clear that 
co-administration of C. pepo seed extract at high dose with 
lead acetate (LA+PSE HD) had a considerable significant 
improvement in SOD and GPx in comparison with LA and 
LA+ PSE LD group. Surprisingly, PSE HD group was found 
to have both SOD and GPx levels almost comparable to 
that of control. PSE HD group was found to have a highly 
significant improvement when compared to other treated 
groups indicating potent antioxidant capacity. 

Table 2 reveals the effect of C. pepo seeds extract 
on testis concentration of SOD, CAT, GPx and MDA in 
experimental rats. LA group was found to have a highly 
significant decrease in SOD (0.525 ± 0.0086 to 0.4 ± 0.0115 
U/mg protein), catalase (28.52 ± 0.987 to 19.30 ± 0.216 
µmole/mg protein), considerably significant (p<0.01) 
decrease in GPx (4.605 ± 0.164 to 3.505 ± 0.1588 µg/
mg protein) and a highly significant (p<0.001) increase 
in lipid peroxidation marked by high MDA level (13.35 ± 
0.214 to 20.18 ± 0.736) when compared to control group. 
Even though LA+ PSE LD group exhibited a considerable 
significant decrease in SOD, CAT and GPx when compared 
to control, there was a slight improvement even at low 
dosage in comparison with LA group. Also, LA + PSE LD 
exhibited a significant decrease in MDA compared to LA 
group. Compared to other lead acetate treated groups, 
LA+ PSE HD showed highly significant improvement in 
SOD, CAT and GPx and also exhibited a highly significant 
decrease in MDA. In conclusion, treatment with C. pepo 
seed extract at 1000 mg/kg body weight (high dose) but 
not at 100mg/kg dose (low dose) markedly improved the 

antioxidant status and also reduced testis MDA which was 
significantly different from the lead acetate group (LA). 
Interestingly, PSE HD disclosed a notable enhancement 
in SOD than control itself and a highly significant 
improvement in CAT and GPx when compared to other 
treated groups. In addition, PSE HD group was found to 
have a remarkable reduction in lipid peroxidation marked 
by decreased MDA level compared to other treated groups. 

Discussions 
Many studies have reported that the type of solvent used 
has a key role in determining the activity of the extract.[24] 

This is due to the disparity in the relative solubility of 
different phytochemicals in the solvents with different 
polarities. The systemic phytochemical analysis of 
plant extracts is a significant strategy to discover the 
new phytocompounds of therapeutic value.[25] The 
preliminary phytochemical screening of the aqueous 
extract of C. pepo seeds was carried out. Phytochemical 
analysis revealed that (Table 1) the C. pepo seeds had 
appreciable levels of alkaloids and tannins and moderate 
levels of carbohydrates and steroids whereas the other 
phytocompounds were present in trace amounts. The 
result of the current investigation was in accordance with 
the findings of Malgwi[17] et al., (2014) and Rawat[26] and 
Garg (2021) who reported that the above phytochemicals 
were present in aqueous extract of the C. pepo seeds. 

Lead acetate may induce oxidative stress characterized 
by excessive free radical generation which leads to 
modification in enzymatic antioxidant system and 
disruption of membrane structure.[27] Signif icant 
antioxidant enzymes together form a mutually beneficial 
defence system against free radicals . Therefore, 

Table 1: Phytochemical screening of C. pepo seed aqueous extract

Sl. no Phytochemicals Inference

1 Carbohydrates ++

2 Protein +

3 Flavonoids +

4 Alkaloids +++

5 Tannins +++

6 Steroids ++

7 Terpenoids +

8 Saponins +

9 Quinones +

Fig. 1: Serum Concentration of SOD

Fig. 2: Serum Concentration of Glutathione Peroxidase (GPx)
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oxidative stress has been assessed using these enzymatic 
antioxidants activities.[28-30] In the study undertaken, 
protective role of C. pepo seed extract on the lead induced 
effects in the serum and testicular oxidative status has 
been investigated through in-vivo method. The biochemical 
pathways underlying the lead toxicity were investigated by 
monitoring the levels of MDA and the activity of primary 
antioxidant enzymes such SOD, CAT, and GPx.

Determination of serum levels of SOD and GPx 
indicated that lead acetate treated group had a highly 
significant reduction in both the enzymatic antioxidants 
when compared to that of control. This finding is in 
agreement with the results of El‐Sherbini[31] et al., 2017 
who reported that the lead acetate-induced depletion of 
antioxidants is confirmed by the observed decrease in 
serum total antioxidants and circulating antioxidants. 
Lead acetate with seed extract at low dosage was found 
to have a considerable increase in SOD and GPx compared 
to lead acetate treated group whereas lead acetate with 
seed extract at high dosage had a highly significant 
improvement. C. pepo seed extract at high dosage when 
treated alone indicated SOD level almost same as control. 
This group also indicated a highly significant increase 
in SOD and GPx levels in comparison with other treated 
groups. The antioxidant activity exhibited by C. pepo seed 
extract in the reversal effect on the lead induced damage 
couldn’t be overlooked. Hence, it can be deduced that C. 
pepo seed can exert potent antioxidant activity at higher 
doses and can reverse the lead induced oxidative damage. 

Testis concentrations of SOD, CAT, GPx and MDA were 
estimated. The results revealed that lead acetate treated 
alone had a highly significant decrease in SOD, catalase and 
GPx and a highly significant increase in lipid peroxidation 
marked by high MDA level when compared to control 
group. A similar result was reported by Rania[32] and 
Heba, 2014 whose findings confirmed that SOD and CAT 
activities were significantly reduced (p< 0.001) in lead 
acetate treated rats. Rats exposed to lead experienced a 
substantial decrease in all antioxidant enzymes, including 
SOD and CAT, in the mitochondrial and post-mitochondrial 
fraction of the testis.[33] In the testes of lead-exposed rats, 
SOD and CAT activity levels were found to be significantly 
decreased.[34] Even though lead acetate with seed extract 
at low dosage had a highly significant reduction in the 

testis SOD, CAT and GPx when compared to that of control, 
MDA was significantly lower than that of lead acetate 
treated group. Co-administration of C. pepo seed extract 
and lead acetate led to an increase in the level of SOD, 
CAT and GPx when compared to its level in rats treated 
only with lead acetate. The rats treated with C. pepo seed 
extract high dosage alone had a remarkable increase in all 
the antioxidant enzyme concentrations when compared to 
other treated groups.

The present investigation revealed that MDA levels 
in the testis of the rats treated with lead acetate were 
substantially higher than the control group. This indicates 
that lipid peroxidation increased oxidative stress in 
the lead acetate-treated rats. It is understood that two 
processes, including enhanced ROS production and direct 
depletion of antioxidant reserves, might result in lead 
acetate-induced oxidative stress and tissue damage.[35] 
Lead exposure may generate intense lipid peroxidation 
that may disrupt the mitochondrial and cytoplasmic 
membranes, leading to more severe oxidative damage in 
the tissues and, as a result, releasing lipid hydroperoxides 
into circulation that represent the induction of oxidative 
stress.[30] At least in part, lead-induced testicular injury 
has been linked to toxicant-induced oxidative stress. 
A prolonged lead exposure results in increased lipid 
peroxidation and inhibited SOD function, and leads 
to testicular oxidative damage.[36, 37] In two distinct 
ways, lead acetate toxicity causes free radical damage, 
including the direct depletion of antioxidant reserves and 
the production of hydroperoxides, singlet oxygen, and 
hydrogen peroxides, which are measured by MDA levels 
as the end products of lipid peroxidation.[38] Rats treated 
with C. pepo seed extract at a dose of 1000 mg/kg body 
weight did not experience a rise in MDA when exposed to 
lead acetate. This indicates that the antioxidant activity 
of C. pepo seeds could minimalize the toxicity induced by 
lead acetate. Inhibiting lipid peroxidation as indicated by 
MDA levels, the antioxidant protection mechanism reduces 
oxidative stress and scavenges the free radical responsible 
for the testis injury. The significantly lower levels of MDA 
found in the tissues of the groups treated with C. pepo 
seed extract demonstrate that lipid peroxidation has been 
attenuated in comparison with the lead acetate group. 
It was confirmed that, C. pepo seeds work as a potent 

Table 2: Enzymatic Antioxidant Concentration in Testis

Parameter Control Only LA Only PSE H.D LA+ PSE L.D LA+ PSE H.D

SOD (unit/min/mg
protein)

0.525 ± 0.0086 0.400 ± 0.0115*** 0.545 ± 0.0086ns 0.45 ± 0.0058** 0.515 ± 0.0144ns

CAT (µmole of H2O2 consumed/ 
Min/mg protein)

28.52 ± 0.987 19.30 ± 0.216*** 23.92 ± 0.56** 19.85 ± 0.548*** 21.11 ± 0.456***

GPx (µg/mg protein) 4.605 ± 0.164 3.505 ± 0.1588** 4.35 ± 0.133ns 3.59 ± 0.173** 4.27 ± 0.167ns

LPO (nmol of MDA/mg protein) 13.35 ± 0.214 20.18 ± 0.736*** 12.52 ± 0.424ns 18.62 ± 0.416*** 13.17 ± 0.225ns

Statistical comparison: (***P<0.001, **P<0.01, *P<0.05) Control group was compared with standard group-2. Treated groups 3, 4 and 5 were 
compared with group 1. 
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antioxidant and free radical scavenger to lower the MDA 
level perturbed by lead acetate. 

A similar finding has shown that, in rats with lead 
acetate-induced testis injury, vitamin C and E improved the 
antioxidant status and reduced lipid peroxidation. These 
results suggest that the antioxidant activities of vitamin C 
and E are primarily focused on the lipid component of cells. 
In numerous biological systems, antioxidants like vitamins 
C and E have been shown to prevent the production of free 
radicals and to reduce lipid peroxidation.[39, 40]

Compared to untreated control rats, we noticed an 
increase in oxidative stress in lead administered rats 
evidenced by the markedly decreased antioxidant enzymes 
levels in both the serum and testis tissue. The oxidative 
injury besides any defects in the components of the free 
radical antioxidant enzyme defense system may serve as an 
upstream pathway of amplified oxidative stress,[41] leading 
to high inclination of lipid to peroxidation. An antioxidant 
works by delaying and hindering the process of oxidation 
by free radicals. Increased levels of antioxidant enzymes 
clearly forecasted the antioxidant potential of C. pepo seed. 
As the first line of defence against reactive oxygen species 
(ROS), SOD is a crucial endogenous antioxidant enzyme 
that converts superoxide radicals to H2O2 and protects 
against the harmful effects of radicals.[42] Hydroxyl 
radicals are created as a result of this interaction, which 
can also be harmful. These enzymes work as antioxidants 
by virtue of scavenging these hydroxyl radicals.[43] C. 
pepo seed extract at these doses (100 and 1000 mg/
kg) brought about dose dependent changes on these 
antioxidant parameters. Co-administration of C. pepo at 
high dosage (1000 mg/kg) along with lead acetate resulted 
in the significant reversal of the effect of the lead acetate. 
The activities of antioxidant enzymes under study were 
restored to their normal level by C. pepo administration 
to lead acetate treated rats. This investigation reveals a 
ROS scavenging activity of C. pepo seeds. 

The observed ameliorative effect could be owing to 
the numerous phytochemicals in the C. pepo seed extract 
as they are reported to possess certain antioxidant 
activity. Among these, flavonoids have frequently been 
linked to the ability of any plant extract to act as an 
antioxidant. According to the theory put forth by Ye[44] 
et al., 2012, flavonoids have a very strong efficiency to 
expel free radicals from blood and promote the activity of 
antioxidant enzymes including SOD and CAT. These actions 
of flavonoids are also dose-dependent. This background 
explains why there was an increase in the serum levels of 
antioxidant enzymes in our study. Apart from these, C. pepo 
seeds have been shown to contain substances including 
polyphenols, anthocyanins, tannins, saponins,  alkaloids, 
glycosides, steroids, iron, and vitamins A, C, and E, all 
of which have been linked to their antioxidant capacity 
by numerous researchers. The potential antioxidant 
properties of tannins were previously suggested by 
Tsumbu[45] et al., 2011. Ghani,[46] 1990 proposed that 

alkaloids and glycosides have antioxidant properties. 
Therefore, the presence of these antioxidant chemical 
components, which are known to lower oxidative stress 
by a variety of mechanisms, can be used to explain the 
antioxidant activity of C. pepo seed extract.

The study could infer that lead acetate treatment 
could significantly decrease the antioxidant enzymes 
and aug ment l ipid peroxidat ion. The enzy mat ic 
antioxidant inhibition amplifies free radicals in testicular 
tissues and thereby affects male reproductive ability. 
Co-administration of C. pepo seeds with lead acetate 
exhibited defensive effects against lead toxicity induced 
oxidative stress. The enzymatic antioxidants were notably 
improved and lipid peroxidation was decreased after C. 
pepo seed extract administration. These activities could 
be attributed to the numerous phytoconstituents of C. 
pepo seeds as found in this study as well as previously 
reported by other researchers. The current research 
could pave a way to prove scientifically that C. pepo seeds 
can enhance enzymatic antioxidants; thereby counteract 
the deleterious effects of oxidative stress. Hence this 
study strongly recommends C. pepo seeds as a potent 
natural antioxidant source promising active protection 
against lead toxicity induced oxidative stress which 
could be pharmacologically explored for drug synthesis. 
Further researches are required to decode the probable 
mechanism through which C. pepo seeds exert their 
antioxidant potential. 
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ABSTRACT 

The quest to discover the functional and health benefits of the underutilized seeds has exponentially 
increased in recent times. Although extensive research has been done on the fruits of Cucurbita pepo L., 
there is a dearth of data available on the nutritional, phytochemical and antioxidant profile of their seeds. 
Hence the current study was carried out with these objectives.  The study revealed that C. pepo seeds have 
high calorific value, high protein and fat content proving it to be a rich source of energy. On the contrary, the 
carbohydrate content of the sample was not on par with its calorific value. The sample presented a low 
moisture content indicating the storage advantage of the seeds. There was an intriguing and notable mineral 
content whereas vitamins were found to be present in a fair amount. Quantitative phytochemical analyses 
were performed for quantifying the total phenolics, total flavonoids and total alkaloid contents in the sample 
which were found to be 32.7 ± 0.89 mg/100g GAE, 16.8 ± 0.63 mg/100g QE and 8.3± 1.12 mg/100g AE 
respectively. The current study is probably the first to have reported the total alkaloid content of C. pepo seed 
aqueous extract. The sample was found to be effective in inhibiting DPPH radicals almost comparable to that 
of reference standard, ascorbic acid. The presence of an assortment of potent secondary metabolites either 
alone or in combination, may be accountable for the observed antioxidant activity.  

Keywords: Antioxidant profile, Cucurbita pepo L., Nutritional profile, Phytochemicals, Secondary 
metabolites 

 

INTRODUCTION 

Vegetable seeds are handy foods and most of them are edible. Protein, fiber, vitamins, 
minerals and phytochemicals contained in seeds are considered to be nutraceutical chemicals. They 
endorse general wellbeing and also boost immunity (Adeola and Anofi, 2021). Antioxidant 
supplements are the effective approaches to fight against the detrimental effects of reactive oxygen 
species (ROS) induced oxidative stress (Kasote et al., 2015). A diet enriched with plant foods will 
confer a milieu of phytochemicals which are non-nutritive compounds that possess health 
promoting properties. Vegetables are high in phenolic compounds, terpenoids, pigments, and other 
natural antioxidants that have been linked to disease prevention and therapy (Bloch and Thomson, 
1995).  
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Pumpkin (Cucurbita pepo) is one of the widely cultivated and popular vegetable crops of 
high economical value. It is an annual plant bearing round shaped, deep yellow to orange coloured 
fruits with smooth, slightly ridged skin. The thick shell encloses the pulp and flat and dark green 
coloured seeds (Schieber et al., 2001). Its edible seeds are generally regarded as agro-waste and 
habitually discarded. The functional health benefits of Cucurbita pepo seeds need to be well 
explored in order to advocate their adequate consumption by the population and for the formulation 
of novel drugs for therapeutic purposes (Ayyildiz et al., 2019).  

 

OBJECTIVES 

 Determine the nutritional profile of Cucurbita pepo L. seeds 

 Quantitatively estimate the phytochemical content in Cucurbita pepo L. seeds 
 Analyze the antioxidant profile of Cucurbita pepo L. seeds in vitro 

METHODOLOGY 

Sample Collection and Preparation  

Cucurbita pepo L. seeds were collected directly from the farmers at Tudiyalur, a locality in 
Coimbatore. The seeds were identified and authenticated (voucher specimen number 
BSI/SRC/5/23/2021/Tech/282) at Botanical Survey of India, Southern Regional Centre, Tamilnadu 
Agricultural University, Coimbatore.  

Determination of Nutritional Composition 

The seeds were washed and cleaned to remove any debris, dehulled and shade dried before 
powdering.  Seeds were weighed and milled into fine flour and sieved. The C. pepo seeds were 
analyzed for its proximate composition and vitamins and mineral contents using standards 
procedures of Association of Official Analytical Chemists (AOAC, 2005) with slight 
modifications. The carbohydrate content was calculated by the following expression: 

Carbohydrate content (%) = 100 - (moisture + fat + protein + ash + fiber) % 
The energy value of the sample was calculated as (protein × 4) + (carbohydrate × 4) + (fat × 9) in 
kilo calories (kcal). 

Quantitative Determination of Phytochemicals 

10g seed powder was measured and dissolved in 100 ml deionized water and kept in a 
mechanical shaker overnight at 50ºC for 75-100 rpm. The solution was filtered using Whatman 
filter paper and the extract was collected and refrigerated until analyses.  

a. Total Phenolics 

3 mg of Gallic acid was dissolved in 3 ml of distilled water. Dilutions of this solution with 

Stock solutions of sample were prepared by dissolving 10 mg of seed extract in 10 ml of distilled 

flask, to which 10 ml of water and 1.5 ml of Folin-Ciocalteau reagent were added. The mixture was 
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then kept for 5 min and to it 4ml of 20% w/v sodium carbonate solution was added. The volume 
was made up to 25 ml with distilled water. The mixture was kept for 30 minutes until blue colour 
developed and then observed at 765 nm. The standard curve of gallic acid was plotted between 
absorbance versus concentrations, and the unknown sample concentration was calculated in terms 
of mg GAE/100g (Bhalodia et al., 2011).  

b. Total Flavonoids 

10 mg of quercetin was dissolved in methanol and then diluted to 25, 50, 80, and 100 
A calibration curve was made by measuring the absorbance of the dilutions at 415 nm with 

a  Shimadzu UV - 1800 spectrophotometer.  0.5ml of each extract stock solution, 1.5  ml  
methanol,  0.1  ml  aluminium  chloride,  0.1  ml  potassium  acetate  solution  and  2.8  ml  
distilled  water  were  added  and  mixed  well.  Sample blank was prepared in similar way by 
replacing aluminium chloride with distilled water. Sample and sample blank of extracts were 
prepared and their absorbance was measured at 415 nm. A linear calibration curve of quercetin was 
used to calculate the concentration of flavonoid content and expressed as milligrams of quercetin 
equivalent (mg QE/100 g) (Pallab et al., 2013). 

c. Total alkaloids 

Atropine standard solution was prepared by dissolving 1 mg of pure Atropine (AR-grade 
procured from Sigma Company) in 10 ml distilled water. Aliquots of Atropine standard solution 
(0.4, 0.6, 0.8, 1 and 1.2 ml) were accurately measured and transferred to different separatory 
funnels. 5 ml of phosphate buffer (pH 4.7) and 5 ml of Bromocresol Green (BCG) solution were 
taken and the mixture was shaken with extract with 1, 2, 3, and 4 ml of chloroform. The extracts 
were then collected into a 10 ml volumetric flask and diluted to adjust the solution with 
chloroform. The absorbance of the complex in chloroform was measured using UV-
Spectrophotometer (470 nm) against the blank prepared as above but without Atropine (Ajanal et 
al., 2012). 

Antioxidant Activity  

DPPH scavenging assay 

The DPPH solution was prepared in ethanol (control) and subsequently added to various 
concentrations of the sample extract (10, 20, 40, 60, 80 and 100 µg/ml). Ascorbic acid was taken as 
standard. Absorbance variations were read at 517 nm wavelength using a spectrophotometer. The 
percentage scavenging activities were plotted against varied concentrations of sample extract and 
represented in µg/ml to create the linear regression curve (Sadiq et al., 2015). Percentage inhibition 
was estimated by using the equation as follows.   

 Percentage inhibition = (AC-AS)/AC×100 
  Where, AC is the absorbance of control and AS is the absorbance of sample  
The IC50 values were calculated using linear regression analysis and used to indicate scavenging 
activity of the sample extract. 

Statistical Analysis 
Data were analyzed using Microsoft EXCEL and IBM SPSS software version 21.0 and 

expressed as mean ± standard deviation (SD) of triplicate readings. 
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RESULTS AND DISCUSSION 

The health benefits of Cucurbita pepo (Pumpkin) seeds are represented in Fig. 1. 
  

 

Fig.1: Health Benefits of Cucurbita pepo L. Seeds 

Proximate Composition of Cucurbita pepo L. Seeds 
In this study, the proximate composition of the Cucurbita pepo L. seeds was assessed and 

used as a criterion in determining the nutritional quality of the seeds. The proximate composition 
determined is furnished as a pie chart (Fig. 2) for a better understanding. 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Proximate composition of Cucurbita pepo L. seeds 

 

The present study revealed that the C. Pepo seeds have moisture content which is lower 
than that of the vegetable seed like amaranth seeds (10.6± 0.2) and pomegranate seeds (Punica 
granatum) (6.84 ± 0.03) as reported by Zhana et al., (2019) and Abiola et al., (2018) respectively. 
The low moisture content indicated the storage benefit of the C. pepo seeds. The ash content of the 
seed was found to be closer to the ash content of chia seeds (4.45%) (Kibui et al., 2019).  The ash 
content is a reflection of the quantity of minerals present in a food material (Gemede et al., 2016).  
The C. pepo seeds were found to be of high calorific value (559.4 kcal/100 gram). Lipids are 
essential for our body to sustain as they provide maximum energy, provide fat soluble vitamins and 
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act as insulation. The lipid content of the sample indicated how pumpkin seeds could be regarded 
as oilseeds like sunflower, soybean, mustard etc. The lipid content was closer to the value reported 
by Badu et al., (2020). Chigwe and Saka (1991) indicated that pumpkins supply calcium, iron, 
vitamin A, fat (25  55%), and protein (25  35%). This is in accordance with the studies 
conducted by Achu et al., (2005) and Loukou et al., (2007) which revealed similar results on the 
analysis of C. pepo seeds. For example, their studies revealed oil and protein content within the 
ranges of 28  40.49% and 61 to 73.59% respectively, while this study revealed 43.8±0.098 and 
29.8±0.103. Furthermore, the nutritional value of the C. pepo seed is species dependent and is also 
influenced by climate and geographic difference.  

 
Most bodily tissues rely on dietary protein for their natural production and upkeep. The 

protein content of the seed showed that C. pepo seeds are a good source of protein. The available 
carbohydrate content of the seed was found to be poor and was not in agreement with the findings 
of Ghaffar et al., (2018) may be due to the difference in geographic location. These results 
conclusively confirmed the dependency of nutritional content of these seeds to regional climates. It 
was inferred that major contributors to calorific value of C. pepo seeds are fat and protein contents 
in comparison to carbohydrate. The fiber content of the seeds proved the C. pepo seeds are a good 
source of dietary fiber. Hence C. pepo seeds could be recommended for relieving constipation, 
protection from certain cancers in addition to lowering blood cholesterol level.  
 
Vitamin and Mineral Content of Cucurbita pepo L. Seeds 

Sample was screened for quantifying vitamin A and vitamin C contents. Further ash 
content was analyzed for quantifying certain macro and micro minerals (as shown in Table 1) 
present in the sample. 

Table 1. Vitamins and minerals content of Cucurbita pepo L. seeds/100 gram 

SL. No. Element Concentration 

1. Vitamin A (mcg) 92.4 ±0.23 

2. Vitamin C (mg) 2.6 ±0.05 

3. Calcium (mg) 48 ±1.19 

4. Iron (mg) 7.5 ±0.07 

5. Phosphorous (mg) 900±0.60 

6. Potassium (mg) 450 ± 0.12 

7. Magnesium (mg) 520 ±0.02 

8. Zinc (mg) 8.2± 0.10 

9. Sodium (mg) 24.2±0.05 

10. Copper (mg) 1.67±0.90 

Note: The data are mean value ± standard deviation of triplicate results 

 

Potassium and phosphorous content were found to be abundant in the sample. Potassium is 
required for fluid balance, nerve transmission, iron absorption and to control hypertension whereas 
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phosphorous maintains acid-base balance and is essential for healthy bones and teeth. Thus, C. 
pepo seeds could be regarded as a rich source of potassium and phosphorous. 

The sample presented a fairly high value for Zinc. Zinc is a part of many enzymes and is 
needed for genetic makeup, wound healing, growth and development and sexual maturation 
(Supasai et al., 2017).  Dietary intake of iron is crucial for binding and transport of oxygen 
(Abbaspour et al., 2014). The sample was found to have a fair amount of iron present in it. C. pepo 
seeds had approximately 5 mg of magnesium for every 100 g of sample which imply that it is an 
excellent source. Magnesium is a constituent of bone and teeth and is directly associated with 
calcium and phosphorus absorption (Glasdam et al., 2016). 

 The concentration of sodium in the sample was found to be good as sodium is required to 
regulate blood pressure and blood volume and fluid balance. Study indicated that C. pepo seeds are 
a good source of calcium. Calcium ions are necessary for the normal functioning of nerves and 
muscles (Payne, et al., 1990). Copper acts as antioxidant and help in the prevention of free radical 
damage in living organisms (Blockhuys and Wittung-Stafshede, 2017). This study revealed that the 
sample under study is a good source of copper. Vitamin A in the present sample was found to be 
92.4 mcg. Vitamin A is of high significance since it has a key role in vision, immunity and 
reproduction. Vitamin C content was found to be 2.6±0.05 mg/100 gram. Vitamin C or ascorbic 
acid is an indispensable factor required for growth and development, immunity, wound healing and 
iron absorption.  

 
Quantitative Determination of Phytochemicals in Cucurbita pepo L. seeds 

Qualitative phytochemical analysis of the aqueous extract revealed that C. pepo seeds had 
appreciable levels of alkaloids and tannins, moderate levels of carbohydrates and steroids and other 
compounds such as protein, flavonoids, saponins, terpenoids, quinones in trace levels (Nair and 
Raajeswari, 2023). Hence quantitative analyses were performed and the concentrations of total 
phenols, flavonoids and alkaloids of C. pepo seed extract are as furnished as in Table 2.  

 

Table 2. Quantitative analyses of phytochemicals in Cucurbita pepo L. seeds 
SL. No Phytochemicals Concentration Regression coefficient (R2) 

1. Total Phenolics 
(mg/100g GAE) 

32.7± 0.89 0.964 

2. Total Flavonoids 
(mg/100g QE) 

16.8 ± 0.63 0.976 

3. Total Alkaloids  
(mg/100 AE) 

8.3 ±1.12 0.958 

Note: GAE-Gallic Acid Equivalent, QE-Quercetin Equivalent, AE-Atropine Equivalent 
The result revealed that the C. pepo seeds had a high concentration of total phenols (32.7± 

0.89 mg/100g GAE) in it. Xanthopoulou et al., (2009) reported that pumpkin seed water extract 
was the richest in phenolic constituents (85 92% of total extractable phenolics) in comparison with 
other extracts. Sahin et al., (2014) revealed that the water extract of Prunella grandiflora has the 
highest total phenolic content (24.63 ± 0.55 mg GAE/g extract) when compared to alcoholic 
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extracts. The high concentration of phenolics in the extract could be attributed to the presence of 
proteins and other water-soluble compounds containing phenolic rings.  

Flavonoids are considered as the most imperative natural phenols. They have a wide 
spectrum of biological and chemical activities including radical scavenging properties. Total 
flavonoid content results revealed lower values than those obtained for the analysis of phenols. 
This is within expected, being that flavonoids are nothing but a subgroup of the phenolic 
compounds. Alkaloids are naturally occurring chemical compounds having a significant impact on 
plant medicine because of their vast application (Shamsa et al., 2008). The sample was found to 
have a high alkaloid content of 8.3 ±1.12 mg/100 AE. The current study is probably the first to 
have reported the total alkaloid content of C. pepo aqueous extract. 

Quantitative phytochemical analysis of aqueous extract of C. pepo seeds exhibited that it 
has remarkable amount of total phenolics, flavonoids, and alkaloids. Polyphenols and flavonoids 
isolated from the plants are generally considered as potent antioxidants because of their ability to 
absorb and neutralize free radicals as well as quench reactive oxygen species. Therefore, C. pepo 
seeds could be recommended as excellent natural source of antioxidant agents. 

Antioxidant activity of Cucurbita pepo L. seeds 

DPPH scavenging activity 

DPPH free radical scavenging activity is defined as the amount of antioxidant necessary to 
decrease the initial DPPH radical concentration by 50% (IC50). The highest antioxidant capacity is 
indicated by the lowest IC50 values (Stank et al., 2010). Fig. 3 indicates the increase of radical 
scavenging activity of extract which was deduced from the increase of percent inhibition as the 
extract concentration increases. 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3: DPPH scavenging activity of Cucurbita pepo L. Seed Extract 

In the present study, the half-maximal inhibitory concentration (IC50) of the C. pepo seed 

The C. pepo seed extract exhibited a high antioxidant activity with a lower IC50 value. From the 
investigation, it was evident that the C. pepo seed extract had a considerable DPPH radical 
scavenging activity almost similar to that of the standard. The inhibition of DPPH radical 
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scavenging by the sample extract was found to be strictly proportional to the concentration of total 
phenolics. These results reflected that the aqueous extract had high scavenging activity which 
could be attributed to the presence of various bioactive compounds such as phenolics, flavonoids 
and alkaloids as found in quantitative phytochemical screening. Hence the study strongly implies a 
high correlation between the antioxidant activity and phenolic content of the C. pepo seeds under 
investigation.   

Valenzuela et al., 2014 reported that in all varieties of seed Cucurbita spp studied, the 
highest antiradical activity was detected in the aqueous fractions. A study carried out by Rakass et 
al., (2018) also disclosed that among all extracts, water extract of C. pepo exhibited the highest 
antioxidant activity followed by ethanol, methanol and acetone extract. Numerous studies have 
proven that antioxidant activity of plant extracts is mainly associated to the total phenolic content 
in the plants. In this study, a strong correlation between total phenolic, total flavonoid and total 
alkaloid contents and radical scavenging activity of C. pepo seed extract were observed.  
 

CONCLUSION 

The present findings strongly recommend the daily intake of Cucurbita pepo L.  seeds in 
the diet for numerous reasons i.e. it is a widely cultivated, cheap and cost-effective vegetable crop 
which is a nutrient dense pack and of high calorific value. Importantly, these results strongly 
suggest that the C. pepo seeds if consumed in sufficient quantities would immensely improve 
human nutritional status. Therefore, this alone can make a significant contribution to family food 
security and nutritional needs, enhancing normal growth and active protection against diseases and 
malnutrition in the most vulnerable members of society. The quantitative analyses of C. pepo seed 
extract indicated the high quantity of bioactive compounds such as total phenolics, total flavonoids 
and total alkaloids. The presence of various bioactive compounds in the C. pepo seeds make it a 
promising source of natural antioxidants which could be therapeutically utilized for the prevention 
and treatment of a diverse range of diseases and disorders.  
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