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Qualitative analysis of proteins 

Aim 

To identify the presence of proteins in a given sample using qualitative tests. 

Principles 

Proteins are large biomolecules made up of amino acids linked by peptide bonds. Qualitative 

tests for proteins are based on the detection of these peptide bonds or specific functional 

groups in amino acids. Common tests include: 

1. Biuret Test: Detects the presence of peptide bonds. 

2. Xanthoproteic Test: Identifies aromatic amino acids. 

3. Ninhydrin Test: Reacts with free amino acids. 

4. Millon's Test: Specific for tyrosine residues. 

Materials 

 Protein sample (e.g., albumin solution) 

 Distilled water 

 Biuret reagent (sodium hydroxide and copper sulfate solution) 

 Concentrated nitric acid 

 Ninhydrin reagent 

 Millon's reagent 

 Test tubes 

 Pipettes 

 Water bath 

 Test tube rack 

 Gloves and safety goggles 

Methodology 

1. Biuret Test: 

o Principle: The Biuret reagent reacts with peptide bonds under alkaline 

conditions to form a violet-colored complex. 

2. Xanthoproteic Test: 

o Principle: Aromatic amino acids react with concentrated nitric acid to form 

yellow nitro derivatives, which turn orange in alkaline medium. 

3. Ninhydrin Test: 

o Principle: Ninhydrin reacts with free amino acids to produce a purple or blue 

color. 

4. Millon's Test: 

o Principle: Millon's reagent reacts with phenolic groups in tyrosine to form a 

red complex. 

Procedure 
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1. Biuret Test: 

o Take 2 ml of protein sample in a test tube. 

o Add 1 ml of Biuret reagent. 

o Mix well and let it stand for 5 minutes. 

o Observe the color change. A violet color indicates the presence of proteins. 

2. Xanthoproteic Test: 

o Take 2 ml of protein sample in a test tube. 

o Add a few drops of concentrated nitric acid. 

o Carefully heat the mixture until it boils. 

o Cool the solution and add a few drops of 40% sodium hydroxide solution. 

o Observe the color change. A yellow color turning to orange indicates the 

presence of aromatic amino acids. 

3. Ninhydrin Test: 

o Take 2 ml of protein sample in a test tube. 

o Add 1 ml of Ninhydrin reagent. 

o Heat the test tube in a boiling water bath for 5 minutes. 

o Observe the color change. A blue or purple color indicates the presence of free 

amino acids. 

4. Millon's Test: 

o Take 2 ml of protein sample in a test tube. 

o Add 1 ml of Millon's reagent. 

o Heat the test tube in a boiling water bath for 5 minutes. 

o Observe the color change. A red precipitate or color indicates the presence of 

tyrosine. 

Results 

1. Biuret Test: 

o Positive result: Violet color indicating the presence of proteins. 

o Negative result: No color change indicating the absence of proteins. 

2. Xanthoproteic Test: 

o Positive result: Yellow color turning to orange indicating the presence of 

aromatic amino acids. 

o Negative result: No color change indicating the absence of aromatic amino 

acids. 

3. Ninhydrin Test: 

o Positive result: Blue or purple color indicating the presence of free amino 

acids. 

o Negative result: No color change indicating the absence of free amino acids. 

4. Millon's Test:Positive result: Red precipitate or color indicating the presence of 

tyrosine. 

5. Negative result: No color change indicating the absence of tyrosine. 
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Quantitative Analysis of Proteins 

Aim 

To quantitatively determine the concentration of proteins in a sample using various analytical 

methods. 

Principles 

Protein quantification is essential in biochemistry to assess the amount of protein in a sample 

for subsequent analysis or applications. Common methods include: 

1. Bradford Assay: Based on the binding of Coomassie Brilliant Blue G-250 dye to 

proteins. 

2. Bicinchoninic Acid (BCA) Assay: Relies on the reduction of Cu^2+ to Cu^1+ by 

proteins in an alkaline medium and the subsequent formation of a purple-colored 

complex with BCA. 

3. Lowry Assay: Combines the Biuret reaction with the Folin-Ciocalteu reagent to 

measure protein concentration. 

4. UV Absorption at 280 nm: Utilizes the natural absorption of proteins at 280 nm due 

to the presence of aromatic amino acids. 

Materials 

1. Protein standard (e.g., Bovine Serum Albumin, BSA) 

2. Unknown protein sample 
3. Reagents: 

o For Bradford Assay: Coomassie Brilliant Blue G-250 dye reagent. 

o For BCA Assay: BCA reagent A and B, CuSO₄ solution. 

o For Lowry Assay: Alkaline copper reagent, Folin-Ciocalteu reagent. 

o For UV Absorption: Phosphate-buffered saline (PBS) or other suitable buffer. 

4. Microplate reader or spectrophotometer 

5. Pipettes and pipette tips 

6. Test tubes or microplate wells 

7. Cuvettes (for UV absorption method) 

8. Vortex mixer 
9. Incubator (for some assays) 

10. Distilled water 

Methodology and Procedure 

Bradford Assay 

1. Preparation of Standards and Samples: 

o Prepare a series of BSA standards (0, 5, 10, 15, 20, 25 µg/mL). 

o Dilute unknown samples appropriately. 

2. Reagent Preparation: 

o Prepare Bradford reagent according to the manufacturer’s instructions. 
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3. Assay Procedure: 

o Add 20 µL of each standard or sample to a microplate well. 

o Add 200 µL of Bradford reagent to each well. 

o Incubate at room temperature for 5-10 minutes. 

o Measure absorbance at 595 nm using a microplate reader. 

4. Calculation: 

o Plot a standard curve of absorbance vs. protein concentration. 

o Determine the concentration of unknown samples from the standard curve. 

BCA Assay 

1. Preparation of Standards and Samples: 

o Prepare BSA standards (0, 25, 50, 75, 100, 125, 150 µg/mL). 

o Dilute unknown samples as necessary. 

2. Reagent Preparation: 

o Mix BCA reagent A with reagent B in a 50:1 ratio. 

3. Assay Procedure: 

o Add 25 µL of standards or samples to a microplate well. 

o Add 200 µL of BCA working reagent to each well. 

o Incubate at 37°C for 30 minutes. 

o Measure absorbance at 562 nm using a microplate reader. 

4. Calculation: 

o Plot a standard curve of absorbance vs. protein concentration. 

o Determine the concentration of unknown samples from the standard curve. 

Lowry Assay 

1. Preparation of Standards and Samples: 

o Prepare BSA standards (0, 5, 10, 20, 40, 80 µg/mL). 

o Dilute unknown samples as necessary. 

2. Reagent Preparation: 

o Prepare alkaline copper reagent and Folin-Ciocalteu reagent. 

3. Assay Procedure: 

o Add 100 µL of standards or samples to a test tube. 

o Add 500 µL of alkaline copper reagent to each tube. 

o Incubate at room temperature for 10 minutes. 

o Add 50 µL of Folin-Ciocalteu reagent to each tube. 

o Incubate at room temperature for 30 minutes. 

o Measure absorbance at 750 nm using a spectrophotometer. 

4. Calculation: 

o Plot a standard curve of absorbance vs. protein concentration. 

o Determine the concentration of unknown samples from the standard curve. 

UV Absorption at 280 nm 

1. Preparation of Standards and Samples: 

o Prepare protein standards in a suitable buffer. 

o Dilute unknown samples in the same buffer. 
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2. Assay Procedure: 

o Measure absorbance at 280 nm using a spectrophotometer. 

o Use buffer as a blank. 

3. Calculation: 

o Use the extinction coefficient of the protein to calculate concentration: 

\text{Concentration (mg/mL)} = \frac{\text{Absorbance at 280 

nm}}{\text{Extinction coefficient (M^-1 cm^-1)}}. 

Results 

1. Bradford Assay: 

o Standard curve: A straight line of absorbance vs. protein concentration. 

o Sample concentration: Determined from the standard curve. 

2. BCA Assay: 

o Standard curve: A straight line of absorbance vs. protein concentration. 

o Sample concentration: Determined from the standard curve. 

3. Lowry Assay: 

o Standard curve: A straight line of absorbance vs. protein concentration. 

o Sample concentration: Determined from the standard curve. 

4. UV Absorption: 

o Direct absorbance reading. 

o Concentration calculated using the extinction coefficient. 
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Qualitative analysis of carbohydrates 

Aim 

The aim of qualitative analysis of carbohydrates is to detect the presence of different types of 

carbohydrates (monosaccharides, disaccharides, and polysaccharides) in a given sample 

through specific biochemical tests. 

Principle 

Carbohydrates can be identified by their ability to undergo characteristic chemical reactions. 

These reactions typically involve the oxidation-reduction of the carbohydrate molecules and 

lead to the formation of colored complexes or precipitates. The specific structure of the 

carbohydrate determines its reactivity in these tests. 

Materials 

 Test samples (e.g., glucose, fructose, sucrose, starch, etc.) 

 Reagents for specific tests (Benedict's reagent, Barfoed's reagent, Seliwanoff's 

reagent, iodine solution, etc.) 

 Distilled water 

 Test tubes 

 Pipettes 

 Water bath 

 Bunsen burner or hot plate 

 Test tube rack 

 Beakers 

Methodology and Procedure 

1. Benedict's Test for Reducing Sugars 
o Principle: Reducing sugars reduce Benedict's reagent (copper(II) sulfate) to 

form a red precipitate of copper(I) oxide. 

o Procedure: 

1. Add 2 mL of Benedict's reagent to 1 mL of the test sample in a test 

tube. 

2. Heat the mixture in a boiling water bath for 2-5 minutes. 

3. Observe the color change. 

o Result: A color change from blue to green, yellow, or brick red indicates the 

presence of reducing sugars. 

2. Barfoed's Test for Monosaccharides 
o Principle: Barfoed's reagent (a mixture of copper acetate in acetic acid) reacts 

with monosaccharides to form a red precipitate. 

o Procedure: 

1. Add 2 mL of Barfoed's reagent to 1 mL of the test sample in a test 

tube. 

2. Heat the mixture in a boiling water bath for 1-2 minutes. 

3. Observe the color change. 
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o Result: Formation of a red precipitate indicates the presence of 

monosaccharides. 

3. Seliwanoff's Test for Ketoses 
o Principle: Ketoses react with Seliwanoff's reagent (resorcinol and 

concentrated hydrochloric acid) to form a red-colored complex. 

o Procedure: 

1. Add 2 mL of Seliwanoff's reagent to 1 mL of the test sample in a test 

tube. 

2. Heat the mixture in a boiling water bath for 1-2 minutes. 

3. Observe the color change. 

o Result: A rapid formation of a red color indicates the presence of ketoses 

(e.g., fructose). 

4. Iodine Test for Starch 
o Principle: Starch forms a blue-black complex with iodine. 

o Procedure: 

1. Add 2-3 drops of iodine solution to 1 mL of the test sample in a test 

tube. 

2. Mix well and observe the color change. 

o Result: A blue-black color indicates the presence of starch. 

Example Results 

Let's consider a sample analysis with the following results: 

1. Sample A (e.g., Glucose solution) 
o Benedict's test: Brick red precipitate (positive for reducing sugar). 

o Barfoed's test: Red precipitate (positive for monosaccharide). 

o Seliwanoff's test: No significant color change (negative for ketose). 

o Iodine test: No color change (negative for starch). 

2. Sample B (e.g., Sucrose solution) 
o Benedict's test: No significant color change (negative for reducing sugar, 

unless hydrolyzed). 

o Barfoed's test: No significant color change (negative for monosaccharide). 

o Seliwanoff's test: No significant color change (negative for ketose). 

o Iodine test: No color change (negative for starch). 

3. Sample C (e.g., Starch solution) 
o Benedict's test: No significant color change (negative for reducing sugar). 

o Barfoed's test: No significant color change (negative for monosaccharide). 

o Seliwanoff's test: No significant color change (negative for ketose). 

o Iodine test: Blue-black color (positive for starch). 
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                                   Quantitative analysis of carbohydrates 

Aim 

The aim of quantitative analysis of carbohydrates is to accurately determine the concentration 

of carbohydrate molecules in a sample. This can help in understanding the nutritional value, 

energy content, and metabolic pathways in which the carbohydrates are involved. 

Principle 

The principle behind quantitative carbohydrate analysis often involves chemical reactions 

that produce a measurable product, such as a color change, which can be quantified using 

spectrophotometry. Common methods include: 

1. Phenol-Sulfuric Acid Method: Carbohydrates react with phenol and sulfuric acid to 

produce a colored complex, which can be measured spectrophotometrically. 

2. Anthrone Method: Carbohydrates react with anthrone reagent in the presence of 

sulfuric acid to produce a blue-green color, which can be measured. 

3. DNS (3,5-dinitrosalicylic acid) Method: Reducing sugars react with DNS to form a 

colored product, which can be measured spectrophotometrically. 

Materials 

 Sample containing carbohydrates (e.g., food extract, plant tissue, etc.) 

 Distilled water 

 Phenol 

 Concentrated sulfuric acid 

 Anthrone reagent 

 DNS reagent 

 Standard glucose solution 

 Test tubes 

 Pipettes 

 Spectrophotometer 

 Vortex mixer 

 Ice bath 

Methodology and Procedure 

Here, we describe the Phenol-Sulfuric Acid Method as an example: 

1. Preparation of Standard Glucose Solution: 

o Prepare a series of standard glucose solutions with known concentrations (e.g., 

0.1 mg/mL to 1 mg/mL) by diluting a stock glucose solution with distilled 

water. 

2. Sample Preparation: 

o Homogenize the sample if it's solid (e.g., food or plant tissue). 

o Extract the carbohydrates by mixing the homogenized sample with distilled 

water and filtering to remove solids. 
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3. Reaction Setup: 

o Pipette 1 mL of the sample extract or standard glucose solution into a test 

tube. 

o Add 1 mL of 5% phenol solution to each test tube. 

o Add 5 mL of concentrated sulfuric acid to each test tube quickly. 

o Mix the contents thoroughly using a vortex mixer. 

o Cool the test tubes in an ice bath to room temperature. 

4. Measurement: 

o Measure the absorbance of each solution at 490 nm using a spectrophotometer. 

o Use distilled water as a blank to calibrate the spectrophotometer. 

5. Calculation: 

o Plot a standard curve using the absorbance values of the standard glucose 

solutions. 

o Determine the concentration of carbohydrates in the sample by comparing its 

absorbance to the standard curve. 

Result 

The result of the experiment will be the concentration of carbohydrates in the sample. This is 

determined by the absorbance of the sample compared to the standard curve plotted from the 

known concentrations of the standard glucose solutions. The concentration is typically 

expressed in mg/mL or another suitable unit depending on the sample type and preparation 

method. 
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                                            Qualitative Analysis of Lipids 

Aim 

The aim of this experiment is to qualitatively analyze the presence and characteristics of 

lipids in a given sample using various biochemical tests. 

Principle 

Lipids are a diverse group of organic compounds that are insoluble in water but soluble in 

non-polar solvents such as chloroform and ether. They include fats, oils, phospholipids, 

steroids, and waxes. The qualitative analysis of lipids involves detecting their presence and 

properties using specific chemical reactions and observing their physical characteristics. 

Materials 

 Sample containing lipids (e.g., vegetable oil, butter, etc.) 

 Chloroform 

 Ether 

 Acetic anhydride 

 Concentrated sulfuric acid (H₂SO₄) 
 Sodium hydroxide (NaOH) 

 Water bath 

 Test tubes 

 Test tube holder 

 Dropper 

 Filter paper 

 Spotting tile 

Methodology and Procedure 

1. Solubility Test 
o Aim: To test the solubility of lipids in various solvents. 

o Procedure: 
 Take a small amount of the lipid sample in a test tube. 

 Add 5 ml of chloroform and shake well. 

 Observe if the lipid dissolves. 

 Repeat the procedure with ether and water. 

o Observation: Lipids are generally soluble in chloroform and ether but 

insoluble in water. 

2. Sudan III Staining Test 
o Aim: To detect the presence of lipids using Sudan III dye, which stains lipids 

red. 

o Procedure: 
 Place a few drops of the lipid sample on a filter paper. 

 Add a few drops of Sudan III stain to the sample. 

 Allow it to stand for a few minutes. 

 Wash the filter paper with water. 
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o Observation: Lipids will stain red, indicating their presence. 

3. Saponification Test 
o Aim: To test for the presence of fats and oils by converting them into soap 

(saponification). 

o Procedure: 
 Add a small amount of the lipid sample to a test tube. 

 Add 5 ml of NaOH solution (10%). 

 Heat the mixture in a water bath for 10-15 minutes. 

 Allow the mixture to cool and then add a few drops of water. 

o Observation: Formation of a soap-like substance indicates the presence of 

fats and oils. 

4. Acrolein Test 
o Aim: To detect the presence of glycerol in fats and oils. 

o Procedure: 
 Take a small amount of the lipid sample in a dry test tube. 

 Add a few drops of concentrated sulfuric acid. 

 Heat gently. 

o Observation: A pungent odor of acrolein indicates the presence of glycerol. 

5. Cholesterol Test 
o Aim: To detect the presence of cholesterol using acetic anhydride and sulfuric 

acid. 

o Procedure: 
 Add a small amount of the lipid sample to a test tube. 

 Add 2 ml of chloroform. 

 Add 2 ml of acetic anhydride. 

 Carefully add 1-2 drops of concentrated sulfuric acid. 

o Observation: A green color indicates the presence of cholesterol. 

Results 

Based on the observations from the tests conducted: 

 Solubility Test: If the lipid sample dissolves in chloroform and ether but not in water, 

it confirms the non-polar nature of the lipid. 

 Sudan III Staining Test: If the sample stains red, it confirms the presence of lipids. 

 Saponification Test: The formation of a soap-like substance confirms the presence of 

fats and oils. 

 Acrolein Test: The presence of a pungent acrolein odor indicates glycerol, 

confirming fats and oils. 

 Cholesterol Test: The appearance of a green color confirms the presence of 

cholesterol. 
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Quantitative Analysis of Nucleic Acids 

Aim: 

The aim of this experiment is to determine the concentration of nucleic acids (DNA or RNA) 

in a given sample using spectro photometric analysis. 

Principle: 

Nucleic acids absorb ultraviolet (UV) light with a peak absorption at 260 nm. The amount of 

light absorbed at this wavelength is directly proportional to the concentration of nucleic acids 

in the solution. The ratio of absorbance at 260 nm and 280 nm (A260/A280) is used to assess 

the purity of the nucleic acids, with pure DNA typically having a ratio of ~1.8 and pure RNA 

having a ratio of ~2.0. 

Materials: 

 Nucleic acid sample (DNA or RNA) 

 TE buffer (Tris-EDTA) 

 UV spectrophotometer 

 Quartz cuvettes 

 Pipettes and tips 

 Microcentrifuge tubes 

 Nuclease-free water 

Methodology and Procedure: 

1. Preparation of Samples: 
o Dilute the nucleic acid sample in TE buffer to an appropriate concentration. 

Typically, a 1:10 or 1:100 dilution is used. 

2. Calibration of the Spectrophotometer: 
o Turn on the UV spectrophotometer and allow it to warm up for 15-20 minutes. 

o Calibrate the spectrophotometer using TE buffer as a blank. Fill a quartz 

cuvette with TE buffer, place it in the spectrophotometer, and set the 

absorbance to zero at 260 nm. 

3. Measurement: 
o Rinse the cuvette with a small amount of the nucleic acid sample, then fill it 

with the diluted nucleic acid sample. 

o Measure the absorbance of the sample at 260 nm and 280 nm. 

o Record the absorbance values. 

4. Calculation of Concentration: 
o Use the absorbance at 260 nm (A260) to calculate the concentration of the 

nucleic acid. The formula used is: 

Concentration (µg/mL)=A260×Dilution Factor×Conversion Factor\text{Conce

ntration (µg/mL)} = A260 \times \text{Dilution Factor} \times 

\text{Conversion 

Factor}Concentration (µg/mL)=A260×Dilution Factor×Conversion Factor 

o For DNA, the conversion factor is 50 µg/mL per A260 unit. 
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o For RNA, the conversion factor is 40 µg/mL per A260 unit. 

5. Assessment of Purity: 
o Calculate the A260/A280 ratio to assess the purity of the nucleic acid sample. 

o Pure DNA typically has an A260/A280 ratio of ~1.8. 

o Pure RNA typically has an A260/A280 ratio of ~2.0. 

o Ratios significantly lower than these values indicate protein contamination. 

Example Results: 

Assume we have a DNA sample and the following absorbance readings were obtained: 

 A260 = 0.6 

 A280 = 0.33 

 Dilution Factor = 100 

Calculation: 

 DNA Concentration: 

Concentration (µg/mL)=0.6×100×50=3000 µg/mL\text{Concentration (µg/mL)} = 

0.6 \times 100 \times 50 = 3000 \, 

\text{µg/mL}Concentration (µg/mL)=0.6×100×50=3000µg/mL 

 A260/A280 Ratio: 

A260/A280=0.60.33≈1.82\text{A260/A280} = \frac{0.6}{0.33} \approx 

1.82A260/A280=0.330.6≈1.82 

Interpretation: 

 The concentration of DNA in the original sample is 3000 µg/mL. 

 The A260/A280 ratio of 1.82 indicates that the DNA sample is relatively pure with 

minimal protein contamination 
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