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CELL DISRUPTION BY ENZYMATIC DIGESTION 
 

AIM: 

To disrupt the given bacterial cell/ culture by enzymatic method. 
 

PRINCIPLE: 

Digestion of cell wall is achieved by the addition of lytic enzymes to a cell suspension. 
Enzymes are highly selective, gentle and most effective. Lysozyme is widely used to lyse 
bacterial cells. The enzyme hydrolyses α-1,4 glycosidic bond in the mucopeptide moiety 
of bacterial cell wall of gram positive bacteria. The final rupture of the cell often 
depends on the osmotic pressure of the suspending medium. In case of gram negative 
bacteria like Escherichia coli pretreatment with detergent such as Triton X-100 or 
addition of EDTA is necessary. EDTA is used to destabilize the outer membrane thereby 
making the peptidoglycan layer accessible to lysozyme.Yeast cell 
lysis requires a mixture of different enzymes such as glucanase, protease, mannanase or 
chitinase. Sequential disruption of microbial cells for selective 
product release involves the use of lytic enzymes based on the type of microbial cells 
and process conditions. 
 
 

MATERIALS REQUIRED: 
Overnight grown bacterial culture, Alkaline CuSO4 solution, Folin’s reagent, 
Lysis buffer containing Lysozyme. 
 
 

PROCEDURE: 

• Take 1.5 ml of overnight grown bacterial culture in eppendorf tubes and centrifuge at 
10000 rpm for 5 minutes. 
• Discard the supernatant and suspend the biomass/ pellet in 1 ml of PBS (phosphate 
buffered saline) buffer. 
• Add 200μl of lysis buffer to all the tubes. 
• Incubate at different time intervals 10,20, 30, 40, 50 mins. 
• Centrifuge all the eppendorf tubes at 10000 rpm for 5 minutes. 
• Take 0.2 ml of supernatant and estimate the amount of protein 
present in each sample by Lowry’s method 

 

 
 



3 
 

 
CELL DISRUPTION BY ULTRA SONICATION 
 

AIM 
To disrupt the microbial cells by sonication and to determine the amount of protein 
released and rate constant for cell disruption. 
 

PRINCIPLE: 
Ultra sound waves of frequencies greater than 20kHz rupture the cell walls by a 
phenomenon known as cavitation. The passage of ultrasound waves in a liquid medium 
creates alternating areas of compression and rarefaction which change rapidly. The 
cavities formed in the areas of rarefaction rapidly collapse as the area changes to one of 
compression. The bubbles produced in the cavities are compressed to several thousand 
atmospheres. The collapse of bubbles creates shock waves which disrupt the cell walls 
in the surrounding region. The efficiency of the method depends on various factors such 
as the biological condition of the cells, pH, temperature, ionic strength and time of 
exposure. Ultrasonication leads to a rapid increase in the temperature and to avoid heat 
denaturation of the product it is necessary to cool the medium and also to limit the time 
of exposure. 
 

MATERIALS REQUIRED: 
Overnight grown bacterial culture, sonicator, eppendorf tubes, ice cubes, 
Spectrophotometer, Alkaline copper sulphate solution , Folin’s reagent. 
 

PROCEDURE: 

• Take 2 ml of bacterial culture in 5 eppendorf tubes and centrifuge at 10000 rpm for 5 
minutes. 
• Discard the supernatant and dissolve the pellet in 1ml of distilled water. 
• Keep the eppendorf tubes in ultrasonic wave generator tip for different time intervals 
(30-150 sec). 
• Set the controller power 50% and frequency of 25kHz. 
• After sonication, centrifuge the eppendorf tubes at 10000 rpm 
for 5 minutes. 
• Take 0.2 ml of supernatant and determine the amount of protein 
in the sample by Lowry’s method. 
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ESTIMATION OF PROTEIN BY LOWRY’S METHOD 
 

Aim: 

To estimate the amount of protein in the given sample by Lowry’s method. 
 

PRINCIPLE: 

The principle behind the Lowry method of determining protein concentrations lies in the 
reactivity of the peptide nitrogen[s] with the copper [II] ions under alkaline conditions 
and the subsequent reduction of the Folin- Ciocalteay phosphomolybdic 
phosphotungstic acid to heteropolymolybdenum blue by the copper-catalyzed oxidation 
of aromatic acids [Dunn, 13]. The Lowry method is sensitive to pH changes and 
therefore the pH of assay solution should be maintained at 10 - 10.5. 
The Lowry method is sensitive to low concentrations of protein. Dunn [1992] 
suggests concentrations ranging from 0.10 - 2 mg of protein per ml while 
Price [1996] suggests concentrations of 0.005 - 0.10 mg of protein per ml. The 
major disadvantage of the Lowry method is the narrow pH range within which 
it is accurate. However, we will be using very small volumes of sample, which 
will have little or no effect on pH of the reactionmixture. 
A variety of compounds will interfere with the Lowry procedure. These include some 
amino acid derivatives, certain buffers, drugs, lipids, sugars, salts, nucleic acids and 
sulphydryl reagents [Dunn, 1992]. Price [1996] notes that ammonium ions, zwitter ionic 
buffers, nonionic buffers and thiol compounds may also interfere with the Lowry 
reaction. These substances should be removed or diluted before running Lowry assays. 
 
 

Reagents 
A. 2% Na2CO3 in 0.1 N NaOH 
B. 1% NaK Tartrate in H2O 
C. 0.5% CuSO4.5 H2O in H2O 
D. Reagent I: 48 ml of A, 1 ml of B, 1 ml C 
E. Reagent II- 1 part Folin-Phenol [2 N]: 1 part water 
BT 0413 – Bioseparation Technology Laboratory 
Department of Biotechnology SRM University 
BSA Standard - 1 mg/ ml 
 
 

Procedure: 

• 0.2 ml of BSA working standard in 5 test tubes and make up to 1ml using 
distilled water. 
• The test tube with 1 ml distilled water serve as blank. 
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• Add 4.5 ml of Reagent I and incubate for 10 minutes. 
• After incubation add 0.5 ml of reagent II and incubate for 30 minutes 
• Measure the absorbance at 660 nm and plot the standard graph . 
• Estimate the amount of protein present in the given sample from the 
standard graph 
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ESTIMATION OF PROTEINS BY BRADFORD METHOD 
 

Aim: 

To estimate the amount of protein in the given sample by Bradford 
Assay. 
 

Principle 
The protein in solution can be measured quantitatively by different methods. The 
methods described by Bradford uses a different concept-the protein‘s capacity to bind 
to a dye, quantitatively. The assay is based on theability of proteins to bind to coomassie 
brilliant blue and form a complex 
whose extinction coefficient is much greater than that of free dye. 
 

List of Reagents and Instruments 
 

A. Equipment 

• Test tubes 
• Graduated cylinder 
• Weight Balance 
• UV spectrophotometer 
 

B. Reagents 

• Dissolve 100mg of Coomassie-Brilliant blue G250 in 50 ml of 95% 
Ethanol. 
• Add 100 ml of 85% phosphoric acid and make up to 600 ml with 
distilled water. 
• Filter the solution and add 100 ml of glycerol, then make upto 1000ml. 
• The solution can be used after 24 hrs. 
• BSA 
 

Procedure 
• Prepare various concentration of standard protein solutions from the stock solution 
(say 0.2, 0.4, 0.6, 0.8 and 1.0 ml ) into series of test tubes and make up the volume to 1 
ml .  
• Pipette out 0.2ml of the sample in two other test tubes and make up the volume to 
1ml. 
• A tube with 1 ml of water serves as blank 
• Add 5.0 ml of coomassie brilliant blue to each tube and mix by vortex or inversion. 
• Wait for 10-30minutes and read each of the standards and each of the samples at 
595nm. 
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• Plot the absorbance of the standards verses their concentration. 
• Plot graph of optical density versus concentration. From graph find 
amount of protein in unknown sample. 
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Extraction of collagen from rat tails 

Objectives: 

1. In our lab we will isolate and extract collagen protein from tendons of rat tails.  
2. Learn about extraction and purification method use in collagen extraction such 

as (centrifuge , dialysis method , SDS separation) in next labs. 
 

Introduction 
 
Collagen is one of the long, fibrous structural proteins, whose functions are quite 
different from those of globular proteins, such as enzymes.  
Collagen is the main structural protein in the extracellular space in the various 
connective tissues in animal bodies. As the main component of connective tissue, it is 
the most abundant protein in mammals, making up from 25% to 35% of the whole-body 
protein content. Collagen, in the form of elongated fibrils, is mostly found in fibrous 
tissues such as tendons, ligaments and skin. Collagen constitutes one to two percent of 
muscle tissue, and accounts for 6% of the weight of strong, tendinous muscles. The 
fibroblast is the most common cell that creates collagen. Gelatin, which is used in food 
and industry, is collagen that has been irreversibly hydrolyzed. Collagen also has many 
medical uses in treating complications of the bones and skin. Collagen occurs in many 
places throughout the body. Over 90% of the collagen in the human body, however, is 
type I. So far, 28 types of collagen have been identified and described.  
Based on characteristics of protein a combination of various methods, listed below, can 
be used for separation of cellular proteins. 
 

Characteristics  procedure 

solubility 1. Salting in 
2. Salting out 

Ionic charge 1. Ion exchange chromatography. 
2. Electrophoresis 
3. Isoelectric focusing   

polarity 1. Adsorption chromatography 
2. Paper chromatography 
3. Reverse phase chromatography  
4. Hydrophobic interaction 

chromatography 

Molecular size 1. Dialysis 
2. Gel electrophoresis 
3. Gel filtration chromatography 
4. Ultracentrifugation  
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Binding specificity  Affinity chromatography  

 
 
Precipitation one way of protein extraction depending on solubility.  
The solubility is also a function of ionic strength, so we have to terms. in the first 
(salting-in), at low salt concentrations, the presence of salt stabilizes various charged 
groups on a protein molecule, thus attracting protein into the solution and enhancing 
the solubility of protein. The second term (Salting-out),as you increase the ionic strength 
by adding salt, there is less and less water available for the protein to dissolve and 
proteins will precipitate. Ammonium sulfate is the most common salt used, Because it is 
unusually soluble in cold buffers (our extractions are kept cold!).In research laboratories 
as a first step in protein purification because it provides some crude purification of 
proteins separating non-proteins and some unwanted proteins out.Because it yields a 
precipitated protein that is usually very stable. Sodium sulfate , and Polyethylene glycol 
(PEG), organic polymer that has properties similar to ammonium sulfate, and Nacl other 
salt you can use. If the ionic strength is very low or very high, protein tend to precipitate 
at isoelectric point (is the pH at which a particular molecule carries no net electrical 
charge).  
 

 Materials: 

 

 Rat tail  

 Alcohol 70%  

 Scalpels  

 Forceps 

 glass plate  

 Beaker 

 Bottle 250ml 

 Magnetic stirrer 

 stirrer instrument  

 DIALYSIS BUFFER  

 (Na2HPO4 , NaH2PO4) 

 ACETIC ACID (0.5&0.25M) (250 ml)  

 NACL 10% (250ml) 

 Natural or artificial dialysis membrane   

 Centrifuge  

 Centrifuge tube 
 

Procedures: 

 
1. Place frozen fresh rat tails in 70% ethanol.  
2. Devolve the overlying skin with a scalpel exposing tendons.  
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3. Strip tendons away from tail and place in 70% ethanol to sterilize.  
4. Weigh the collected tendons and transfer to acetic acid (1g) tendon to 250 ml 

0.5M acetic acid). Mix for 48h at 4°C.  
5. Centrifuge the tendon / acetic acid mix at 10.000 for 30 min and discard the 

pellet.  
6. Add an equal volume of 10% (w/v) NaCL to the supernatant and allow the mix to 

stand overnight at 4°C.  
7. Collect the collagen rich , insoluble bottom layer and centrifuge for a further 

30min at 10.000 g .  
8. Re-suspend the collagen-rich material in 0.25M A.A at 4°c (this may take a long 

time, e.g. overnight on a magnetic stirrer in a coldroom); avoid adding too much 
acetic acid as it will dilute the collagen (e.g. for 9g initial tendons, resuspend in 
800 ml) and dialyze against 1:1000 acetic acid at 4°c for 3 days , changing the 
dialysis buffer twice daily .  

9. Further sterilize the collagen solution by centrifugation (20.000 g for 2 hr ) and 
store at 4°c .  

10. Dilute collagen as required with the addition of sterile 1:1000 acetic acid to a 
stock concentration of 1mg/ml. 
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Purification of penicillin 

Objectives 

 To be able to describe how Downstream processing is carried out to extract and 

purify the end‐product of fermentation. 

 To be introduced to liquid-liquid extraction technique. 

 To be familiar with thin layer chromatography (TLC) and HPLC. 

Introduction  

Downstream Processing 

Products in a fermenter are impure and dilute, so need to be purified by downstream 

processing. This usually involves filtration to separate the microbial cells from the liquid 

medium, followed by chemical purification and concentration of the product 

Downstream processing can account for 50% of the cost of a process.  
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Antibiotics are antimicrobial agents produced naturally by other microbes (usually fungi 

or bacteria).  The first antibiotic was discovered in 1896 by Ernest Duchesne and 

"rediscovered" by Alexander Flemming in 1928 from the filamentous fungus Penicilium 

notatum. 

On our lab we will introduced to different of purification technique  

The purification of penicillin from the production media began with filtration of the 

broth. In the first stage, large solids and microbial cells were separated by filtration, as 

filtration is the most versatile method for removing the insoluble from the broth. The 

purification of penicillin from the production media began with filtration of the broth. 

Penicillin rich aqueous broth was treated with activated charcoal to remove pigments 

and impurities. 

Then farther purification technique was applied. 

1. Liquid-liquid extraction  

Liquid–liquid extraction (LLE)  

consists in transferring one (or more) solute contained in a feed solution to 

another immiscible liquid (solvent). The solvent that is enriched in solute is called 

extract. The feed solution that is depleted in solute is called raffinate. 

After filtration and carbon treatment, penicillin recovery was done by liquid-liquid 

extraction (solvent extraction). Penicillin was extracted from an aqueous phase into the 

solvent butyl acetate. 

Selecting a solvent 

Solvents used in liquid-liquid extraction are chosen to achieve maximum transfer of the 

solute from the carrier into the solvent. They must not be completely miscible with the 

carrier liquid and should have a high affinity for the solute molecules. 

Depending on the rule of (like dissolve like) 

An ideal solvent for liquid-liquid extraction will typically have the following properties: 

 high solubility for the solute and low solubility for the carrier liquid 

 density difference vs. the carrier liquid greater than 150 kg/m3 
 high resistance to thermal degradation 
 nonreactive with other chemicals involved in the extraction process 

 high boiling point (for ease of material handling) 

 low viscosity (for ease of handling) 

 nontoxic, nonflammable, and not corrosive to process equipment (for ease of 
handling) 

https://en.wikipedia.org/wiki/Miscibility
https://en.wikipedia.org/wiki/Solvent
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 low cost. 

 

Procedure  

Fermentation products (penicillin broth) are filtered (microfiltration) and extracted at 
low pH with butyl acetate. The penicillin  is then extracted further at a higher pH into 
an aqueous phosphate buffer. 
 

Thin layer chromatography )TLC) 
Solute recovery was carried out by evaporation of the extracted sample. The 
identification of purified penicillin was done by thin layer chromatography (TLC) with 
benzene: ethyl acetate: acetic acid (40:40:20) as solvent and visualized in UV 
illuminator. 
 

High performance liquid chromatography (HPLC) 
  

Introduction 
 
High performance liquid chromatography is basically a highly improved form of column 
chromatography. Instead of a solvent being allowed to drip through a column under 
gravity, it is forced through under high pressures of up to 400 atmospheres. That makes 
it much faster. It also allows you to use a very much smaller particle size for the column 
packing material which gives a much greater surface area for interactions between the 
stationary phase and the molecules flowing past it. This allows a much better separation 
of the components of the mixture.  
The other major improvement over column chromatography concerns the detection 
methods which can be used. These methods are highly automated and extremely 
sensitive. 
 

The column and the solvent 
There are two variants in use in HPLC depending on the relative polarity of the solvent 
and the stationary phase. 
 

Normal phase HPLC 
This is essentially just the same as you will already have read about in thin layer 
chromatography or column chromatography. Although it is described as "normal", it 
isn't the most commonly used form of HPLC. 
The column is filled with tiny silica particles, and the solvent is non-polar - hexane, for 
example. A typical column has an internal diameter of 4.6 mm (and may be less than 
that), and a length of 150 to 250 mm. 
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Polar compounds in the mixture being passed through the column will stick longer to 
the polar silica than non-polar compounds will. The non-polar ones will therefore pass 
more quickly through the column. 
 

Reversed phase HPLC 
In this case, the column size is the same, but the silica is modified to make it non-polar 
by attaching long hydrocarbon chains to its surface - typically with either 8 or 18 carbon 
atoms in them. A polar solvent is used - for example, a mixture of water and an alcohol 
such as methanol. In this case, there will be a strong attraction between the polar 
solvent and polar molecules in the mixture being passed through the column. There 
won't be as much attraction between the hydrocarbon chains attached to the silica (the 
stationary phase) and the polar molecules in the solution. Polar molecules in the 
mixture will therefore spend most of their time moving with the solvent.  
Non-polar compounds in the mixture will tend to form attractions with the hydrocarbon 
groups. 
They will also be less soluble in the solvent therefore, spend less time in solution in the 
solvent and this will slow them down on their way through the column. 
That means that now it is the polar molecules that will travel through the column more 
quickly.  
Reversed phase HPLC is the most commonly used form of HPLC. 
 
Looking at the whole process 
A flow scheme for HPLC 

 
Injection of the sample 
Injection of the sample is entirely automated. 
 
Retention time 
The time taken for a particular compound to travel through the column to the detector 
is known as its retention time. This time is measured from the time at which the sample 
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is injected to the point at which the display shows a maximum peak height for that 
compound. 
Different compounds have different retention times. For a particular compound, the 
retention time will vary depending on: 

 the pressure used (because that affects the flow rate of the solvent) 
 the nature of the stationary phase (not only what material it is made of, but also 

particle size) 
 the exact composition of the solvent 
 the temperature of the column 

That means that conditions have to be carefully controlled if you are using retention 
times as a way of identifying compounds. 

 
Figure 1: retention time 
Retention time= tr – tm 

tr  is the retention time of solute at the peak maximum and tm is the retention time of 
unretained solute and is called dead or void time. 
 
Retention volume (VR)  
This parameter is a measure of the volume of mobile phase required for the elution of a 
specific solute. When the flow rate of the mobile phase is expressed in ml/min and the 
retention time of a solute is tr , then  
  
VR = tr * X  
Where X represents the flow rate  
The void volume can be written as  
Vه = tm * X 
And the net retention is  
VR (net) = X (tr – tm ) 
 
The detector 
 There are several ways of detecting when a substance has passed through the column. 
A common method which is easy to explain uses ultra-violet absorption. Many organic 
compounds absorb UV light of various wavelengths. If you have a beam of UV light 
shining through the stream of liquid coming out of the column, and a UV detector on 
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the opposite side of the stream, you can get a direct reading of how much of the light is 
absorbed.  
The amount of light absorbed will depend on the amount of a particular compound that 
is passing through the beam at the time. 
The solvents used absorb UV light. But different compounds absorb most strongly in 
different parts of the UV spectrum. 
Methanol, for example, absorbs at wavelengths below 205 nm, and water below 190 
nm. If you were using a methanol-water mixture as the solvent, you would therefore 
have to use a wavelength greater than 205 nm to avoid false readings from the solvent. 
 
Experiment  

a) Chemicals and reagents 

 Methanol : Phosphate buffer (85:15, v/v). 

 Penicillin extract. 

 pencom® 13 (commercially available penicillin injection)   
b) Apparatus  

 HPLC pump and injector 

 C18 column 

 UV detector 

 1/16" tubing and fittings 

 Chart recorder or integrator 

 HPLC syringe (0-50 µL) 
c) Procedure  

1. Assemble the HPLC system as directed by your instructor and fix the 
sample loop 

2. Flush the column for about 15 min at 1ml/min with the methanol : 
phosphate (85:15)  till a stable base line is obtained  

3. Inject your sample and record the resulting chromatogram at 250 nm. 
4. Inject your standards, one in a time, and record the resulting 

chromatograms. All settings should be kept the same as in step 3. 
5. Compare your chromatograms of the standards and sample and 

determine which is which. 
6. Determine the concentration of each component from the corresponding 

peal area. 
7. When you are done, flush the column with the 50% methanol solution for 

20 min (2ml/min), and turn the system off. 
8. Report your results as ppm of each analyte in the original sample. 
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  Soxhlet extractor 

A Soxhlet extractor is a piece of laboratory apparatus[1] invented in 1879 by Franz von 

Soxhlet.[2] It was originally designed for the extraction of a lipid from a solid material. 

Typically, a Soxhlet extraction is used when the desired compound has a limited 

solubility in a solvent, and the impurity is insoluble in that solvent. It allows for 

unmonitored and unmanaged operation while efficiently recycling a small amount of 

solvent to dissolve a larger amount of material. 

Description 

A Soxhlet Extractor has three main sections: A percolator (boiler and reflux) which 

circulates the solvent, a thimble (usually made of thick filter paper) which retains the 

solid to be laved, and a siphon mechanism, which periodically empties the thimble. 

Assembly 
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1. The source material containing the compound to be extracted is placed inside 
the thimble. 

2. The thimble is loaded into the main chamber of the Soxhlet extractor. 

3. The extraction solvent to be used is placed in a distillation flask. 

4. The flask is placed on the heating element. 

5. The Soxhlet extractor is placed atop the flask. 

6. A reflux condenser is placed atop the extractor. 

 

Operation 

The solvent is heated to reflux. The solvent vapour travels up a distillation arm, and 
floods into the chamber housing the thimble of solid. The condenser ensures that any 
solvent vapour cools, and drips back down into the chamber housing the solid material. 
The chamber containing the solid material slowly fills with warm solvent. Some of the 
desired compound dissolves in the warm solvent. When the Soxhlet chamber is almost 
full, the chamber is emptied by the siphon. The solvent is returned to 
the distillation flask. The thimble ensures that the rapid motion of the solvent does not 
transport any solid material to the still pot. This cycle may be allowed to repeat many 
times, over hours or days. 

During each cycle, a portion of the non-volatile compound dissolves in the solvent. After 
many cycles the desired compound is concentrated in the distillation flask. The 
advantage of this system is that instead of many portions of warm solvent being passed 
through the sample, just one batch of solvent is recycled. 

After extraction the solvent is removed, typically by means of a rotary evaporator, 
yielding the extracted compound. The non-soluble portion of the extracted solid 
remains in the thimble, and is usually discarded. 

 

https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Round_bottomed_flask
https://en.wikipedia.org/wiki/Condenser_(laboratory)
https://en.wikipedia.org/wiki/Reflux
https://en.wikipedia.org/wiki/Distillation
https://en.wikipedia.org/wiki/Solvation
https://en.wikipedia.org/wiki/Siphon
https://en.wikipedia.org/wiki/Distillation
https://en.wikipedia.org/wiki/Volatility_(chemistry)
https://en.wikipedia.org/wiki/Rotary_evaporator
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Detection of alcohol concentration 

Aim: 
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Estimation of Alcohol Content in Wine by Dichromate Oxidation followed by Redox 

Titration Chemical Concepts and Techniques. 

Principle: 

Potassium dichromate oxidises primary alcohols to the corresponding carboxylic acid. 

The intermediate product is the aldehyde. The reaction is critically dependent upon 

hydrogen ion concentration for the complete oxidation to occur, rather than to a 

mixture of aldehyde and acid. So in the case of ethanol the redox reaction is  

 

 

The reaction conditions most favourable to reaction completion are 60-65 C for a 

minimum of 30 minutes. Reduction of chromium from the [VI] oxidation state to the [III] 

oxidation state as a result of the oxidation reaction can be observed as the colour 

change from orange to green. In addition to the strongly acidic conditions required, 

dichromate must be present in significant excess also, to allow sufficient residual 

dichromate for a back titration to be performed. The back titration that is usually 

recommended is with ferrous ammonium sulphate (FAS) with1,10-Phenanthloine 

ferrous sulphate indicator: 

 

For true accuracy, this determination should be carried out on a sample of distillate 

following distillation of the wine, as other components in wine could be expected to 

react to some extent with dichromate under the given conditions, particularly residual 

sugar. However an estimation of the alcohol content can be made on an ‘as is’ sample of 

dry wine without prior distillation. 
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Equipment Required:  

1L and 50mL volumetric flasks (for reagent preparation) 50mL burette 100mL volumetric 

flask 25mL, 20mL and 5mL volumetric pipettes 50mL Schott reagent bottles or similar, 

with screw caps Constant temperature water bath (can improvise with hot plate and 

saucepan) 250mL conical flasks for titrating Halogen lamp for observing endpoint colour 

change (optional) Reagent Preparation: It is strongly advised that reagent solutions be 

prepared by laboratory technicians due to the hazardous nature of the acids and 

oxidising reagents used. Standard Potassium Dichromate solution (acidified): Dissolve 

33.768 (accurately weighed) potassium dichromate, K2Cr2O7, in around 500mL of 

distilled water. Slowly and carefully, with stirring, add 325mL of concentrated sulphuric 

acid (caution – solution will become very hot). Addition of acid can be carried out while 

standing the solution vessel in an ice bath if desired. Allow the solution to cool to room 

temperature. Transfer volumetrically to a 1.0 L volumetric flask and make to volume 

with distilled water. Store in amber glass. Caution: Potassium Dichromate is a strong 

oxidising agent. Chromium (VI) compounds are toxic and are known carcinogens. Avoid 

skin contact, ingestion or inhalation of solid particles. Ferrous Ammonium Sulphate 

(acidified): Dissolve 135g of ferrous ammonium sulphate, FeSO4(NH4)2SO4.6H2O, in 

approximately 750mL of distilled water. Carefully and slowly add 25mL of concentrated 

sulphuric acid. Allow to cool and quantitatively transfer to a 1.0 litre volumetric flask. 

Dilute to volume with distilled water. 1,10-Phenanthroline Ferrous Sulphate indicator 

solution: Dissolve 0.348g ferrous sulphate (FeSO4.7H2O) in approximately 25mL of 

distilled water. Add 0.743g of ophenanthroline. Transfer solution quantitatively to a 

50mL volumetric flask and dilute to volume with distilled water. Store in an eye-dropper 

bottle. Method: To perform the oxidation reaction: 1. Pipette 20.0mL of wine into a 

100mL volumetric flask and dilute to volume with distilled water. 2. Pipette 5.0mL of the 

diluted wine into a 50mL Schott reagent bottle. 3. Stand the Schott bottle in a large 

plastic beaker of ice and water. 

Using a volumetric pipette, very slowly add 25.0mL of the potassium dichromate 

solution dropwise into the Schott bottle. The reaction will commence immediately, 

with generation of heat. It is important that mixture remains cold during the addition of 

the dichromate and subsequent reaction, to prevent the loss of acetaldehyde vapour. 5. 

Screw the cap on the Schott bottle firmly. 6. Place in a water bath at 60-65C. Leave 

sample to react for at least 30 minutes. 7. Perform a blank sample of 5.0mL of distilled 

water and 25.0mL dichromate solution. Place in water bath as for sample. 8. Remove 

wine and blank samples and allow to cool. 
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 To perform the back titration:  

1. Quantitatively transfer the contents of the Schott bottle to a 250mL conical flask 

(using distilled water rinses). 

 2. Rinse and fill the burette with ferrous ammonium sulphate solution.  

3. Perform the blank titration using the prepared blank sample. Titrate with ferrous 

ammonium sulphate until the solution turns to an emerald green.  

4. Add 5 drops of indicator solution.  

5. Continue the titration until the colour changes from blue-green to brown. The 

endpoint is sharp and distinct. A halogen lamp shone through the sample may assist in 

end-point detection.  

6. Record the blank titre VB  

7. Perform the sample titration as for the blank titration.  

8. Record the sample titre VA. Calculate the alcohol content using the following formula: 

 

 

Points to Consider: 

  The time and temperature of the incubation period are critical, both must be 

sufficient for the full oxidation of alcohol to acetic acid. The initial oxidation to 

acetaldehyde is the slowest reaction and is the rate determining step. Better results may 

be obtained by leaving the sample to incubate for longer.  

 There is a significant risk of error if acetaldehyde vapour, generated by the heat of 

reaction during the dichromate addition, is allowed to escape prior to reacting further 

to produce acetic acid. The result of such an error would be a lower apparent alcohol 

content, as less of the dichromate is consumed. 

  The reaction vessels must be tightly sealed during the incubation to prevent further 

escape of acetaldehyde by volatisation. It is best to maintain the temperature of the 

water bath at not more that 65 - this ensures completion of the oxidation to acetic 

acid, as well as minimising the oxidation of interfering (non-alcohol) substances.  
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 If using a saucepan of water and adjustable hotplate as a waterbath, experiment to 

determine the optimum hotplate setting to produce 60-65C. Note that a kitchen 

hotplate will need to be on a very low setting. A laboratory hotplate is generally better 

for this purpose. Cover the saucepan with foil to prevent loss of water to evaporation. 

 Glassware must be scrupulously clean, preferably soaked in dilute sulphuric acid and 

rinsed with distilled water prior to use.  

 Dichromate has a significant expansion coefficient – when preparing, ensure solution 

is made to volume at 20C. In addition all volumetric work should be carried out at a 

room temperature of 20C. 

  Note that it is not necessary to standardise the Ferrous Ammonium Sulphate solution 

for use in a back titration, as long as a blank titration is performed. The blank titration 

should be performed directly before the sample titration. 

  Potassium dichromate is a primary standard, providing that the solution is prepared 

with accurately weighed salt, no standardisation is necessary.  

 In order to familiarise themselves with the colour changes during the titration, it is 

advisable for students to prepare 2 blanks, and use one of them as a practice titration.  

 For a very accurate analysis of alcohol content, the wine can be pre-distilled. See the 

method for alcohol by distillation.  

 An alternative indicator for this titration is sodium diphenylamine sulphonate and 

phosphoric acid, however the endpoint is not as distinct and may require practice to 

detect accurately.  

 Alternative procedures for the back titration are possible, including reduction of the 

excess dichromate by potassium iodide to stochiometrically produce iodine, which is 

then titrated against standard thiosulphate with starch indicator. However the endpoint 

can be harder to detect using this method due to the green background of Cr3+ ions. 

  The oxidation reaction could also be achieved by using potassium permanganate 

solution instead of potassium dichromate. In this case the reaction is 

However there are several reasons why permanganate is less suitable than dichromate 

for this reaction: 

 1. Permanganate is a considerably stronger oxidising agent than dichromate, and 

therefore will be less specific for alcohol. Many compounds present naturally in wine 
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such as tannins, phenolics, sulphites, sugars and some organic acids such as sorbic and 

succinic acids may be oxidised by permanganate under the conditions described. 

Therefore the associated error in determining alcohol will be larger when using 

permanganate, where a non-distilled wine sample is used.  

2. The loss of acetaldehyde as vapour upon addition of the permanganate may be more 

difficult to avoid due to the stronger oxidising properties of permanganate and 

consequent faster reaction rate.  

3. Permanganate titrations are generally considered to be self-indicating as the colour 

change is from purple to clear. However the colour of red wines is intensified under 

acidic conditions and may interfere with determining an accurate endpoint where the 

colour change is from purple-pink to clear (the solution will never turn completely clear 

because of the wine colour, so the endpoint becomes the point where the pink colour 

ceases to pale any further). As many white wines have a tendency to ‘pink’ when heated 

under strongly acidic conditions, white wine may cause similar problems.

 

4.Potassium permanganate is not a primary standard and requires careful preparation, 

standardisation and storage.  

 However, some teachers may still prefer to use permanganate due to the hazardous 

properties of dichromate. Unfortunately no method was able to be sourced for 

substituting permanganate – some simple trials should help to fine tune reagent 

concentrations and quantities etc. 

 

 

 

 

amino acids 

Aim :  

To quantify the amount of amino acids by using ninhydrin reaction. 
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Principle : 
 
Amino acids are known as the building blocks of all proteins. There are 20 different 
amino acids  commonly found in proteins. Amino acids are comprised of a carboxyl 
group and an amino group attached to the same carbon atom (the α carbon). 
They  vary in size, structure, electric charge and solubility in water because of the 
variation in their side chains ( R groups).  Detection, quantification and identification of 
amino acids in any sample constitute important steps in the study of proteins. 
The general structure of an amino acid is shown below:   

 
 

 
 

Alpha amino acids react with Ninhydrin involved in the development of color which is 

explained by the following five steps. 

 

+Alpha   > Reduced ninhydrin---amino acid + Ninhydrin -alpha   1.                                 

O2amino acid +H 

 

This is an oxidative deamination reaction that elicit two hydrogen from the alpha amino 

imino acid. Also the ninhydrin reduced and loses an oxygen  –acid to produce an alpha 

atom with the formation of water molecule. 

 

3keto acid +NH-> alpha---O 2amino acid + H-alpha     2.                                 

 

imino acid will cause the formation  –NH group in the alpha  The rapid hydrolysis of 

keto acid further involved -keto acid with an ammonia molecule. This alpha -an alpha of 

ylation reaction of step.in the decarbox 

 

2> aldehyde + CO--- 3keto acid + NH-alpha     3.                                

 

form an   to  condition  a heated  Under    

acid.   amino  original  the  than  atom  carbon  less  one  has  that  aldehyde

three steps   first  produced along with aldehyde. These  is  dioxide molecule  carbon  A

that   reduced ninhydrin and ammonia  the  produce

overall reaction for the above reactions   color .The  of  production  the  for  required  are
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 is simply explained in Reaction (4) as follows: 

 

 final  +  aldehyde  +  2CO  >---  ninhydrin  2  +  acid  amino-alpha    4.                               

O2complex(BLUE) + 3H 

In summary, ninhydrin, which is originally yellow, reacts with amino acid and turns deep 

 purple. It is this purple color that is detected in this method.  Ninhydrin  will  react  with 

 a  free  alpha-amino  group,  NH2-C-COOH.  This group is present  in all amino acids, 

proteins or peptides. Whereas, the decarboxylation reaction  will  proceed  for  a  free  

amino  acid,  it will  not  happen  for  peptides  and  proteins. Theoretically only amino 

acids produce color with ninhydrin reagent. However, one should  always  check  out  

the  possible  interference  from  peptides  and  proteins  by  performing  blank  tests  

especially when  such  solutions  are  readily  available. For  example,  one  can  simply  

add  the ninhydrin  reagent  to  a  solution  of  only  proteins  and  see  if  there  is  any  

color development. There  is no excuse  for  failing  to perform  such a vital  test when  

the sample  mixture  contains  both  proteins  and  amino  acids.  There  are  also  

reports  that chemical compounds other than amino acids also respond positively to this 

reaction. 

The ninhydrin reaction, one of the most important method of detecting amino acids, 

both technically and historically, has been conventionally used to detect their 

microgram amounts. When amino acids with a free alpha amino groups are treated with 

an excess of ninhydrin, they yield a purple colored product. Under appropriate 

conditions, the color intensity produced is proportional to the amino acid concentration. 

The primary amino groups react with ninhydrin to form the purple colour dye now 

called Ruhemann's purple (RP) was discovered by Siegfried Ruhemann in 1910. 

Iminoacids like   proline, the guanidino group of arginine, the amide groups of 

asparagine, the indole ring of tryptophan, the sulfhydryl group of cysteine, amino 

groups of cytosine and guanine, and cyanide ions also react with ninhydrin to form 

various chromophores that can be analyzed. 

The overall reaction can be written as follows: 
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Primary amines also react with ninhydrin, but do not liberate of CO2. [ Caution 

: Ninhydrin is a very reactive oxidizing agent, so should be handled with care]. 

Several other convenient reagents are available which can react with the alpha amino 

group to form colored or fluorescent derivatives. These include fluorescamine, dansyl 

chloride, dabsyl chloride, etc., used in the detection of trace amounts of amino acids at 

the nanogram level. 

In the quantitative estimation of amino acid using Ninhydrin reagent, the absorbance of 

the Ruhemann's purple formed by the reaction at 570nm is measured. For imino acids, 

the absorbtion happens at 440nm. The principle behind the colorimetric estimation is 

given below: 

 

Materials Required: 

 Reagents Required: 
  

1. Standard amino acid stock solution (150 micrograms of  Standard amino acid stock 
solution (150µg/ml)). 

2. 0.2M Acetate buffer (pH=5.5). 
3. 8% w/v of Ninhydrin reagent [ Preparation: Weigh 8g of ninhydrin and dissolve in 100ml 

of acetone]. 
4. 50% v/v ethanol. 
5. Distilled water. 

  

Apparatus and Glasswares Required: 

1. Test / Boiling tubes. 
2. Pipettes [glass / micropipette]. 
3. Waterbath. 
4. Colorimeter. 

  

 Procedure: 

1. Pipette out different volumes(0.1ml-1ml) of standard amino acid solution to the 
respective labelled test tubes. 

2. Add distilled water in all the test tubes to make up the volume to 4ml. 
3. Add 4ml of distilled water to the test tube labelled Blank. 
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4. Now add 1ml of ninhydrin reagent to all the test tubes including the test tubes labelled 
'blank' and 'unknown'. 

5. Mix the contents of the tubes by vortexing /shaking the tubes. 
6. Put a few marble chips in each tube. 
7. Cover the mouth of the tubes with aluminium foil. 
8. Place all the test tubes in boiling water bath for 15 minutes. 
9. Cool the test tubes in cold water and add 1ml of ethanol to each test tube and mix well. 
10. Now record the absorbance at 570 nm of each solution using a colorimeter. 

  

How to set the colorimeter: 

1. Switch on the colorimeter and set the wavelength at which the absorbance is to be 
measured [this should be done about 30 min before taking the readings]. 

2. Rinse the cuvette with the blank solution, drain off the solution by inverting the cuvette 
and touching its mouth on to the filter paper. 

3. Fill the cuvette with the blank solution up to the appropriate mark and place it in the 
hole provided on the colorimeter. 

4. Care should be taken that the cuvette is properly inserted into the hole. 
5. Read the OD value and tare the instrument to zero. 
6. Take out the cuvette and drain off the blank solution. 
7. Now measure the OD values from the lower to the higher concentration. 

 

 

 

 

 

 

 

 

 

Chitosan Extraction 

Aim: 

To extraction of chitosan from the crab shell. 
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Principle: 

Proper disposal of seafood wastes is a continuous problem along the Eastern shores of 

the United States. Blue crab and scallop processing plants continuously dumped their 

residues into landfills, creating management and environmental concerns associated 

with ground and drinking water pollution. Additionally, build up of seafood waste 

generates an unpleasant odor and becomes an eye-sore to both tourists and local 

communities. Consequently, the present study was designed to evaluate alternate uses 

for seafood wastes that are economically feasible. The goal of this study was to isolate 

chitosan from crab exoskeletons and evaluate its potential as a fungicide against seed 

infection and a plant growth enhancer. Chitosan was obtained by first removing the 

shell-meat and recovering the calcium carbonate and proteins. Crab exoskeleton 

samples were demineralized with either 0.5% or 1.0% HCl or 5% or 10% CH3COOH. 

Reagent: 

1-0.25 M HCI 

2-D.W. 

3-1.00 NAOH. 

4-Acetone. 

5- hot ethanol. 

6-45%Na2OH. 

7-20% NaOH. 

8-2% acetic acid. 

9-0.2M Nah2PO4 . 

10-0.19 M Na2 HPo4. 

 

Material: 

1-Spectrophotometer, 

 2-filtration pump, 

 3-microwave,  

4-PH meter 
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Procedure: 

1-EXTRACTION OF CHITOSAN 

The crab shell was grinded, and sieved with 250 Mm sieve 

2-DEMINERRALIZATION STEP: 

Crabs shell powder was treated with 0.25 M HCI 40ml/g.  

When the bubbles disappeared, we did the filtration and washing it by D.W. 

3-DEPROTEINIZATION STEP: 

The powder was treated with 1.00 NaOH 20ml/g, , and was put in microwave about 26 min, 

and then the filtration was done, and the absorbance for filtrate was measured at 570 nm 

and this process was repeated, \ was needed for second heating in microwave (10min) and 

the third heating needed NaOH for 10 min, the fourth heating needed of NaOH for 7min. 

4-PURIFICATION OF CHITIN: 

The powder was treated with hot ethanol (10ml/g and it was filtered and washed with D.W 

and the powder was boiled in acetone, filtered, and washed with D.W. 

5-DEACETYLATION OF CHITINE: 

The chitin was soaked in 45% NaOH one day at room temp and then introduced in 

microwave for 15 min, filtrated and washed with D.w. 

6-PURIFICATION OF CHITOSAN: 

The chitosan was dissolved in 2% acetic acid and rprecipetated with 20% NaOH. 

RESULTES: 

W.t of crab shell powder = 56.015g = w.t (CaCO3 + protein + chitin) 

W.t of powder without CaCO3 = 19.605g = (protein + chitin) 

W.t of chitosan after purification = 11.4g 

 

 

CALCULATIONS:  

CaCO3% =
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PROTEIN% 
           

      
             

Chitin% = 
    

      
             

w.t (g) Absorbance Microwave period (min) 

19.00 .923 26 

16.40 .102 10 

13.70 .022 10 

12.40 .007 7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE END 


