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LABORATORY RULES AND REGULATIONS 

 
There are some rules which should be followed for the successful completion of the lab experiments, 
safety of the student and convenience of others working in the lab 

 

(i) Upon entering the laboratory, place bags, books and other materials in specified locations. Never 

on bench tops 
(ii) Always wear a lab coat before entering the laboratory for protecting clothes from 

Contamination or accidental discoloration by staining solutions 

(iii) Keep the lab windows and doors closed during laboratory sessions to prevent contamination from 
air currents 

(iv) Before and after each lab session wipe your work bench with a disinfectant like Lysol or ethanol 

(v) Do not place contaminated instrument such as inoculation loop, needles and pipettes on bench top 
(vi) Wash your hands with soap and water upon entering and prior to leaving the lab 

(vii) Do not smoke eat or drink in the lab. These activities are absolutely prohibited 

(viii) Tie back long hair to minimize its exposure to open flame 

(ix) If a live culture is spilled, cover the area with a disinfectant solution for 15 min and then clean it 
(x) In the event of personal injury such as cuts or burns, inform the instructor immediately. Open cuts 

and wounds should be covered 

(xi) All microbial culture should be handled as potential pathogen 
(xii) Never pipette any broth cultures or chemical reagents by mouth 

(xiii) Always keep culture in an upright position in the test tube rack to carry culture when moving 

around the lab 

(xiv) Familize with the exercise to be performed 
(xv) Always perform the experiments to be sequence. Handle the apparatus and equipment carefully 

(xvi) Label all plates tubes and cultures properly before starting the experiment 

(xvii) As you perform the experiment, record your data in the notebook 
(xviii) Materials such as stains, reagent bottle test tubes petriplates pipettes must be returned to the 

original location after use 

(xix) Always use gloves while using toxic chemicals and matters. 
(xx) In case of accidently splash of chemicals risen with water and inform to instructor 

(xxi) Discard waste into appropriate place 

(xxii) Speak softly and avoid unnecessary movements around the lab to prevent distraction that may 

cause accidents 
(xxiii) On completion of lab, session, place all the cultures and materials in disposal area as designated 

by the instructor 

 

 

 

 

 

 

 

 

 

 

 



 

4 

 

 

 

 

INTRODUCTION TO BIO PROCESS ENGINEERING 

 

 

 

Bioprocess Engineering is defined as the process that uses complete living cells or their 

components (e.g., enzymes, chloroplasts) to effect desired physical or chemical changes. 

Bioprocess engineers can work in many fields like agriculture research and development, food 

processing companies, biotechnology firms, waste management sectors, fuel, and pharmaceutical 

industries. Bioprocess or fermentation technology is an important component of most 'old' and 

'new' biotechnology processes and will normally involve complete living cells (microbe, 

mammalian or plant), organelles or enzymes as the biocatalyst, and will aim to bring about 

specific chemical and/or physical changes in biochemical.. 

 

The most important applications of bioprocess-engineering research and development related to 

agriculture and food involve production of agricultural chemicals for control of animal and plant 

diseases, growth-stimulating agents for improved yield, and biological insecticides and herbicides; 

increasing bioprocess efficiencies for fermented foods, natural food additives, food enzymes as 

processing aids, and separation and purification of the products; use of plant-cell culture systems 

to produce secondary metabolites or chemical substances of economic importance; and efficient 

use of renewable biomass resources for production of liquid fuel and chemical feedstocks and 

efficient treatment and management of agricultural wastes and wastes from food-processing 

industries. 

KEY INDUSTRIES THAT USE BIOPROCESS ENGINEERING 

 

Bioprocess technology and its engineers are essential in every industry that relies on biomaterials 

or biological products. Bioprocess technology is the backbone of the biotechnology industry, 

translating scientific discoveries to industrial products. The pharmaceutical industry commonly 

employs bioprocess engineers to develop and organize manufacturing processes for novel drugs, 

pharmaceuticals, supplements like antibiotics, and vaccines, while the medical industry involves 

bioprocess development for biopharmaceuticals to generate a safe, effective, and stable product. 
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EXP NO:          DATE: 

    

  GROWTH KINETICS OF E.COLI IN A FERMENTOR VESSEL 

AIM 

 To study the growth of E.coli in a batch culture in a fermentor vessel. 

 

PRINCIPLE 

 

Batch culture is closed culture system which contains an initial, limited amount of nutrition. 

The inoculated culture will pass through a number of phase;  

a. After inoculation there is period during which it appear that no growth takes place, this 

period is referred to as the lag phase and may be considered as the time of adaptation. 

b. Following lag phase there is a period during which the growth rate of the cells gradually 

increase, the cell grow at a constant, maximum rate and the period is known as Log or 

exponential phase. 

 

At this phase dx/dt = µx – (1) 

X = biomass conc.  

t  = time in hrs. 

µ = specific growth rate hr-1 

 

On integrating (1) 

 

 Xt = Xo. e -µt 

 

 This is the equation for microbial growth in the exponential phase, 

 

 Xo = initial biomass concentration 

 Xt = biomass concentration after time t. 

 T   = time 

On taking ln 
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   lnXt = ln Xo + µt 

 A plot of ln x Vs t gives straight line with slope µ. 

    (or) 

 

   µ = (lnX2 –lnX1) / (t2-t1) 

Also, the biomass concentration can be proportional to the OD of the culture at 600nm. 

 

µ = (lnOD2 –lnOD1) / (t2-t1) 

 

 Following log phase is the decelerating phase and stationary phase, where the growth is 

almost constant w.r.t time. On depletion of nutrients this phase is followed by declining growth 

phase where growth occurs but the death rate is greater. 

 The yield coefficient: Yx/s = ▽x/▽s  =  Xo – X/SR – S 

 

X = concentration of biomass 

SR = initial substrate concentration 

S = Residual substrate concentration 

 

PROCEDURE 

 

 A sterilized fermentor was used with 1.5L media.  Known volume of the culture (5%) was 

inoculated into the vessel through a peristaltic pump. Some sample was taken for analysis at time 

 t = 0. The sample was checked at 600nm using media as blank. Thus OD is the biomass 

concentration. Then the sample was checked for residual glucose through DNSA method. The 

analysis was done for different samples taken at different time intervals. 

 

DNSA Method  

1. 0.5 ml to 3 ml of 0.3 mg/ml of stranded glucose solution was taken in test tubes are labeled 

as s1,s2,………….s5 to s6. 

2. It was made up to 3 ml with distilled water. 
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3. 3 ml of distilled water was taken as blank and 3 ml of DNSA solution was added to all the 

test tubes. 

4. Then the test tubes were covered with paraffin film. 

5. The tubes were placed in water bath at 90 for 10 to 15 minutes until red brown colour 

develops. 

6. 1 ml of 40% potassium sodium tartarate solution was added to sterilize the colour. 

7. After cooling to room temperature in a cold water bath. The absorbance was recorded 

using spectrophotometer. 

 

OBSERVATION:  

The batch culture in the fermentor vessel was studied.  The trend of growth was seen 

with initial log phase followed by the log phase and the stationary phase. The max. sp. Growth rate 

= ------------------------ with the doubling time as--------------------- minutes.  

Tabulation-I 

 

Time  

(Min) 

OD at 

600 nm 

Dry Cell 

wt (X) 

Residual 

Substrate 

(S) 

mg/ml 

ln OD Sp.Growth 

rate (µ) 

Yield  

(Yx/s) 

Doubling 

time(td) 
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Tabulation-II 

S.N

o. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of glucose (ml) - 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume of distilled water 

(ml) 

3.0 2.5 2.0 1.5 1.0 0.5 - 

3.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Incubate in water bath at 90ᵒC 

4.  Volume of sodium 

potassium tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

5.  Optical density at 600 nm.        

 

 

 

RESULT 

 The batch fermentation process was studied and the following parameters were found: 

 

Specific growth : µ =………………     (by calculation) 

     µ =………………. (by graph) 

Doubling time  :……………………. 

  

Yield coefficient :……………………. 

 

GRAPH 

1.Standard graph, 2.OD vs Time, 3.ln OD vs time, 4.Yeild vs time, 5.OD and RS vs time 
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ESTIMATION OF MONOD KINECTIC PARAMETERS 

 

AIM 

 

 
THEORY 
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EXP NO:          DATE: 
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EXP NO.         DATE: 

 

ENZYME IMMOBILIZATION BY ENTRAPMENT IN CROSS LINKED GELATIN GEL 

 

 

AIM 

 

To study the cross linked gelatin gel entrapment technique of enzyme immobilization 

 

THEORY 
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RESULT 

 
              Thus the enzyme amylase was immobilized by entrapping in crosss linked gelatin gel. 
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EXP NO:          DATE: 

 

 

EFFECT OF TEMPERATURE ON ENZYME ACTIVITY 

 

AIM 

To study the effect of temperature on activity of α-amylase enzyme and to find optimum 

temperature (Topt), activation energy (Ea) . 

 

THEORY 

 

The velocity of enzyme reaction increases when temperature of the medium is increased, reaches a 

maximum and then decreases due to denaturation. Temperature at which maximum amount of 

substrate is converted into product is called the optimum reaction time for that enzyme. As 

temperature is increased, more molecules get activation energy or the molecules at increased rate 

of motion, so the reaction velocity is enhanced. Denaturation of tertiary structure of protein occur, 

when temperature is more than 50◦C.so activity of enzyme is decreased. 

 

According to Arrhenius equation, effect of temperature on enzyme activity (reaction rate) 

is given by 

Ka = Ae-Ea/RT……..(1) 

Where, A is Arrhenius constant; Ea is the activation energy in joule/μmol; Ka is deactivation rate 

constant in min-; R is gas constant (8.314*10-6 joule/μmol K); T is temperature in K. 

 

MATERIALS REQUIRED: 

Equipments 

 Beakers 

 Graduated Cylinder 

 Balance 

 Pipette  
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 Calorimeter. 

 

REAGENTS 

 

 Enzyme alpha amylase solution 

 Starch (10gm/l) 

 Rochelle’s salt (40%) 

 DNS Reagent: Dissolve by stirring 1g Dinitosalicylic acid, 200 mg of crystalline Phenol 

and 50 mg sodium sulphite in 100 ml of 1% NaoH, store at 4 ◦C. 

PROCEDURE: For Standard 

 

1.  0.5 ml to 3 ml of 0.3 mg/ml of stranded glucose solution was taken in test tubes are 

labeled as s1,s2,………….s5 to s6. 

2. It was made up to 3 ml with distilled water. 

3. 3 ml of distilled water was taken as blank and 3 ml of DNSA solution was added to all the 

test tubes. 

4. Then the test tubes were covered with paraffin film. 

5. The tubes were placed in water bath at 90 for 10 to 15 minutes until red brown colour 

develops. 

6. 1 ml of 40% potassium sodium tartarate solution was added to sterilize the colour. 

7. After cooling to room temperature in a cold water bath. The absorbance was recorded 

using spectrophotometer. 

 STUDY OF TEMPERATURE EFFECT: 

1. 1% starch solution was prepared using phosphate buffer. 

2. 0.5 ml of 1 % substrate solution in test tubes labelled S1-S6 was taken. 

3. 1 ml of distilled water was taken in all test tubes. 

4. 1.5 ml of distilled water alone serve as blank. 

5. 1.5 ml of α-amylase solution was added in all test tubes. 

6. The test tubes were incubated at various temperature ranging from 20ᵒC- 70ᵒC for 10 

minutes. 

7. 3 ml of DNS was added to all the test tubes and covered with paraffin film. 
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8. The test tubes were placed in water bath at 90ᵒC for 10 min until red brown colour 

develops. 

9. 1 ml of 40% potassium sodium tartarate solution was added to stabilize the colour. 

10. After cooling to room temperature in a cold water bath. Absorbance was recorded at 

575 nm. 

11. The graph was plotted between temperature and optical density to find out optimum 

temperature. 

Tabulation-I For standard 

S.N

o. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of glucose (ml) - 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume of distilled water 

(ml) 

3.0 2.5 2.0 1.5 1.0 0.5 - 

3.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Test tubes were incubated in water bath at 90ᵒC 

4.  Volume of sodium 

potassium tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

5.  Optical density at 575 nm.        

Tabulation-II For sample 

S.N

o. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of starch solution 

(ml) 

- 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume of distilled water 

(ml) 

3.0 2.5 2.0 1.5 1.0 0.5 - 

3.  Volume of  α-amylase (ml) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Test tubes were incubate at various temperature for 10 min 
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4.  Temperature (ᵒC) 30 20 30 40 50 60 70 

5.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Test tubes were incubated in water bath at 90ᵒC for 15 minutes 

6.  Volume of sodium 

potassium tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

7.  Optical density at 575 nm.        

 

 

Tabulation-III 

 

Temperature 

◦c 

 

 

Absorbance 

 At 575 nm 

 

Conc. Of Starch (g/l) 

 

Rate of reaction 

(mol/ml. min) 

30 

20 

30 

40 

50 

60 

70 

   

 

Tabulation –IV Graph Plot 

 

ln V 1/t 
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RESULT: 

 

The effect of temperature on activity of α-amylase enzyme was studied and 

Optimum temperature (Topt)   = ……..……ºC, 

Activation energy         (Ea)    = ………….. joule/μmol. 
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EXP NO:          DATE: 

 

EFFECT OF pH ON ENZYME ACTIVITY 

 

AIM 

 

To study the effect of pH on α-amylase activity and to find optimum pH 

 

THEORY 

Enzymes are amphoteric molecules containing a large acid and basic groups, mainly 

situated on their surface. The charges on this group will vary according to their acid dislocation 

constants and with the pH of their environment. This will affect the total net charge of the enzyme 

and their distribution of charge on their surface, in addition to the reactivity of the catalytic active 

group. These effects are especially important in the neighborhood of the active site. Take together 

the changes in the charges with pH effect at the activity, structural stability and solubility of the 

enzyme. 

There will be pH characteristics of each enzyme at which the net charge on the molecule is zero. 

This is called the isoelectric point [PI] at which enzyme generally has minimum (stability) 

solubility in aqueous solution. In a similar manner to effect on enzyme, the charge and charge 

distributions on substrates products and coenzymes will also be affected by pH changes. 

Increasing hydrogen ion concentration will increase the successful competition at hydrogen ion for 

any metal cationic binding sites on the enzyme reducing the bound metal cation concentration. 

DecreasingH2 ion concentration, on the other hand, leads to increasing hydroxyl ion concentration, 

which compete against the enzyme ligands for divalent and invalentcations causing their 

conversion (to ligands) to hydroxides and at very high hydroxyl ion concentration, their complete 

removal from free enzyme. 

 

MATERIALS AND METHODS: 

Equipments 

 Beakers 

 Graduated cylinder 

 Balance 
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 Pipe 

 Syringe. 

Reagents 

 Enzyme: alpha amylase solution. 

 Starch (10g/L) solution. 

 Rochelle’s salt (40%). 

 DNS Reagent: Dissolve by stirring 1g Dinitrosalicylic acid, 200 mg of crystalline Phenol 

and 50 mg sodium sulphite in 100 ml of 1% NaoH, store at 4 ◦C. 

 

PROCEDURE: FOR STANDARD 

1. 0.5 ml to 3 ml of 0.3 mg/ml of stranded glucose solution was taken in test tubes are labeled 

as s1,s2,………….s5 to s6. 

2. It was made up to 3 ml with distilled water. 

3. 3 ml of distilled water was taken as blank and 3 ml of DNSA solution was added to all the 

test tubes. 

4. Then the test tubes were covered with paraffin film. 

5. The tubes were placed in water bath at 90 for 10 to 15 minutes until red brown colour 

develops. 

6. 1 ml of 40% potassium sodium tartarate solution was added to sterilize the colour. 

7. After cooling to room temperature in a cold water bath. The absorbance was recorded 

using spectrophotometer. 

PROCEDURE-SAMPLE 

1. A pH buffer solution ranging from pH 4.9 in increment of pH unit was prepared with 

starch solution (10 gm/l) was prepared. 

2. α-amylase enzyme solution was added in various pH buffers. 

3. Reaction of 10 minutes was allowed and then 3 ml of DNSA solution was added to each 

test tubes. 

4. The mixture was kept in a water bath at 90ᵒC for 15 min. 

5. The reaction mixture was cooled and then colour absorbance was measured at 575 nm after 

the addition of 1 ml of sodium potassium tartarate. 
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Tabulation-I For standard 

S.N

o. 

Particulars B S1 S2 S3 S4 S5 S6 

6.  Volume of glucose (ml) - 0.5 1.0 1.5 2.0 2.5 3.0 

7.  Volume of distilled water 

(ml) 

3.0 2.5 2.0 1.5 1.0 0.5 - 

8.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Test tubes were incubated in water bath at 90ᵒC 

9.  Volume of sodium 

potassium tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

10.  Optical density at 575 nm.        

 

Tabulation-II For sample 

S.N

o. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  pH of the solution 4 4 5 6 7 8 9 

2.  Volume of starch solution  

10 gm/l (ml) 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 

3.  Volume of  α-amylase 0.5 

gm/l (ml) 

- 0.5 0.5 0.5 0.5 0.5 0.5 

              Test tubes were incubate at room temperature for 10 min 

4.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

            Test tubes were incubated in water bath at 90ᵒC for 15 minutes 

5.  Volume of sodium 

potassium tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

6.  Optical density at 575 nm.        
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Tabulation-III Graph plot 

 

pH   V 

 Rate of reaction 

(mg/ml.min) 

4 

 

5 

 

6 

 

7 

 

8 

 

9 
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RESULT: 

 

 The optimum pH that favored α-amylase activity was found to be……… 
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EXP NO:          DATE: 

 

                        Enzyme Immobilization Kinetics – Gel Entrapment 

 

AIM: 

To determine the Michael Menton equation Km and Vm from enzyme immobilization 

technique using entrapment in sodium alginate gel. 

PRINCIPLE 

Entrapment is the physical enclosure of enzymes in a small space. Matrix entrapment and membrane 

entrapment, including micro-encapsulation are the two major methods of entrapment. Matrices used for enzyme 

entrapment are usually polymeric materials such as calcium alginate, agar, carangeenin, polyacrylamide and 

collagen. When immobilized in a polymer matrix, enzyme solution is mixed with polymer solution 

before polymerization takes place. Calcium alginate is just as widely used as polyacrylamide. This is the most 

commonly used method is entrapment in calcium alginate beads. This method does not alter the chemical 

nature of enzyme. 

Sodium alginate + Enzyme + Calcium chloride 

↓ 

Calcium alginate beads entrapped with enzyme. 

Unlike polyacrylamide gels, gelation of calcium alginate does not depend on the formation of more 

permanent covalent bonds between polymer chains. Rather, polymer molecules are cross-linked by calcium 

ions. Because of this, calcium alginate beads can be formed in extremely mild conditions, which ensure that 

enzyme activity yields of over 80% can be routinely achieved. However, just as easily as calcium ions can be 

exchanged for sodium ions, they can also be displaced by other ions. This property can both be advantageous 

and disadvantageous. If needed, enzymes or microbial cells can be easily recovered by dissolving the gel in a 

sodium solution. On the other hand, proper caution must be exercised to ensure that the substrate solution does 

not contain high concentrations of those ions that can disintegrate the gel. 

 

MATERIALS REQUIRED: 

Erlenmeyer flasks, Beakers, Pipettes, Test tubes, Temperature bath, Spectrophotometer, alpha-amylase, 

0.2 M Calcium chloride, 3 % sodium alginate, DNS and 1% starch solution. 
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PROCEDURE: FOR STANDARD 
 

1. 0.5 ml to 3 ml of 0.3 mg/ml of stranded glucose solution was taken in test tubes are labeled as 

s1,s2,………….s5 to s6. 

2. It was made up to 3 ml with distilled water. 

3. 3 ml of distilled water was taken as blank and 3 ml of DNSA solution was added to all the test 

tubes. 

4. Then the test tubes were covered with paraffin film. 

5. The tubes were placed in water bath at 90 for 10 to 15 minutes until red brown colour 

develops. 

6. 1 ml of 40% potassium sodium tartarate solution was added to sterilize the colour. 

7. After cooling to room temperature in a cold water bath. The absorbance was recorded using 

spectrophotometer. 

 

 PROCEDURE FOR IMMOBILIZATION KINETICS: 

1. Dissolve 30 gm sodium alginate in 1 l for 3% solution. 

2. Mix approximately 0.015 gm of enzyme with 10 ml of 3 % sodium alginate solution. 

3. The beads are formed by dipping the polymer solution from s height approximately 20 cm into a 100 

ml of 0.2 molarities calcium chloride solution with a syringe and needle at a room temperature. 

4. Leave the beads on calcium solution for 0.5 – 3 hrs. 

5. 10 test tubes were taken and test tubes were marked 0 to 10. 

6. 1 % starch solution was prepared at various concentration of starch solution was taken in all test tubes. 

7. The starch solution was not added in the blank. 

8. Varying volume of distilled water was added and final volume of reaction mixture was 2 ml. 

9. 2 ml of distilled water was added in the blank. 

10. 1 gm of immobilizes enzyme was added including blank in all test tubes. 

11. The test tubes were incubated at room temperature for 20 mins. 

12. 2 ml of DNSA reagent was added to each test tubes and they were kept in boiling water bath for 15 

min. 

13. 1 ml of Rochelle salt (sodium potassium tartarate) was added. 

14. And optical density was recorded at 575 nm. 
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Tabulation-I For standard 

S.No

. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of glucose (ml) - 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume of distilled water (ml) 3.0 2.5 2.0 1.5 1.0 0.5 - 

3.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Test tubes were incubated in water bath at 90ᵒC 

4.  Volume of sodium potassium 

tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

5.  Optical density at 575 nm.        

 

Tabulation-II For sample 

S.No

. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of starch solution  

1% (mg/ml) 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 

2.  Volume of  α-amylase 0.5 gm/l 

(ml) 

- 0.5 0.5 0.5 0.5 0.5 0.5 

Test tubes were incubate at room temperature for 10 min 

3.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Test tubes were incubated in water bath at 90ᵒC for 15 minutes 

4.  Volume of sodium potassium 

tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

5.  Optical density at 575 nm.        
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TABULATION III 

 

 

 

 

 

 

 

 

 

 

PLOTS 

 

1. Standard graph 

2. [S] Vs V 

3. 1/[S] Vs 1/V. 

 

RESULT 

Effect of immobilization of α-amylase enzyme using calcium alginate was studied and the 

              Maximum reaction rate (Vmax) for free enzyme     = ……………… μmol/ml.sec 

              Maximum reaction rate (Vmax) for Imm’d enzyme = ……………… μmol/ml.sec 

               Effectiveness factor (η)                                             = …………….. 

 

 
 
 

 

    

Substrate 

[S] mg/ml 

Velocity 

V(mg/ml 

min) 

1/[S] 

ml/mg 

1/V  

ml min/mg. 
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EXP NO:                       DATE: 

 

              ENZYME KINETICS – MICHAELIS-MENTEN PARAMETERS 

AIM: 

To study the Michaelis-Menten kinetics of α-amylase enzyme and hence to determine Vmax and Km 

using L-B plot, E-H plot, H-W plot. 

THEORY: 

Kinetics of simple enzyme catalyzed reactions is referred to as MichaelisMenten kinetics or 

saturation kinetics. These models are based on data from batch reaction weight constant volume in 

which the initial substrate (So) and enzyme (Eo) concentration are known. Saturation kinetics can be 

obtained from a simple reaction scheme that involves a reversible step for enzyme – substrate 

complex formation and a dissociation step of the ES complex. 

MichaelisMenten equation for steady state kinetics approximation is 

 

Where  Vmax – velocity of enzyme reaction of saturating substrate concentration 

S - Substrate concentration 

Km  -MichelisMenten constant, measure of affinity of enzyme for substrate 

Km  = [S] at V = Vmax /2 from the graph V versus [S]. 

Lineweaver – Burk plot: 

If is the reciprocal of MichaelisMenten approximation, A plot of 1/V versus 1/[S] gives slope of 

Km/Vmax; and Y-intercept of 1/Vmax and X intercept of -1/Km. 

Eddie – Hofstee plot: 

A plot of V versus s V/[S] results in a line of slope –Km and y-intercept of Vmax and X intercept of Vmax 

/Km. 

Hanes – Woolf plot: 

A plot of [S]/V versus [S] results in a line of slope 1/ Vmax ; Y intercept of Km/ Vmax ; X intercept of –

Km. 

In this experiment, the glucose formed can be estimated calorimetrically using GOD/POD kit. 

MATERIALS REQUIRED: 

 

Starch Solution (1 %), DNS, Test tubes, pipette, spectrophotometer and α-amylase. 
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PROCEDURE-FOR STANDARD 

 

1. 0.5 ml to 3 ml of 0.3 ml mg/ml of standard glucose solution was taken in test tubes are labeled 

as s1, s2,………………to s6. 

2. It was made upto 3 ml with distilled water. 

3. 3 ml of distilled water was taken as blank and 3ml of DNSA solution was added to all the test 

tubes. 

4. Then the test tubes were covered with paraffin film. 

5. The test tubes were placed in water bath at 90οc for 10 to 15 minutes until red brown color 

develops. 

6. 1 ml of 40% potassium sodium tartrate solution was added to sterilize the color. 

7. After cooling to room temperature in a cold water bath, the absorbance was recorded at 600 

nm using spectrophotometer. 

PROCEDURE-FOR SAMPLE 

 Prepare 10 ml of 1% starch solution (10 mg/ml). Take 7 test tubes and mark them B,S1 to S6. ”B” as blank. 

 Add aliquots of 0.5 ml to 3 ml of 1% starch solution to test tubes labeled S1 to S6. Don’t add starch 

solution to the tube’B’ 

 Add varying volumes of distilled water and raise the final volume of the reaction mixture to 3 ml and add 3 

ml of distilled water to blank (B). 

 Add 3 ml of α-amylase enzyme solution (10 mg/ml) in each tube including blank. 

 Mix well and keep the test tubes at 35 – 37 ºC for 10 minutes. 

 Add 0.5 ml 0.1 N HCl solution to stop the enzymatic digestion process. 

 Find the amount of glucose formed by α-amylase using DNS method. 

 Find reaction rate in μmol/ml.sec (V) which is equal to d[P]/dt. 

 Plot a graph between reaction rate (V) and substrate concentration [S], and (Lineweaver Burk plot) 

reciprocal of substrate concentration (1/[S]) and reciprocal of reaction rate (1/V). 

 Find the values of Vmax and Kmfrom graphs. 
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Tabulation-I (For Standard) 

S.NO PARTICULARS  B S1 S2 S3 S4 S5 S6 

1 

 

2 

 

 

3 

Volume of glucose  

(ml) 

Volume of distilled 

water(ml) 

Volume of DNS 

- 

 

3 

 

 

3 

0.5 

 

2.5 

 

 

3 

1.0 

 

2.0 

 

 

3 

1.5 

 

1.5 

 

 

3 

2.0 

 

1.0 

 

 

3 

2.5 

 

0.5 

 

 

3 

3.0 

 

- 

 

 

3 

Incubate in water bath at 90ο c for 15 minutes 

4 

 

 

 

5 

Volume of sodium 

potassium 

tartarate(ml) 

Optical density at 

600 nm  

1 1 1 1 1 1 1 

Tabulation-I(For Sample) 

S.NO PARTICULARS  B S1 S2 S3 S4 S5 S6 

1 

 

2 

 

 

3 

Volume of Starch 

solution  (ml) 

Volume of distilled 

water(ml) 

Volume of α-

amylase (ml) 

- 

 

3 

 

 

3 

0.5 

 

2.5 

 

 

3 

1.0 

 

2.0 

 

 

3 

1.5 

 

1.5 

 

 

3 

2.0 

 

1.0 

 

 

3 

2.5 

 

0.5 

 

 

3 

3.0 

 

- 

 

 

3 

Incubate the tubes in room temperature for 10 minutes 

4 Volume of DNS 

(ml) 

3 3 3 3 3 3 3 

Test tubes were incubated at 90οC for 15 mins 

5 

 

 

 

6 

Volumeof sodium 

potassium 

tartarate(ml) 

Optical density at 

600 nm  

1 1 1 1 1 1 1 
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Model Graph 

 

PLOTS: 

To find Vm and Km, 

1. L-B Plot (1/v Vs 1/s) 

2. E-H Plot (V Vs V/[s]) 

3. H-W Plot ([s]/V Vs [s])  

RESULT: 

The Michael’s menton parameters Vmax and Km was calculated from the following plots, 

1. From L-B Plot  

Km =…………………    , and   Vmax= …………….. 

2. From E-H Plot, 

Km=…………………., and   Vmax= …………….. 

3. From H-W Plot 

 

Km=…………………., and   Vmax= …………….. 
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          EXP NO:               DATE: 

 

ENZYME INHIBITION 

AIM 

 

To study the effects of inhibitor on invertase enzyme and to find the type of inhibition. 

 

THEORY 

Enzyme Inhibition  

Enzyme inhibitors act to decrease the rate of an enzyme reaction. The following are examples of 

enzyme inhibition:  

Competitive inhibition occurs when the inhibitor molecule binds to the active site of the enzyme. As 

a result, the substrate and inhibitor compete for the same spot. Competitive inhibition can be 

overcome by increasing the substrate concentration so that it is much greater than the inhibitor 

concentration.  

Uncompetitive inhibition, however, occurs when the inhibitor molecule binds to a site on the enzyme 

other than the active site and results in a conformational change of the enzyme resulting in an inability 

to bind the substrate. Thus, inhibition is not removed by increasing substrate concentration because 

they are not competing for the same spot.  

Noncompetitive inhibitionoccurs when the inhibitor binds both the active site of the enzyme and the 

enzyme‐substrate complex. One way to measure the degree of inhibition is by calculating the inhibitor constant 

Ki, which is the concentration of inhibitor that causes a 2 fold increase in the slope of the 1/(substrate 

concentration) versus 1/(velocity) plot, also known as the Lineweaver‐Burk plot.  
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MATERIALS REQUIRED 

1. Yeast solution 1 gm in 100 ml of buffer 

2. Copper sulphate solution 0.1 M (stock solution) 

3. Sucrose solution 5% 

4. Glucose solution 1 mg/ml (for standard). 

5. Dinitrosalicylic acid 

6. Sodium potassium tartarate 

 

PROCEDURE  

 

1. Prepare 0.1 M copper sulphate solution and measure the ranges of various concentrations by diluting it 

with water (ranging from 0.2 mM to 10 mM) 

2. The total amount should be 2 ml.th at 90 

3. Take two sets of five test tubes. 

4. To each test tube of set one add 0.5, 1.0, 1.5, 2.0, 2.5 ml of 5% sucrose solution. 

5. Make up the volume to 3 ml using buffer. 

6. To each test tube of set two add 0.5, 1.0, 1.5, 2.0, 2.5 ml of 5% sucrose solution followed by the given 

volume of the inhibitor copper sulphate solution. 

7. Make up the volume to 3 ml using buffer 

8. To each test tube of both the sets add 3 ml of invertasse. 

9. Incubate for 10 min at 37˚ C 

10. Then add 3 ml of dinitrosalicylic acid. 

11. Place the test tubes in water bath at 90 ˚ C for 10-15 min. 

12. Add 1 ml of sodium potassium tartarate to all the test tubes. 

13. After cooling to room temperature in a cold water bath read the absorbance in a spectrophotometer at 

575 nm. 

 

FOR STANDARD PLOT 

1. 0.5 ml to 3 ml of 0.3 mg/ml of stranded glucose solution was taken in test tubes are labeled as 

s1,s2,………….s5 to s6. 

2. It was made up to 3 ml with distilled water. 

3. 3 ml of distilled water was taken as blank and 3 ml of DNSA solution was added to all the test 

tubes. 

4. Then the test tubes were covered with paraffin film. 
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5. The tubes were placed in water bath at 90 for 10 to 15 minutes until red brown colour 

develops. 

6. 1 ml of 40% potassium sodium tartarate solution was added to sterilize the colour. 

7. After cooling to room temperature in a cold water bath. The absorbance was recorded using 

spectrophotometer. 

 

TABULATION-I FOR STANDARD 

S.No

. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of glucose (ml) - 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume of distilled water (ml) 3.0 2.5 2.0 1.5 1.0 0.5 - 

3.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Test tubes were incubated in water bath at 90ᵒC 

4.  Volume of sodium potassium 

tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

5.  Optical density at 575 nm.        

 

TABULATION-II WITHOUT INHIBITOR 

S.No

. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of 5 % sucrose 

solution (ml) 

- 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume Buffer (ml) 3.0 2.5 2.0 1.5 1.0 0.5 0.25 

3.  Volume of  Invertase (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Incubate at room temperature for 10 mins 

4.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

            Test tubes were incubated in water bath at 90ᵒC for 15 minutes 
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5.  Volume of sodium potassium 

tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

6.  Optical density at 575 nm.        

 

 

TABULATION-II WITH INHIBITOR 

S.No

. 

Particulars B S1 S2 S3 S4 S5 S6 

1.  Volume of 5 % sucrose 

solution (ml) 

- 0.5 1.0 1.5 2.0 2.5 3.0 

2.  Volume of CuSO4 (ml) 3.0 2.5 2.0 1.5 1.0 0.5 0.25 

3.  Volume of buffer (ml) 3.0 2.5 2.0 1.5 1.0 0.5 0.25 

4.  Volume of  Invertase (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Incubate at room temperature for 10 mins 

5.  Volume of DNS (ml) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

            Test tubes were incubated in water bath at 90ᵒC for 15 minutes 

6.  Volume of sodium potassium 

tartarate (ml) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

7.  Optical density at 575 nm.        

 

CALCULATION TABLE 

S.No Sample [S] 

mg/ml 

1/[S] 

ml/mg 

Concentration 

from standard 

curve mg/ml 

V  

mg.ml-1 

.min-1 

1/V  

ml.min.mg-1 

Without 

inhibitor 

 

 

 

 

     

With 

inhibitor 
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RESULT  

The effects of enzyme inhibition was studied and the results are 

1. The Km value of the enzyme ………………... 

I. With inhibitor 

II. Without inhibitor 

2. The Vm value of the enzyme  

I. With inhibitor 

II. Without inhibitor 

3. Type of inhibition 
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EXP NO:          DATE: 
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EXP NO.           DATE: 

 

YOGURT FERMENTAION WITH LACTOBACILLUS CULTURES 

 
 AIM 

 
To demonstrate the use of microorganism in food processing by using yogurt as an example 

 
THEORY 
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RESULT 
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EXP NO.                                DATE: 

 

WINE PRODUCTION 

 
    AIM 

               To become acquainted with wine production by fermentative activites of yeast cells 

 
     THEORY 
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RESULTS 

 

                     Wine production by the fermentation activities of yeast cells was acquainted 
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EXP NO.           DATE: 

PRODUCTION OF AMINO ACID 

 
       AIM 

 

                      To produce and estimate the Glutamic acid using Bacillus subtilis 
 
     THEORY 

 
            Amino acids react with ninhydrin to give a colored complex called hydrindantin ammonia and    

            carbondioxide. The amount of hydrindantin produced is equal to the amount of amino acid  

            present In the solution 

 

 
        MEDIA COMPOSITON 

 
 Glucose – 20 g    

 Ammonium chloride – 20 g 

 KH2PO4 – 1 gm 

 MgSO4- 0.5 gm 

 Distillated water – 1 litre 

 pH, 0.5% CaCO3 was sterilized separately 
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       RESULT: Thus amino acid is produced by the above method using Bacillus subtilis. 
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FERMENTOR 

OBJECTIVES OF FERMENTOR 

The objectives include the production of metabolites, enzymes, microbial biomass and 

recombinant product. 

IDEAL PROPERTIES OF A FERMENTOR 

 A fermentor should be made of a good quality material that can withstand all the conditions 

inside the vessel. 

 It should give high productivity. 

 It should be able to handle the stream sterilization pressure. 

 There should be all the control parameters to monitor the fermentation process like pH 

electrode, temperature probe etc. 

 A material used in the fermentor should be cheap that could give satisfactory results. 

Basic Elements 

Basic components are necessary for the construction of fermentor, which involves: 
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Top-plate: It is the cover that is generally made of stainless steel. 

Inoculation pipe: It helps to port the inoculum inside the fermentor. 

Drive motor: It drives the impeller shaft. 

Impeller shaft: Holds the agitator centrally. 

Impeller: Acts as an agitating device for mixing up the nutrients and microorganisms uniformly. 

Stirrer: Mixes the gas bubbles throughout the liquid culture medium. 

Baffle: Prevents the counterflow or vortex formation by breaking down the gas bubbles to 

improve aeration efficiency. 

Sparger: It supplies oxygen into the culture medium through the perforated tubes. 

Drain point: Withdraws cells or medium for the continuous fermentation. 

Cooling jacket: It is fitted externally to the fermentation vessel which allows the passage of 

steam or cold water to balance the heat generated during the process. 

Controlling Elements 

Controlling elements monitor the parameters like (temperature, pH, acid, bases, oxygen supply, 

pressure etc.) that are necessary for the product formation and it includes: 
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Pt-100: Monitors the temperature in the culture vessel. 

Foam probe: It senses foam formation. 

pH electrode: Monitors the pH in the culture vessel. 

Oxygen sensor: Maintains the dissolved oxygen content level. 

Heating pad: Provides heat to the medium. 

Cold finger: It is a pipe that passes cold water inside a vessel to cool the contents. 

Rotameter: Provides variable airflow into the culture vessel. 

Pressure valve: Maintains the pressure. 

Air pump: Supplies air throughout the medium. 

Peristaltic pump: It pumps acid, base and antifoam into the medium. 

 

PROPERTIES OF A FERMENTOR 

 It should be reliable for long-term operation. 

 A fermentor should be capable of being operated aseptically or should provide sterile 

conditions. 

 The bioreactor provides adequate aeration and agitation for uniform mixing of the contents in 

the vessel. 

 It should consume less power. 

 A fermentor must be equipped with controlling probes that can maintain the temperature, pH, 

oxygen level etc. 

 It facilitates the passage of inoculum and media into the vessel. 

 A bioreactor does not allow excessive evaporation loss. 

 It minimizes the labour input for the operation, harvesting, cleaning and maintenance. 

 

Types of Fermentor 

A fermentor is mainly of five types: 

1. Stirred tank fermentor 

2. Airlift fermentor 

3. Fluidised bed fermentor 

4. Packed bed fermentor 

5. Photo fermentor 

 

Batch fermentation 

 

In batch fermentation, a closed system where an initial and limited amount of sterilized mediuis 

introduced into a fermenter. The nutrient medium is inoculated with the microorganism and kept 

for incubation for a definite period under optimum conditions. Oxygen is provided in the form of 

air and pH is controlled by acid, base or any antifoaming agent, are being added during 

fermentation process. During fermentation a change in the composition of the culture medium 
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(biomass and metabolites) as the microbes undergo different phases of growth and metabolism. 

The culture broth is harvested, separated and purified when the desired product is formed. 

Batch fermentation are widely used in primary and secondary metabolites production under 

definite culture conditions that supports the fastest growth rate and the maximum growth could 

be utilized for the biomass production. In order to obtain optimum yield of primary metabolites, 

prolongation of exponential growth phase is required whereas it should be 
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