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Preface 

Milk proteins are complex macromolecules and play an important role in the 

assessment and maintenance of quality and stability of milk and milk products. During 

conducting of training and practical of post graduate students, a need was felt for a 

manual on 'milk proteins' covering all the topics relevant for the course under one place, 

as no single volume covered all aspects and experiments. Therefore. the focus of this 

manual is to provide detail practical guidelines on purifying milk proteins at laboratory 

scale as well as various conventional methods for their analysis. Graphic illustrations and 

simplified protocols will address the bench problems faced by students and research 

scholars. This manual will also he useful for dairy industry, manufacturing value added 

milk products such as edible casein and whey protein products, in monitoring the quality 

and meeting the legal standards of finished products. 

Authors acknowledge the help rendered by students Ms Aparna Gupta, Laxman Naik and 

Shaikh Mahaboob in the preparation of this manual. 

Authors express their thankfulness to the Joint Director (Academics) and Registrar, 

N.D.R.I. Deemed University for providing funds from the scheme on strengthening the 

post graduate educational programme at leAR institutes. Support and encouragement 

from Director, National Dairy Research Institute, Kamal for this venture is duly 

acknowledged. 

March,2007 Authors 
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Experiment 1 Preparation of whole casein 

Principle: Casein, a group of milk specific phosphoprotein exists as a colloidal 

aggregates or micelles and can be separated from skim milk by acidification to its 

isoelectric point (PH 4.6). Between pH 6.6 and 5.5, casein micelles are unifonnly 

distributed in solution. Below pH 5.5. calcium phosphate is released, reducing its binding 

role to the extent that ~-casein and k-casein are substantially released from the micelle. 

At about pH 5.2 the micellar framework of ClsI-CN and o.s2-CN form extensive fields of 

aggregated structures. From pH 5.2 to 4.8 the aggregation stage is followed by 

consolidation phase. Finally between pH 4.8 and 4.5 rearrangement and aggregation of 

these particles occur as casein curd. 

Reaction: 

H2N-R-COO' + H' 
casein micelle 
(pH = 6.6) 
Colloidal dispersion 

'HlN-R-COO'+ OR-

acid casein 
(PH = 4.6) 
Insoluble particles 

Sample: Skim milk 

Apparatus and Reagents: 

-> 'lliN-R-COO 
acid casein 
(PH = 4.6) 
Insoluble particles 

H2N-R-COo- + H20 

caseinate 
(PH = 6.6) 
Solution (Na caseinate) 

Glass beaker: 500 ml; Measuring cylinder: 250m!; Stirring rod; Spatula; Cheese cloth; 

Filter paper (rough); HCI (1M), NaOH (1M); Acetone; Petroleum ether; Mortar pestle; 

Magnetic stirrer. 

Procedure: 

I. Take 400m! sample of cow skim milk (dilute 1:1 for buffalo skim milk) in a 

beaker and adjust the temperature to 20° C. 

2. Add slowly 1M HCI with continuous stirring till the pH 4.6 is reached, 

3. As the clear precipitates of casein are formed, allow it to stand at room 

temperature for 30 min for clear separation. 



4. Separate the precipitated casein curd from the whey by filtering through four

layered cheesecloth. 

S. Wash the casein curd several times with cold distilled water and finally with 

warm distilled water, crumbling the curd into small particles to remove residual 

whey trapped in the curd mass. 

6. Disperse the casein in water by adding 1M NaOH, and stirring over magnetic 

stirrer, adjusting the pH to 6.9 - 7.0. 

7. Reprecipitate the casein by bringing the pH to 4.6 with 1M HC!. Collect the 

precipitate. 

8. Repeat Step 6 and 7 two times and freeze dry the casein or dry the casein after 

StepS as given in following Steps 9 -12. 

9. The casein curd is mixed with acetone in blender to break the lumps into fine 

particles. 

10. The acetone treated casein is mixed with solvent ether and blended to remove the 

traces of acetone. 

11 . Two washings are given with solvent ether. The remaining traces of ether are 

removed by filtering the'Casein through a buchnner funnel. 

12. The fine particles of casein thus obtained are spread on filter paper and air-dried. 

13. The yield of dry casein is recorded by taking weight. 

14. Calculate the percentage of casein in milk. 

Observations: 

Type of skim milk: 

Volwne of whey collected: 

Weight of wet casein: 

Weight of dry casein: 

Result: The yield of casein from given sample of milk is 
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Experiment 2 Fractionation of casein by differential solubility 

Principle: Urea based method for fractionation of casein is most commonly used to 

separate casein into individual fractions in substantially purified form. The principle 

underlying this method is based on differential solubility of casein fractions in different 
• 

solvent systems. Urea, a chaotropic agent disrupts the protein interactions, characteristic -of caseins and thereby solubilize it at 6.6 M urea concentration. 1C - CN is separated from -whole eN on acidification to pH 1.5, with sulfuric acid and is obtained in the supernatant 
• 

on dilution of dispersion to 2.2 M urea, while a$- and p-CN fractions are separated by re-

'"' solublizing the precipitates at 6.6 M urea concentration. The as-eN is precipitated by 
• • 

_dilution to 3.3 M urea, while, B-CN is separated from the resulting supernatant at 1M urea 

concentration. 

Sample: Acid casein as prepared in Experiment No.1 

Reagents: 

§ulfurie acid (7N): Mix 100ml of cone. sulfuric acid (H2S04) with 400ml of 

distilled water. To ~ w,... k. fl1 10 , . .r 
11 Sodium hydroxide solution (2 M): Dissolve 20g of sodiwn hydroxide (NaOH) 

pellets in 100 ml distilled water and ~ak:1f. the volwne to 250mi in a volumetric 

flask. r''''- C., r-rec.ipd.iX10"1. 
III Ammonium acetate (1M): Dissolve 7.7g ammonium acetate in 75% ethanol and 

makeup the volume to 100 ml in a volumetric flask. 

IV Ethanol (95%); Urea; Ammonium sulphate; Sodium chloride 

v Dialysis buffer: (IOmM ammonium acetate pH 7.0) -
Apparatus: 

Graduated beaker: 250ml, 500m!, 1000m! 

11 Beaker: 1000ml, 2000m!, 3000m! 

III Graduated pipettes: Iml, 5011, IOml,25m1 

IV FUJU1el: 200mm dia. 

v Measuring cylinder: 250m!, 500ml, 1000m! 

VI Filter paper (Whatman No. I) 

vii Preparative centrifuge; pH meter; Magnetic stirrer; Water bath 
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Procedure: 

Step I 

Separation ofk-casein: 

I) Dissolve 200 g of wet casein by addition of 200 g urea in a one litre graduated 

beaker and mix by stirring with glass rod till its dispersion. Note down the 

volume and mix additional water if required to make up the volume to 505 ml 

resulting in 6.6 M urea concentration. 

2) Bring the solution to room temperature and adjust the pH to 1.5 with 7 N H2S04. 

3) Dilute the solution to 2.2 M urea with 2-volumes of water in a three litre beak,$.r 

and allow it to stand for 2h. 

4) Centrifuge the contents at SOOO x g for 15 min. and ~ollect the supernatant ~ 

and precipitate (PI). 

5) k-casein is precipitated by addition of ammonium sulphate (IM)@13.2g / 100ml 

of supernatant (SI). Filter the contents through Whatman No 1 filter paper and -
collect the precipitate (P2) while discard the supernatant. -

6) Dissolve the precipitate ~ of k-caein by adding 2M NaOH and stir over 

magnetic stirrer till pH adjusted to 7.0j dialyse this k-casein solution extensively 

against several changes of distilled water. 

Purification ofk-casein: 

7) Take the dialyzed solution of crude k-casein and dilute it with 2 volumes of 

ethanol and add 1 M ammonium acetate in 75% ethanol until sticky precipitate 

formed. 

8) Centrifuge at 5000x g for 15 min. and resuspend k-casein precipitate in water and 

adjust the pH to 7.5 with 2 M NaOH over magnetic stirrer. 

9) Dialyse the solution of k-casein against IO mM ammonium acetate buffer and 

lyophilize. 

Step II 

Separation of a~- and (3- casein: 

I) Take the precipitate (PI) as obtained at Step I 
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2) Take the weight of this precipitate (containing 2.2 M urea) and re-suspend in 

equal amount of urea, mix it thoroughly until it is homogenous solution. Add 

water if required to get a 6.6 M urea concentration. 

3) Adjust llie pH to 4.5 with 1M HC!. 

4) Dilute the content to 3.3 M urea by addition of Ivolume water and allow it to 

stand for 30 min. then centrifuge at 5000 x g for 15 min. 

5) Collect the supernatant (S2) and the precipitate (P3). 

Step ill 

Preparation of B - Casein: 

1) Dilute the supernatant (S2) to 1 M urea by addition of 2.3 volume water and 

adjust the pH to 4.9 by addition of2 MNaOH. 

2) Warm to 30'C and centrifuge at 5000 x g. 30' C for 15 min. 

3) Collect the precipitate (P4) of ~ -<asein. 

Purification: 

4) Re-suspend ~ -casein precipitate (P4) in 6.6 M urea as described above. 

5) Adjust the pH to 4.5 with 1 M HC!. 

6) Dilute to 3.3 M urea by addition of 2 volumes water and cool to 4' C then 

centrifuge at 5000x g. 4'C for 15 min. 

7) Dilute the supernatant to 1 M urea by addition of2.3-volume water. 

8) Adjust the pH to 4.9 with 2 M NaOH. 

9) Warm the solution to 30' C and centrifuge at 5000x g. 30' C for 15 min. 

10) Collect the precipitates of JJ--casein, and disperse in water, adjust the pH to 7.0 

using 2N NaOH over magnetic stirrer and dialyze against ammonium acetate 

buffer and lyophilize. 

Step IV 

Preparation of a~ --casein: 

1) Take the precipitate (P3) as mentioned at STEP-Il and re-suspend it in 6.6 M urea 

as described in previous step. 

2) Adjust pH to 4.5 with 1 M HC!. 

3) Re-precipitate by dilution to 3.3 M urea with 1 volume water and centrifuge at 

5000 x g for 15 min. 
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4) Re-suspend precipitate in 6.6 M urea. 

5) Repeat the adjustment to 3:3 M urea concentration as described above and collect 

the precipitate P5, while discard the supernatant. 

6) Adjust pH to 7.5 with 2 M NaOH and dialyze extensively against distilled water. 

Purification: 

7) Dilute dialysed crude Us -casein solution with I volume ethanol and add I M 

ammonium acetate in 75% ethanol until Usl -casein fraction precipitate formed. 

8) Centrifuge at 5000 x g for 15 min. and collect the precipitate (P6) and supernatant 

(S3). 

9) Re-suspend the precipitate (P6) of Usl casein in water and adjust the pH to 7.0 

using 2N NaOH. 

10) Dialyze against 10 mM ammoniwn acetate buffer and lyophilize Usl -<;asein. 

Step V 

Separation of usl casein: 

1) Dilute the supernatant (S3) to 10 % ethanol by addition of 4-volumes of water. 

2) Adjust the pH to 4.6 with I M HCI and centrifuge at 5000 x g for 15 min. and 

collect the precipitates (P7) of Us2 -casein. 

3) Re-suspend Us2 -casein precipitate in double distilled water and dialyze against 

ammonium acetate buffer (lOmM, pH 7) and lyophilize it. 

Observations: 

Step I 

Weight of wet casein = 

AmOWlt of urea added = 

Volume of casein - urea (6.6 M) mixture = 

Volume of7 N sulfuric acid added = 

Volume of water added for dilution to 2.2 M urea = 

Volume of supernatant collected (SI) ~ 

Weight of precipitate (PI) ~ 

Quantity of ammonium sulphate added to supernatant Sl = 

Weight of precipitate (P2) (lC -CN) ~ 
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Step II 

Quantity of urea added to precipitate (PI) ~ 

Volume of PI-urea (6.6 M) mixture ~ 

Volume of water added for dilution to 3.3 M urea = 

Volume of supernatant collected (S2) ~ 

Weight of precipitate (P3) ~ 

Step III 

Volume of water added for dilution ofS2 to 1 M urea = 

Weight of precipitate (P4) (~ -CN) ~ 

Step IV 

Quantity of urea added to precipitate (P3) ~ 

Volume ofP3-urea (6.6 M) mixture ~ 

Volume of water added for dilution to 3.3 M urea = 

Weight of precipitate (PS) (a,-CN) ~ 

Weight of precipitate (P6) (a, ,-CN) ~ 

Step V 

Weight of precipitate (P7) (a,,-CN) ~ 

Result: 

The yield of a sl_, o.s2-, p- and K-casein is ____ " _____ ~ ____ -'& 

___ respectively . 
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Experiment 3 Separation of JJ~ lactoglobulin and ex ~lactalbumin from whey 

Principle: Based on differential solubility method. different whey proteins can be 

separated. ~- lactoglobulin (~- Lg) can be separated with salt precipitation at pH 2.0, 

while ex -lactalbumin (a-La) can be separated with trichloroacetic acid at 0.5% fmal 

cQDcentration_ 

Sample: Whey 

Apparatus: 

a) Beaker: 100m!, 250m! 

b) Graduated pipette: 5m!, 10m! 

c) Measuring cylinder: 100ml,250m! 

d) Laboratory centrifuge 

e) pH meter 

f) Dialysis bag. 

Reagents: 

a) Sodium chloride (NaCI) : ~~''''1 OJ.· 
b) HCI (3.5M) ~ (J1t· a.I.1/104~. . . 
c) Sodiumhydroxide(NaOH)(3.5M) :. ela""!/~;:LDI( 1 ~ 
d) Tric~oroacetic acid (TCA) (20%) To p~p,.14 iI(-~ 

Procedure: .. . 

Clarification of whey: 

1. Collect the 500rnl of whey sample after removal of casein curd as described in 

Experiment No.1. 

2. ClarifY the whey by adjusting the pH 7.0 using 1M NaOH solutiQn. Centrifuge at 

5000 x g for 15 min to pellet precipitatad calcium and phosphate complexes, and 

fme particles of casein. 

3. Decant off clarified whey. 

Separation of B-Lg: 

I. Add NaCl in small lots @ 7 g per 100ml whey, by allowing NaCI to dissolve 

completely before adding the next lot. 
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2. Adjust the pH to 2.0 by careful addition of 3.5 M HCI and allow to stand for 20 -
min at room temperature. 

3. Centrifuge at 10,000g for 15 min to separate the ~-Lg soluble supernatant from 

the precipitated whey proteins. 

4. Add ~ @ 23g per litre of decanted supernatant to give a final concentration of 

30% (w/v). 

5. Readjust the pH to 2.0 by careful addition of 3.5 M HCI and allow to stand for 20 

min at room temperature. 

6. Centrifuge at 10, OOOg for 15 min and collect the precipitates of ~-Lg. 

7. Resuspend the precipitates in water, dialyse against distilled water and determine 

its protein content using method as described in Experiment No. 12. 

Separation of a-La: 

I. Add 2.5ml of 20% trichloroacetic acid to 100mi of the clarified whey (PH 7.0) to 

precipitate a-La (0.5 % TeA final concentration). -2. Allow this to stand for 20 min at room temperature. 

3. Centrifuge at 10,000 x g for 15 min. and collect the precipitates. 

4. Re-suspend the precipitates in water, dialyse against distilled water and determine 

its protein content using method as described in Experiment No. 12. 

Observations: 

Volume of clarified whey = 

Protein content of P-Lg fraction = 

Protein content of a-La fraction = 

Result: The protein content of a-La and P-Lg in the given sample is 
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Experiment 4 Isolation of immunoglobulins from colostrum 

Principle: Isolation of immunoglobulins is carried out by ammonium sulphate 

precipitation at 50 % saturation. As salt concentration is raised there is an interference 

with interaction of water molecules with charged polar groups in protein molecules, thus 

rendering them less hydrophilic. This allows a greater hydrophobic interaction between 

protein molecules and they eventually become insoluble. The salt concentration at which 

each protein precipitates is different but between closely related molecules such as 

immunoglobulins the difference is not sufficiently great to give a precipitate with high

grade purity. 

Sample: colostrums 

Apparatus and Reagents: 

a) Glass beaker 500 ml 

b) Measuring cylinder 250ml 

c) Stirring rod 

d) Cheese cloth 

e) Filter paper 

f) HCI(IM) 

g) Ammonium sulphate 

h) Magnetic stirrer 

Procedure: 

Preparation of whey: 

I) Take 100 ml of colostrums and warm to 40° C. 

2) Separate the fat content of colostrum by centrifugation at 5000 x g for 1 Omin at 

40° C. 

3) Keep the centrifuge tubes at 4°C for Ihr. 

4) Remove the top fat layer by spatula and collect the skimmed colostrum. 

5) Dilute the skim colostral sample by 1:2 with water and bring to room temperature. 

6) Add slowly I M Hel with continuous stirring till the pH 4.6 is reached. 

7) As the clear precipitates of casein are fonned, allow it to stand at room 

temperatu re for 30 min for clear separation. 

10 



8) Separate the precipitated casein curd from the whey by filtering through filter 

paper. 

9) Collect the clear whey fraction. 

Separation of immunoglobulins: 

10) Take 200 ml of colostral whey in a beaker and place a magnet bar in it and put it 

over magnetic stirrer. 

11) Slowly stir the sample and add in small increments 59 g anunonium sulphate (@ 

295 g / Litre) for 50% saturation. Ensure that one lot of ammonium sulphate has 

dissolved before adding the next. After addition is complete, stir it for 30 min. 

12) Then allow the precipitate to settle by keeping for I h. 

13) Collect the precipitate of immunoglobulins using Whatman No 1 filter paper. 

14) Suspend the precipitates in 100 ml distilled water and again precipitate them by 

raising the ammonium sulphate conc. to 50% saturation. 

15) Collect the precipitates after filtration over Whatman No 1 filter paper and 

disperse it in 25 ml distilled water and dialyse against distilled water extensively 

by several changes of water. 

16) Determine the protein content of dialysed immunoglobulin fraction using Folin's 

method as described in Experiment No. 12. 

Observations: 

Volume of colostrum: 

Volume of water added: 

Volume of acid whey: 

Quantity of ammonium sulphate added (Ist precipitation) = 

Quantity of ammonium sulphate added (II precipitation) = 

Volume of dispersed precipitates solution (before dialysis) = 

Volume of precipitates solution (after dialysis) = 

Protein content of immunoglobulin = 

Result: The yield of total immunoglobulin from given sample of colostrum is ---------% 
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Experiment 5 Isolation of lactoferrin and lactoperoxidase from wbey using ion 

exchange chromatography 

Principle: Lactoferrin (LF) and lactoperoxidase (LP) can be separated from whey using 

ion exchange chromatography by taking advantage of their basic nature. as LF and LP are 

having pI values of9.6 and 8.7, respectively, while major whey proteins a-lactalbumin .. ,,' 
and p-Iactoglobulin have pI values of 4.2 and 5.4, respectively. Therefore, by employing 

weakly acidic cation exchanger at neutral pH, LF and LP bind with ion exchanger resin 

and thus can be eluted by stepwise raising ionic concentration. Colostrum is a rich source 

of LF, while milk for LP, which, can be used as starting material for isolation of 

respective proteins. 

Sample: Colostrum whey 

Apparatus and Reagents: 

1. Tris - Hel buffer (50mM, pH 8.2) 

II. Tris - Hel buffer (50mM, pH 8.2)containingIM salt: Dissolve 29g sodium 

chloride in tris-Hel buffer (50mM, pH 8.2) and make up the volume to 500rnl 

iii. 

IV. 

v. 

using measuring cylinder. 'Iio 

Tris - Hel buffer (50mM, pH 8.2) + 100 mM salt: Take 25rnl of (ii) and make up 

the volume to 250 rnl with (i) 

Tris - Hel buffer (50mM, pH 8.2) +200 mM salt: Take 50 ml of (ii) and make 

up the volume to 250 rnl with (i) 

Tris - Hel buffer (50mM, pH 8.2) +500 mM salt: Take 125rnl of (ii) and make 

up the volume to 250 rnl with (i) 

VI. eM Sephadex c-50 

VU. Vaccum flask attached with vaccum pump; Sintered Bucchner funnel; Magnetic 

stirrer; Beaker: I litre; Test tubes 20rnl capacity 

Procedure: 

I) Preparation of ion exchanger resin: 

Take 7g eM Sephadex c-50 (@ 7g I litre of sample) and suspend in 200mI of 

Tris - He l buffer (50mM, pH 8.2). Decant off the buffer after the gel has settled 

at the bottom of beaker. Then again replace the buffer so as to equilibrate the 

gel matrix. 
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Lactoferrin Structure 

) 

Upon binding iron, the protein lactoferrin undergoes conformational changes that 
allow other molecules to distinguish between the iron-free and the iron-bound 
forms. 

Antibody Structure 

IgG antibodies consist of four chains, two heavy chains (blue) and two light 
chains (red), linked by disulfide bonds. The heavy and light chains come together 
to form Fab domains, which have the antigen-binding sites at the ends. The two 
heavy chains form the Fe domain. The Fab domains are linked to the Fe domain 
by flexible linkers. 



2) Preparation of whey: 

Take the sample of colostrums and prepare whey as mentioned in Experiment 4 

and clarify the whey as per Experiment 3. 

3) Binding of basic' proteins LF and LP: 

Take one litre of neutral colostral whey in a beaker and add prepared resin 

int~ it. Place the beaker over a magnetic stirrer and .stir gently the whey-resin 

mixture for one hour. Then allow the gel to settle for 30 min and decant off the 

spent whey carefully not allowing the gel matrix to fall. 

4) Washing of matrix: 

Pour the matrix over sintered bucchner funnel, attached with a vaccum flask. 

Wash the matrix with one litre distilled water or till the absorbance of washings 

are <0.02 at 280nm. Then wash the gel with lris-Hel buffer containing 100lIlM 

salt and discard these washings. 

5) Elution of proteins: 

Elute the bound LP and LF proteins with tris - Hel buffer containing different 

concentration of salt as given below: 

Step-I 

Elute the lactoperoxidase fraction by washing the matrix with Tris HCl buffer 

containing 200mM salt in 20 m1 lots and collect these green coloured eluted 

fractions in test tubes and monitor their absorbance at 412nm and 280nm. Pool 

the fractions with ratio of A.m I A280 > than 0.15 and evaluate for LP- activity as 

described in Experiment- Dialyse the pooled fractions of LP against distilled 

water. 

Step-II 

Elute the bound lactoferrin fraction from matrix by washing the matrix with Tris 

HCl buffer containing 500 mM salt in 20 mllots and collect these red coloured 

eluted fractions in test tubes and monitor their absorbance at 280 run. Pool the 

fractions with A280 > 0.5 and dialyse against distilled water. 

Detennine the protein content of dialysed LP and LF by Folin method as 

described in Experiment No 12. 
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6) Regeneration of matrix: 

Wash the matrix with 200 mJ ofTris - Hel buffer containing 1M salt. Followed 

by one litre of distilled water and suspend the gel in 2S0mJ of Tris-Hel buffer 

(SOmM, pH 8.2) for reuse in next application. 

Observations: 

Step-! 

LP Tuhe 1 2 3 4 5 6 7 8 9 10 

Fractions No. 

A2so 

A." 

Step-II 

LF Tube 11 12 13 14 15 16 17 18 19 20 

Fractions No. 
. -

A2so 

Plot the elution profile of lactoperoxidase and lactoferrin by taking fraction no. on X axis 

and absorbance at 280nm and 412nm along Y axis. 

Pooled fractions of LP = 

Protein content of dialysed LP = 

Activity of dialysed LP ~ 

Specific activity of LP = 

Pooled fractions of LF ~ 

Protein content of dialysed LF = 

Result: In the given sample of whey, lactoperoxidase content is -------------mgIL and 

lactoferrin content ----------------mgIL. 
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Isolation of Lactoferrin by Ion Exchange 

lon.Exchange Chromatography 
This technique separales proteins 
mainly according 10 Iheir nel charge. 

Dialysis. 
Protein molecules (red) are 

retained within the dialysis bag , 
whereas small molecules (blue) 
diffuse 

Concentrated r----.E.~; 
solution 

Buff~, 

"-.. -

N~tlVety cha~ 
PU)lC' in flows 

"''''''i'' 

• .. '. 

... .' . 

. . 
• 

• • 
• 

.. 

AI. equ~ibrium 



Experiment 6 Estimation of crude protein content in milk by Kjeldahl method 

Principle: The test portion is digested using a block-digestion or equivalent apparatus 

with a mixture of concentrated sulfuric acid and potassiwn sulfate, using copper (II) 

sulfate as a catalyst to convert organic nitrogen to ammoniwn sulfate. Addition of excess 

sodium hydroxide to the cooled digest liberates anunonia. The liberated anunonia is 

distilled, using either a manual or semi -automatic steam distillation and collected into an 

excess of boric acid solution followed by titration with hydrochloric acid solution. The 

nitrogen content is calculated from the volwne of He} used by anunonia in the titration 

and multiplied by 6.38 to get the corresponding crude protein content. 

Chemistry of Nitrogen determination 

A. Solubilization stage 

Proteins + H2S04 + Naz S04 or KZS04 

B. Release of ammonia and steam distillation 

(NH,), SO,+2NaOH • 2NH.OH +Na,S04 

Steam 

NH,t +H,O t NH,OH 

. C. Collection of ammonia and back titration 

NH, + H,O + H,BO, • NH,H,BO, 

NH.H,BO, + HCI ----. NH,CI + H,BO, 

f'~ 1-:.:,. H (. H2.·i3~ I.. , 

Conversion factor: Proteins in general vary in nitrogen content from 14 to 19% and 

thus a single universal conversion factor cannot be used. An average factor of 6.38 

(corresponding to 15.65% N) is commonly used for milk proteins to convert nitrogen to 

protein. 

Sample size: The protein content of different types of milk and milk products varies so 

for determination of total protein content by Kjeldahl method the size of sample varies 

such that the test portion sample should contain 0.2 to 0.4 g of protein. 
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Protocol I BIS method for determination of total nitrogen content of milk 

Apparatus: 

i) Digestion flask - Kjeldahl flask 

ii) Distillation apparatus - Micro Kjeldahl distillation 

. ~mple 

" 

• .' 
Solution 
traps 

The micro Kjeldahl apparatus for steam distillation is shown above. Steam is produced by 

boiling water in flask A, and this is bubbled through the solution in flask C. The distillate 

passes through the condenser D and can be collected at the end of the condenser. A trap B 

is provided between flasks A and C in such a way, that when A is cooled, the contents in 

C are sucked out into flask B which can then be discarded. There is also a furmel 

arrangement F provided to add samples directly to flask C. 
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Reagents: 

a) Concentrated sulfuric acid - approx. 98% by weight and nitrogen free 

(p~1.84 glcm') 

b) Copper sulphate 

c) Potassium sulphate or anhydrous sodium sulphate (nitrogen free) 

d) Sodium hydroxide solution - 50% by wt. 

e) Boric acid solution - saturated 

f) Indicator solution - Mix equal volumes of a saturated solution of methyl red in 

ethanol (95% by vol.) and a 0.1 % solution of methylene blue in ethanol (95% by 

vol.) 

g) Standard hydrochloric acid - 0.02N 

Preparation of test sample: Wann the test sample of milk between 38° C to 40° C in the 

water bath. Cool it to room temperature while gently mixing the test sample 

immediately prior to weighing the test portion. 

Procedure: 

Digestion of sample: 

1) Transfer accurately weighed (approx.) 109 sample of milk to a Kjeldahl flask. 

2) Add 109 of potassium sulphate and 0.2g copper sulphate. 

3) Add 25 ml ofconc. sulfuric acid, along the neck of the flask in such a way as 

to wash down any milk drops sticking to the side of the flask. Gently rotate 

the flask so that the whole of the contents are well mixed. 

4) Place the flask on a flame so that the neck is inclined at an angle of 45° to the 

horizontal and the bulb rests in the hole of an asbestos sheet so that the flame 

does not touch the flask above the level of the liquid. 

5) Heat initially to gentle boiling and when frothing has ceased, boil the contents 

of the flask briskly until clear and free from yellowish colour and for a further 

period of one hour. 
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6) Allow the liquid to cool and wash down the sides with a fine jet of distilled 

water. Continue heating the contents of the flask for a further period of one 

hour. 

7) Allow the liquid to cool to room temperature and make upto volume iii a 100 

ml volwnetric flask. 

Distillation: 

8) Pipette out 10 ml aliquot of the solution into the flask 'c' through the funnel 

of micro Kjeldahl distillation apparatus 

9) Then add 8 ml of sodiwn hydroxide solution through funnel. 

10) Keep a flask containing 10rnl of the boric acid solution containing 2-3 drops 

of the indicator, at the delivery end of the condenser in such a way that the tip 

is just beneath the surface of the liquid. 

11) Now heat the flask 'A' filled with water to produce steam. This steam is 

passed through the contents of flask 'C'. The ammonia evolved there by the 

alkaline treabnent of digested sample is carried along with steam through the 

condenser outlet and is absorbed in boric acid solution. Continue passing 

steam for 10 minutes and collect about 50 ml of distillate, then remove the 

receiver flask after rinsing out the tip of the condenser. 

12) Stop heating flask 'A'. On cooling. this will create a back suction so that the 

contents in the flask 'C' will be sucked into the trap 'B'. Add about 10 ml of 

water through the funnel quickly, so that it will also be sucked into flask 'B', 

while rinsing flask ·C·. The apparatus is now ready for distillation of next 

sample. 

13) Titrate the contents' in the receiver flask against the standard hydrochloric acid 

till the colour changes from green to violet colour. Note the volume of acid 

used. 

14) Carry out a blank determlnation by taking D.5g of sucrose in place of milk, 

and by using the same quantities of reagents and the same conditions of test. 
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Observations~ 

Normality of standard hydrochloric acid solution = 

Weight of the sample taken for analysis = 

Volume of hydrochloric acid standard solution used in sample test = 

Volume of hydrochloric acid standard solution used in blank test = 

Calculations: 

Crude protein is calculated by multiplying nitrogen content by the factor 6.38. 

. 1.4007 (V2 - VI)N 
Crude protem (percent by wt.) ~ 6.38 x x DF (100/10) 

W 

Where, 

V2 = Number of ml of hydrochloric acid standard volumetric solution used in 

distillation 

VI = Number ofml of hydrochloric acid standard volumetric solution used in 

the blank test 

N = Normality of hydrochloric acid standard volumetric solution 

W = Weight in g of the sample taken for analysis 

DF = dilution factor 
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Protocol II IDF (block digestion) method for determination of total 

nitrogen content of milk 

Apparatus: 

Water bath 

11 Analytical balance 

III Digestion block assembly (Exhaust manifold; Aspirator) 

IV Distillation unit 

v Digestion tube, 250 ml capacity 

VI Automatic pipettes (dispensers) 

vii Graduated measuring cylinder 50 ml capacity 

viii Conical flask 250 ml capacity 

ix Burette 25 ml capacity. 

Reagents: 

Kjeldahl catalyst mixture: It consists of 3.5 g potassium sulfate and O. I 05 g 
/ 

copper sulfate. 

II Sulfuric acid: with a mass fraction of at least 98% nitrogen free. 

III Sodium hydroxide solution: Nitrogen free, containing approximately 40 g sodium 

hydroxide per 100 ml. 

IV Boric acid solution: Dissolve 40 g of boric acid in 1 litre of hot water in a 1000 

ml one-mark volumetric flask. Allow the contents to cool to 20°C and adjust the 

mark with water. 

v Indicator solution: Dissolve 0.25 g of methylene blue and 0.375 g of methyl red 

in 300 ml of 95 per cent ethanol. 

VI Hydrochloric acid standard volumetric solution O.IN 

vii Tryptophan or lysine hydrochloride, minimum assay 99% (mass fraction). 

viii Sucrose, with nitrogen content not more than 0.002%. 
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Procedure: 

Preparation of test sample 

Wann the test sample to between 38°C to 40°C in the water bath. Cool the 

sample to room temperature, while gently mixing the test sample inunediately prior to 

weighing the test portion. 

Test portion and pre-treatment 

To a clean and dry digestion tube, add 5 g of digestion mixture. Weigh 2 g of test 

sample to the nearest 0.1 mg into the tube. Carefully add 10 m1 of sulfuric acid along the 

sides of the digestion tube. Gently mix the contents of the tube and then leave to stand 

for 10 min. 

Digestion: 

1. Set the digestion block at a low initial temperature so as to control foaming 

(approximately ISO°C). Transfer the tube to the digestion block and place the 

exhaust manifold. which is itself connected to a water jet pump in the top of the 

tube. The suction rate of the water jet pump shall be just sufficient to remove 

fumes. 

u. Digest the sample until white fumes develop. Then increase the temperature of 

digestion block to 411 °C and continue digestion of the sample until the digest is 

clear. The digestion is normally completed in 40 to 60 min. The test portion 

should be digested 15 min further or after the solution has cleared. 

lll. Remove the tube from the block with the exhaust manifold in place and allow to 

cool lor at least 15 min. Once the tubes are sufficiently cool to handle, remove 

the exhaust manifold and carefully add 50 ml of water to each tube. 

Distillation 

1. Transfer the digestion tube to the distillation unit and run the programme for 

automatic distillation. 

ll. Place a conical flask containing 50 ml of boric acid solution under the outlet of 

condenser in such a way that the delivery tube is below the surface of the excess 

boric acid solution. 

21 



111. Adjust the distillation unit to dispense 40 ml of sodium hydroxide solution and 

distill off the ammonia liberated by the addition of sodium hydroxide solution. 

IV. Collect the distillate in the excess boric acid solution. 

Titration 

Titrate the contents of the conical flask with the hydrochloric acid standard 

volumetric solution using a burette and read out the amount of titrant used. The 

end point is reached at the first appearance of violet colour in the contents. 

Blank Test 

Carry out a blank test following the procedure described above taking 2 m1 of 

water and about 0.2 g of sucrose instead oftest portion. 

Recovery Tests 

I. The accuracy of the procedure should be checked regularly by means offollowing 

recovery tests carried out in accordance with step 2.0 to 3.3. 

ll. Check that digestion and distillati.on procedures are efficient by using a test 

portion of 0.06 g of lysine hydrochloride or 0.08 g of tryptophan weighed to the 

nearest 0.1 mg. 

Ill. Detennine the nitrogen content according to the procedure described in steps 2.0 

to 3.3. The expected nitrogen content is 15.33% in lysine and 13.72% in 

tryptophan (the nitrogen recovery should be (98.5% to 101%). 

IV. Prepare a solution of ammonium sulphate of concentration 0.05 mollL exactly. 

Pipette a 10 ml aliquot of the ammonium sulphate solution into the digestion tube 

and add 50 ml of water. Determine the nitrogen content of the solution according 

to the procedure described in steps 2.0 to 3.3 (nitrogen recovery should be 99% to 

101 %). 

Calculations: 

Calculate the nitrogen content, Wn• by using the following equation: 

II' = 1.4007 (V, - v,) N 
" m 
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Where, 

W, is the nitrogen content of the sample, expressed as percentage by mass 

is the numerical value of hydrochloric acid standard volumetric 

so lution used in determination in miHilitres, expressed to the nearest 

0.05 ml 

where, 

v, 

Vb = is the nwnerical value of the vo lume of hydrochloric acid standard 

N 

volumt:tric solution used in the blank test in millilitres, expressed to 

the nearest 0.05 ml 

is the numerical value of the exact normality of the hydrochloric acid 

standard volumetric solution expressed to four decimal places. 

En = is the numerical value of the mass of the test portion in grams, 

expressed to the nearest I mg, 

Calculate the crude protein content Wp using the following equation: 

Wp = Wn x 6.38 

Wp = is the crude protein content, expressed as a percentage by mass. 

W n - is the nitrogen content of the sample, expressed as a percentage by 

mass to four dec imal places. 

6.38 = is the generally accepted multiplication factor to express the nitrogen 

content as crude protein content 

Programme for distillation: 

Di'ution sample ~ 05 s 

Adding NaOH ~ 06 s 

Automatic distillation ~ Y 

Distillation time ~ 03 m 00 s 

Suction sample ~ Y 

Suction time ~ 20 s 

Suction receiver ~ Y 

Suction receiver time ~ 20 s 

Adding boric acid ~ 05 s 

(I' ~ 10ml) 
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Experiment 7 Determination of non protein nitrogen content of milk 

Principle: In milk, the nitrogen compounds are made up of 78 % caseins, 17 % whey 

proteins, which make up the protein N content, and 5 % non-protein nitrogen (NPN), 

giving 100 % total nitrogen (TN). The main constituents of the NPN fraction are urea 

(nearly 1/3), free amino acids (27%) and peptides (18%). For determination of NPN, 

protein content of milk is precipitated with 12 % TeA final concentration and nitrogen 

content of filtrate: is estimated by Kjeldahl method. 

Apparatus: 

Conical flasks of capacity 100ml 

II Pipettes: 10 ml and 20 ml~ 

III Filter funnel: glass dia 75 mm 

IV Filter paper: dia. 15cm Whatman No.1 or equivalent. 

Reagents: 

1. Trichloroacetic acid solution: Dissolve 15.0 g of trichloroacetic acid m 

water and dilute to the mark in a 100mi one-mark volumetric flask. 

II . Hydrochloric acid: standard volumetric solution (HCI) = 0.0 I mol/ L 

Other reagents & apparatus as described under Experiment No.6 

Procedure: 

I) Wann the sample to 38°C by means of water bath. Gently mix the sample 

immediately prior to weighing the test portion 

2) Pipette 10mi of the prepared test sample into the preweighed conical flask and 

reweigh, recording the weights to the nearest 0.1 mg. 

3) Add 40 ml of trichloroacetic acid solution to the flask and weigh the contents to 

the nearest 0. 1 mg. Swirl to mix. 

4) Allow the flask to stand for 5 min. to allow the precipitate to settle. Filter the 

contents of the flask through the filter paper and collect the entire filtrate in a 

clean dry conical flask. The filterate should be clear and free of particulate matter. 

5) Swirl the filtcrate to ensure that it is mixed and pipette 20 ml of it into a 50 ml 

beaker and weigh. Pour the filterate from the beaker into the Kjeldahl flask 
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containing boiling aid, potassium sulphate and copper sulphate. Immediately 

rt!weigh the t:mpty beaker. 

6) Add 10 ml of sulfuric acid to the KjeldaW flask and continue with the digestion 

and distillation procedure as given in Experiment No 6. 

7) Titrate the liberated ammonia. using the O.OIM standard volumetric HCl as titrant 

instead of 0.1 M HC!. 

8) Blank tl::st: Digest, disti ll and titrate a blank comprising about 0. 1 g of sucrose and 

16 1111 trichloroacetic acid solution. 

Observations: 

Weight of empty conical flask (W I) ~ 

Weight of empty conical flask + 10ml milk sample (W2) ~ 

Weight of the test portion (Wm) ~ W2 - WI 

Weight of conical flask + test portion of milk + 40 ml TCA solution (W3) = 

Weight of the test portion of milk + 40 ml TCA solution (Wt) ~ W3 - WI 

Weight of empty beaker (W4) ~ 

Weight of empty beaker + 20 ml fillerate (W5) ~ 

Weight of 20 ml offillerate (Wr) ~ W5 - W4 

Volume ofslandard volumetric solution of acid used in determination (Vs) = 

Volume of standard volumetric solution of acid used in blank test (Vb) = 

Nonnality of standard volumetric solution of acid (M) = 

Calculat ions: 

The non protein nitrogen content. expressed as percentage of mass. 

~ 1.4007(V. -V,)xM 
Wf xW. / 

/ (W, - 0.065W. ) 

Result: The non protein nitrogen content in given sample ofrnilk is 
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Experiment 8 To determine the nitrogen fractions of milk by Rowland's 

analytical scheme 

Theory: In Rowland ' s analytical scheme vanous nitrogen fractions of milk are 

determined using Kjeldahl method. This classical fracticmatio!l inyoJVt;:$ precipitation of 

c~.sein 2!..._E!:t~ and precipitation of all proteins with TCA at 12% w/v final - ,- ~ ,. ... .. . .--- . 

concentratio.n. To a.void the necessi~ for washing the precipitat~uantitatively. ni~ 

is determined in the fi~s. Use 9.fJ~~p..!~~~du~~_ essentially defines casein as the . '----- -. 
mixture of proteins that precipitate at pH 4.6, 40°C, 1: '10 dil~t~~n. AI~iIlta.:.t ca~~~s _and 

t~c:._ ga_mma casein fragli1~~ ...<: f ~-casein gc:~ precipitated but the proteose peptone cPP) - -- ._---_. - - - --, 

component, most of which_~~J3--=--<;~ fragments do not precjpitate So PP can be estimated -- --_.-- ------
in the filtrate at pH 4.6 of a sample that has been heated to denature the whey protein. _ .... -. - - _. . -- ~ ---.' . _. -_ . . _--
Heat denatured ,whey p_r_oteins ppt with casein ~t ptt 4 .6.l1~J!.vi£t_g ?.!..~d NPN in solution. 

- ~ 

Further fractionation of globulin content is detennined based on differential solubility 
- .---' -.~ - - ,--

from pH 4.6 filtrate (unheated milk). 

Principle: Same as for estimation of total protein in milk by Kjeldahl method. 

Sample: Skim milk 

Apparatus: 

Pipettes: I ml, Sml, 10mi and 20 ml 

II Volumetric flask: 2Sml, SOml and 100ml capacity 

III Beaker: SOml and 100m!. 

Reagents: 

Trichloroaceticacid TCA (15%); Hydrochloric acid (IM);Acetic acid (10%); 

Sodium acetate (1M); MgSO, ,NaOH (0.1 N); Bromothymol blue indicator (0.1%) 

Other reagents & apparatus as described under Experiment No.6 (BIS - protocol) 

Procedure: 

a) Estimation of total nitrogen (TN): 

1. Take 5 g of milk sample in a lOami volumetric flask and dilute it to the mark with 

distilled water. 

2. Pipette out 10mi of diluted milk into 100mi Kjeldahl flask. 

3. Estimate the nitrogen content as per Kjeldahl method. 
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b) Estimation ofnon-cascin-nitrogen (NCN): 

1. In a 100ml volumetric flask, take 10 g of milk sample and add 60ml of water and 

bring the temperature at 40C. 

2. Add I ml of acetic acid, mix it then after 2min. add I ml sodium acetate solution 

3. Make up the volume to 100mi with distilled water and allow it to stand for 30min. 

4. Filter the content through Whatman No. 42 

5. Discard first few IllI and collect the filtrate. 

6. Take 20 ml of filtrate and carry out the nitrogen estimation. 

c) Estimation of non-protein-nitrogen (NPN): 

I. In a 50 ml volumetric flask, take 109 of milk. 

2. Add 15% TCA into the flask up to the mark. 

3. Mix and filter the content of the flask through Whatman filter paper no. 42. 

4. Take 20 ml of filtrate and carryout the nitrogen estimation. 

d) Estimation of proteose peptone and nonprotein nitrogen: 

I. Take 20ml of the casein free filtrate from step (b) above into a 50 ml beaker and 

add O.25ml orO.IN NaOH to raise pH. 

2. Boil , cool and transfer the contents to 25ml volumetric flask. 

3. MakelJp the volume, mix and filter the contents through filter paper Whatman no. 

42. 

4. Take 20 ml of filtrate and carryout the nitrogen estimation. 

e) Estimation of Globulin nitrogen: 

I. Takt: 20ml of the casein free filtrate from step (b) above. 

2. Add 2-3 drops of bromo thymol blue solution and add O.IN NaOH to bring the pH 

6.7 ·- 7.2. 

3. Add powdered MgS04 @ 9g110ml and stir until the solution is saturated. 

4. Warm it to 25-30oC. cool and filter after sometime through filter paper no.42. 

5. Transfer the precipitate and wash it with saturated solution of MgS04• 

6. Carry out the nitrogen estimation with the precipitate of globulin as above. 
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Observations: 

a) Total nitrogen d) Proteose peptone + Non protein 

Burette reading V I nitrogen 

Weight of sample WI Burette reading V4 

b) Non casein nitrogen Weight of sample W2 

Burette reading V2 e) Globulin nitrogen 

Weight of sample W2 Burette reading V5 

c) Non protein nitrogen Weight of sample W2 

Burette reading V3 Blank reading Vb 

Weight of sample W3 

Where VI , V2, V3, V4 and V5 = volume of standard HCI used to neutralize 

ammonia of the corresponding sample 

Vb = Volume of standard HCI used to neutralize anunonia of the blank 

Calculation: 

(A) T I · ,,-,-(V_I_-_Vb--,-)_x_0_.0-;:14c;-x_N_x_I_0_O_x_D,->f ota nitrogen /0 = 
WI 

(8) N . . ,,(v ,_2=--_Vb",),-x--,0cc· 0=-:1-,4_x-,-N_x-,-,IOc:0_x--,D"'-.>f on casem mtrogen /0 =-
W2 

(C) N .. ,,(V ,--'3'---_Vb-'-')_x--'O".0-'-1-,4_x-'-N_x_Ic:0-'-0_x"D"-.>f on protem mtrogen / 0 = -
W3 

(D) 
. . (V4-Vb)xO.0 14 xNxI00xDf 

Proteose peptone +Non protem mtrogen % = -'------'-----:::-:-----'
W2 

(E) G I b I·· ".;:( V--'S=-----'Vb=) ,--x .:cO .:::0 :,-14::-x:..:N,,-,--x :..:1 O:.::O--,x-=D,,-->f o u In nitrogen 1 0 = -
W2 

Result: 

Total nitrogen content = A 

Casein nitrogen = A - B 

Non protein nitrogen = C 

Whey protein nitrogen = B - C 

Proteose peptone nitrogen = D - C 

Globulin nitrogen = E 

Albumin nitrogen = B - D - E 
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Experiment 9 Determination of undenatured whey protein nitrogen content in 

whey protein concentrate 

Theory and Principle: Whey protein concentrate (WPC) are prepared by different 

methods giving rise to great variation in their composition and the properties of the 

resulting product are compared based on their protein content. The level of undenatured 

whey protein content in WPC is important for its functional and biological properties. 

Undenatured whey protein nitrogen (UNDWPN) of WPC is calculated on the basis of 

nitrogen distribution. The total nitrogen (TN) in cheese whey protein concentrates 

consists of denatured whey protein nitrogen, non-casein nitrogen (NCN) i.e. , a

lactalbumin, p- lactoglobulin, serum albumin and globulins, casein nitrogen, proteose 

peptone nitrogen (PPN), glycomacropeptide nitrogen (GMPN) and non protein nitrogen 

(NPN). Nitrogen content is determined by Kjeldahl method. The UNDWPN is 

expressed as mg nitrogen I 100mg total protein nitrogen (TPN) and is calculated from 

following equation: 

UNDWPN ~ NCN - (PPN + GMPN + NPN) 

Sample: Whey protein concentrate (WPC - 35 or WPC - 70) 

Apparatus: Volumetric flask: 100mi capacity; Conical flask: lOami capacity; Glass 

Pipettes of one mark: 5m!, 50 ml; Graduated pipettes: 1 ml, 5ml, 25ml; Measuring 

cylinder: 10ml, 100mi. 

And reagents & apparatus as described under Kjeldahl method (81S protocol) 

Reagents: Trichloroacetic acid TCA (24%); Hydrochloric acid (1M); Acetic acid 

(10%); Sodium acetate (1 M) 

Proccdun: 

Estimation of total nitrogen: 

Measure the total nitrogen of WPC by taking 0.5g of WPC- 35 using Kjeldahl method 

and record the volume of standard HCl used. 

Sample preparation for UDWPN: 

Take 1.9 g of WPC-35 or 0.95g of WPC-70 powder and dissolve it in water at 40c C 

and makeup the volume to lOami in a vo lumetric flask. (The WPC is reconstituted, in 

accordance with its TN value, to give a so lution of 0. 1 % total nitrogen). 
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Estimation of non casein nitrogen (NCN): 

Filtrate I, The NCN fraction contains UDWPN, PPN, GMPN and NPN 

I) Take 40ml of whey protein concentrate solution into a 100mi volumetric flask 

and add 40ml water to it. 

2) Warm the solution to 40° C then add 4 ml of 10% v/v acetic acid and mix well. 

3) After 10min, add 4ml of I M sodium acetate solution and cool the mixture to 

room temperature. Adjust the volume, filter through Whatman No. 40 filter 

paper and collect the Filtrate - I. 

4) Take 15 ml of the filtrate and digest using 10 ml of cone. sulfuric acid and 

determine the nitrogen content using Kjeldahl method and record the volume of 

standard Hel used. Express the results as mg N / 1 OOmg TPN. 

Filtrate II (PPN+GMPN+NPN) 

1) Take 50 ml of the filtrate I in to 100 ml conical flask. 

2) Heat it at 100° C for 30 min, cool to room temperature, transfer to a 100ml 

volumetric flask and adjust to volume with water. 

3) The solution is filtered through a fluted Whatman No. 40 filter paper. 

4) Take 15 ml of the filtrate and digest using 10 ml of conc. sulfuric acid and 

determine the nitrogen content using Kjeldahl method and record the vo lume of 

standard HCl used. Express the results as mg / 100mg TPN. 

Estimation of peptide nitrogen (GMPN + NPN) 

I) Take 50 ml of filtrate II into 100mi conical flask, 

2) Add 50 ml of 24% TCA (12% TCA final concentration) and stopper the flask 

with non-absorbent cotton plug and heat it at 60° C for 30min. 

3) The mixture is then cooled to room temperature and filter through a fluted 

Whatman No. 40 filter paper. 

4) Take 15 ml of the filtrate and digest using 10 ml of conc. su lfuric acid and 

determine the nitrogen content using Kjeldahl method and record the volume of 

standard HCl used. 

Observations: 

Weight of the sample W"'" 

Total nitrogen: Burette reading VI == 
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Non casein nitrogen: 

(PPN+GMPN+NPN) nitrogen: 

Burette reading V2 = 

Burette reading V3 = 

Peptide nitrogen (GMPN + NPN): Burette reading V4 ~ 

Blank reading Vb ~ 

Where 

VI, V2, V3 and V4 = volume of standard HCI used to neutralize ammonia 

of the corresponding sample 

Vb =:= Volume of standard HCl used to neutralize ammonia of the blank 

Calculations: 

CA) T I , ,,(V ".:..I"-.:..lJ:c:b:.c)"x-=:O:;:,O-'-14-'-x=N"x,,I-=:OO:. ota mtrogen (0 = ~ 
W 

(B) N " ""eV_2=--_Vb",),--x--,O-,-,O",I,--4_x"N_x_1",O",O_x-,D,,-->f on casem mtrogen 10 = -
W 

, (V3-Vb)xO,OI4xNx100xDJ 
(PPN+GMPN+NPN) mtrogen % ~ -'-----'-----=----~ 

W 
(C) 

(D) P 'd' • "(V_4"----"Vb"")ccx-"O"',O:..;I::-4,,x-'-N,,x-'-I:,:O-=:O-"x-=D"->f ept! e nitrogen Yo = -
IV 

Total protein nitrogen (TPN) = A - 0 

UDWPN ~ B -C 

Result: The UNDWPN of WPC, expressed as mg nitrogen / 100mg total protein 
nitrogen is ----------------. 

Experiment 10: Determination of protein content in casein and cascinates using 
Kjeldahl Dlcthod 

Protein content of casein and caseinates is determined by following the IDF method 

(Experiment No.6 Protocol II) taking a sample size of 0.2g and 10mi sulfuric acid for 

digestion of sample. 

Experiment 11: Determination of protein content in whey protein concentrate 
using Kjeldahl method 

Protein content of whey protein concentrate (WPC) is determined by following the IDF 

method (Experiment No.6 Protocol II) taking a sample size of 0.5 g and 10ml sulfuric 

acid for digestion of sample. 
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Experiment 12: llitermination of milk protein by Folin - Phenol method 

Principle: Milk proteins can be estimated colorimetrically using Folin method. The 

protein is fi~t reacted with alkaline copper sulphate in the presence of tartrate during 

J 0 min incubation. During this incubation a tetradentate copper complex fOrillS from 

four peptide bonds and one atom of copper. Tetradentate copper complex is Ijght blue 
• 

in colour (Biuret reaction). Following the addition of Folin phenol reagent, colour 
• 

enhancement occurs when tetradentate copper complex transfer electrons to the -. phosphomolybdic - phosphotungstic acid complex. The reduced phosphomolybdic -, 
phosphotungstic acid complex produced by this reaction is intensely blue in colour. The , 
intensity of blue colour continues to increase during 30 min incubation at room 

. q 

temperature and this is proportional to the amount of reactive groups (phenolic group of - . 
tyrosine and indolic group of tryptophan) present in protein. . ~ 

Reaction: 

n fl 

I I 
/ . .... CH -- " - NH-CH-ji- NH ._.-

o 0 

L. peplide -.1 ... cu2• r' bOnds , ' 

ow lelradenlale 
--+- Cu' \ 

Complex Fojin reagent 

Blue 
colour 

o 0 
H H 

(phosphomotybdicl A 660 
phosphotungstic acid) L--'-'-'-------' 

··· ··CH - C - N:~-CH-C- NH · ··· 

I I 
R R 

protein I 
Apparatus: 

a) Volumetric flask SOml 

b) Autopipette 20-200 ~l , 200-1000~1 , 5ml 

c) Test tubes 

d) Vortex mixer 

e) Spectrophotometer 

Reagents: 

a) Copper sulphate solution I % (w/v): Dissolve 19 of copper sulphate in distilled 

water and make up the volume toltOOml. : ,,.0:( Cl\lt 'r~e.J, 
< 
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r) T d~~/IA.~ J .fO.,,~.f.. 
b) Sodiwn potassiwn tartrate 2% (w/v): Dissolve 2g of sodium potassium tartrate 

in distilled water and make up the volume to lOamI. 

c) Sodium carbonate 2% (wlv) in O.IN NaOH: Dissolve 21.2 ~ of sodium 

carbonate and 4 g sodimn hydroxide in distilled water and make up the volume 

to one litre. 

d) Alkaline reagent: Mix 0.5 ml of Reagent (a) + 0.5 ml of Reagent (b) + 100 ml 

afReagent (c) immediately before use. 

e) Folins' reagent ( IN): Dilute Folins' reagent (2N, commercially available) with 

an equal volume of water immediately before use. -) e...t.attfLltf~ "1 If1I C~~ 
f) Standard protein: Bovine serwn albumin (BSA) 

i) Stock solution (2.5 mg/ml): weigh accurately 25 mg of BSA In 10ml 

Phosphate buffer (20 mM, pH 7.0) 

ii) Working solution: Dilute stock solution 1:5, to get a final concentration of 

0.5 mgi!fll 

Acetk acid (10%) , 
Sodium acetate (1 M) 

Procedure: 

Sample preparation: 

a) Total milk protein: 

Dilute the milk sample by I : 250 and take 0.5 ml of this diluted sample in a test 

tube for estimation as mentioned below. 

b) Whey protein: 

I. In a 100 ml volumetric flask, take 10mi of milk sample and add 60ml of 

watel and bring the temperature at 40° C. 

ll . Add 1 ml of 10% acetic acid, mix it then after 2min. add 1 mt sodium acetate 

(1 M) so lution 

Ill. Make up the volume to 100 mt with distilled water and allow it to stand for 

30 min. 

lV. Filter the content through Whatman No. 42 filter paper. 

v. Discard first few ml and collect the filtrate. 
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VI. Dilute 1:5 this filtrate and analyze for protein estimation by taking 0.5 ml of 

it. 

Determination: 

1) Dispense 0 to SOOIlI of standard protein solution in separate labeled tubes 

and adjust the final volume to 500 III using sample buffer to prepare a 

dilution series from 25 to 2S0llg for preparing standard curve. 

2) Dispense:s SOOIlI protein sample (s) to separate labeled tubes and adjust the 

final volume to SOOIlI using water. 

3) Add 5ml of alkaline reagent to each of the standard and unknown samples. 

Vortex the tubes immediately to develop optimum colour. Incubate 

precisely for 10 min at room temperature. 

4) Add 0.5 ml of Folin's reagent and immediately vortex each tube. Incubate 

for 30 min at room temperature. 

5) Measure the colour at 660 nm using spectrophotometer zeroed against 

blank. 

6) Plot a standard curve by graphing the average net or blank corrected ~60 

values for each standard versus its protein concentration in Ilg / ml. 

7) Determine the sample concentration by interpolating from the standard 

curve. 

Tube No. Blank SI S2 S3 S4 S5 S6 Sample 
B-1 

TP NCP ~ 

Standard / Sample 0.0 0.05 0.1 0.2 0.3 0.4 0.5 0.5 0.5 
(ml) 
Distilled water ml) 0.5 0.45 0.4 0.3 0.2 0.1 0.0 - -

Conc. (Ilg / ml) (25) (50) (100) (150) (200) (250) - -

Alkaline reagent 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
(ml) 

Mix & incubate at room temp. for 10 min. 

Folin's Reagent (ml) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Vortex each tube immediately after reagent is added, incubat.e at room temp. for 30 min. & 
measure absorbance at 660 nm. 
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Observations: 

Tube No. SI S2 S3 S4 S5 S6 Sample Sample 
TP whey 

I protein 
BSA 25 50 100 150 200 250 
concentration 
(~g!ml) 

Absorbance 
(660 run) 

Calculations: 

Plot a standard curve of BSA Concentration (in J.lg/ml) versus Absorbance and 

determine the value for sample by extrapolating from standard curve and calculate as 

follows: 

1) Total protein (TP) J.lg/ml = (Cone. of protein from std curve) x 250 

2) Non casein protein (NCP) J.lg/ml = (Cone. of protein from std curve) 
100 5 

x-x-
10 I 

3) Casein ~g/ml ~ TP - NCP 
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Experiment 13 Estimation of sialic acid content in casein by thiobarbituric 

acid method 

Principle: Milk proteins especially casein contains sialic acid in bound form. Such 

carbohydrate moiety can be released by mild acid hydrolysis. The free sialic acid is first 

oxidized with sodium periodate in cone. phosphoric acid and the oxidation product is 

coupled with TBA reagent. The resulting cmomophore is finally extracted with 

cyclohexanone and estimated spectrophotometrically at 549 run. 

Apparatus: 

a) Centrifuge tubes: 10 ml capacity 

b) Test tubes: 13mm x 100mm 

c) Auto pipette: 20 -200 ~I 

d) Glass pipette graduated: Iml, 5 ml 

e) Glass marbles 

f) Boiling water bath 

g) Vortex mixer 

h) Lab. centrifuge 

Reagents: 

a) Sodium metaperiodate solution- Dissolve 4.3g of sodium metaperiodate in 4 ml 

of distilled water, add 58ml cone. phosphoric acid and made the volume to 

100mi with distilled water. 

b) Sodium arsenite solution - Dissolve 109 sodium arsenite and 7.1g of sodium 

sulphate in 0.1 M sulfuric acid (prepared by adding 5.7 ml cone. sulfuric acid to 

distilled water and make up the volume to one litre) to a total volume of 100 ml. 

c) Thiobarbituric acid solution: Dissolve 1.2g of2-thiobarbituric acid and 14.2 g 

sodium sulphate in distilled water and make up the volume to 200 mI. 

d) Redistilled cyciohexanone; Sulfuric acid (I N); Sodiwn hydroxide (0.1 N) 

e) Acetate buffer (I00mM, pH 4.5); Chloroform 

f) N-acetyl neuramic acid (NANA): Dissolve 5mg of N acetyl neurarnic acid in 

distilled water and make up the volume to 10mi in volumetric flask. Dilute this 

solution by 1:5 with distilled water to get a solution of 100IJ.glmi. 
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Procedure: 

Sample preparation: 

1) Weigh 200 mg of whole casein in a test tube. 

2) Add 4.5 ml of distilled water to wet it. Then add 0.5 ml of 1 N sulfuric acid. 

3) The sample is then hydrolysed for 45 min at 80°C in a water bath. 

4) After cooling, 0.45 ml of Nil 0 NaOH is added. 

5) The tubes are shaken and centrifuged at 1500rpm for 5 min. 

6) The supernatant is transferred into a test tube. 

7) The residual casein is washed with 5 ml of acetate buffer (lOOmM, pH 4.5) and 

centrifuged for 5 min. 

8) The supernatant is combined with that from the previous supernatant. 

9) In order to remove turbidity of solution, 0.1 ml of chloroform is added and 

mixed. 

Detennination: 

10) Take 0.2 ml of sample solution in IO ml centrifuge tube and add 0.1 ml of 

sodium meta periodate solution and mix well. Incubate the tube for 20 min at 

room temperature. 

II ) Then add I ml of sodium arsenite solution and immediately shake the tubes 

vigorously till brown precipitate disappears. Again leave for a further 5 min. at 

room temperature. 

12)Now add 3ml of TBA reagent and mix thoroughly. Immerse the tubes in a 

boiling water bath for 15 min after properly covering them with glass marbles. 

13) The tubes are then cooled in ice- cool waler for 5 min. 

14)The colour is then extracted with equal volume (4.3ml) of cyclohexanone by 

vigorous shaking. 

15) Centrifuge the solution for 5 min in order to properly separate two layers. 

16) Separate the cyclohexanone layer containing the developed red colour 

17) Run the parallel blank (Step I - 16). 

18) Measure the absorbance of the developed colour in sample against blank at 549 

nm using spectrophotometer. 
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19) Preparation of calibration curve: Take standard solution of NANA conc. 

varying from to - 50 )lglml (as given in Table below) and proceed for 

determination as per step 10 to 18. 

Blank SI S2 S3 S4 S5 

NAN A 0 20 40 60 80 100 
(lOO~g/ml) 

---1"1 
Distilled 200 180 160 140 120 100 

water (ul) 
Conc. 10 20 30 40 50 

(Ug I mil 

Observations: 

Tube SI S2 S3 S4 S5 Sample 
No 

C-~--
Conc. 10 20 30 40 50 
(~g/ml) 

Abs54~ 

Calculations: 

Draw the calibration curve of absorbance against the concentration of NANA in )lg/ml 

and extrapolate the value for sample and calculate from following equation: 

S· I· ·d ( I ) Cone. of NANA from standard eurve x 4.3 x 10.55 
la IC aCI )lg rng = 

0.2 x 200 
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Experiment 14 Determination of free acidity of caseins 

Principle: Free acidity is determined based on acidu-basic determination of all 

aqueous extraction ofa test portion at 60° C. Filtration and titration of the filtrate with a 

standard volumetric sodium hydroxid~ solution using phenolphthalein as indicator. 

Apparatus: 

I. Conical flask· 250 ml, 500 IlII with ground neck and ground glass stopper 

II. Measuring cylinder - 100 ml capacity 

Ill. Pipette· suitable for measuring 0.5 ml of indicator solution 

IV. Burette - graduated in 0.1 ml 

v. Analytical balance 

VI . Water bath - capable of being controlled at a temperature of 60±2°C 

VII. Grinding device - for grinding the sample 

VIII. Test sieve, wire cloth, dia. 200 mm, and nominal size of aperture 500 pm 

Reagents: 

I. Standard sodium hydroxide solution - 0.1 N 

II. Phenolphthalein - 10 gil, 90% vlv, ethanolic solution 

Preparation of the test sample: 

Thoroughly mix the laboratory sample by repeatedly shaking and inverting thl! 

container. Transfer about 50 g portion of the thoroughly mixed laboratory sample to the 

test sieve. If the 50 g portion directly passes or almost completely passes the sieve, use 

for the determination the sample. Otherwise grind the 50 g portion, using the grinding, 

until it passes the sieve. Immediately transfer the entire sieved sample to an air -tigb t 

container of sufficient capacity and mix thoroughly by repeatedly shaking and 

inverting. During these operations take precautions to avoid any change in the water 

Content of the product. 
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Procedure: 

Test Portion: Weigh about 10 g of the test sample to the nearest 10 mg and transfer it 

to the conical flask. 

Determination: 

I) Using the 250 ml measuring cylinder, add 200 ml, of freshly boiled water, 

prl!viously heated to 60°C. Stopper the flask, mix by swirling and place in the 

water bath at 60°C for 30 min. Shake the flask at the intervals of about 10 min. 

2) Filter and cool the filtrate to about 20°C. The filtrate must be clear. 

3) Transfer 100 ml of the cooled filtrate into the conical flask. Add 0.5 ml of 

phenolphthalein solution. Titrate with the standard sodium hydroxide solution, 

until appearance of a faint pink colour, persisting for at least 30 sec. 

4) Record the volume used to 0.01 mt. 

Observations: 

Mass of test portion of casein = 

Volume of standard sodium hydroxide used = 

Calculations: 

. . . . (20xVxT) 
The free aCidity of the casem meq IllS equal to ='--'-'-----'-'

m 

Where V= volume in ml of standard volumetric sodium hydroxide solution used 

T= Normality of the standard volumetric sodium hydroxide solution 

m ":"'!" mass in gm of the test portion 
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Experiment 15 Determination of pH of acid casein 

Apparatus: 

I. Conical flask, of capacity of 100 mI, fitted with a ground glass stopper 

II. Beaker - 250ml, 500 ml 

Balance - accuracy 0.1 g 

Ill . pH-meter - minimum sensitivity O.OS pH unit, with a suitable combined 

glass electrode Thermometer - accuracy O.soC; Grinding device, for 

grinding the laboratory sample~ Test sieve, wire cloth, diameter 200 mm, 

nominal size aperture 500 j.lm 

IV. Mixer 

v. Magnetic stirrer 

Reagents: 

I. Buffer solutions (for calibration of the pH meter) 

Two standard buffer solutions with pH values at 20°C which are known to 

the second decimal place and will bracket the pH value of the sample 

under test. e.g. buffer solution of pH 4, pH 7 and pH 9.2. 

11. Potassium Chloride solution (0.1 % w/v) 

Calibration of pH Meter: 

I. Choose two buffers which bracket the expected pH. The first should be pH 7 and 

the second near the expected sample pH i.e. 4 or 9.2 

II . Ensure that the buffers are at room temperature. 

lli. Rinse electrode with distilled water and shake off excess water. 

IV. Place electrode in the pH 7 buffer. Wait for a stable display. Set the meter to the 

pH value of the buffer at its measured temperature. 
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V. Rinse electrode with distilled water and shake off excess water. 

VI. Place electrode in the pH 4 or 9.2 buffer, depending on the sample pH. Wait for a 

stable display. Set the meter to the pH value of the buffer at its measured 

temperature. 

VII. Rinse electrode with distilled water and shake off excess water. 

Preparation of the sample: Same as described in Experiment 14. 

Procedure: 

I) Weigh exactly 109 of the test sample. 

2) Blend the above test sample 'Alith 190 ml. of Potassium chloride solution (0.1 %) 

for 1 to 2 minutes using blender. 

3) Pour out the contents in a 250 ml beaker and stir it for 10 minutes using 

magnetic stirrer. 

4) Place the electrode in the sample. When display is stable, record pH. 

Results: The pH of given sample of casein is ----------
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Experiment 16 Determination of lactose content in acid casein I rennet cascio 

Principle: Lactose content of casein is determined by colour reaction with a solution of 

sulfuric acid - phenol reagent after breakdown of the product in a medium of sodium 

bicarbonate (penta sodium triphosphate for rennet casein) and after separation of the 

whey by precipitation of the protein in an acid medium. 

Apparatus: Conical flasks - of capacity 100 ml; Volumetric flasks - of capacity 100 

ml; One-mark pipettes - of capacity I , 2 and 10 ml; Micropipettes - of capacity 0.2 ml, 

with 0.001 ml divisions; Graduated pipettes - of capacity 25 m1; Test tubes - of capacity 

about 40 m1 with ground necks and fitted with ground glass stoppers; Automatic 

dispenser - capable of dispensing 5 ml of concentrated sulfuric acid within 1 s. 

Analytical balance; Water bath - capable of being controlled at 60 to 70°C; Photometer 

- suitable for making measurements at a wavelength of 490 run, provided with cells of 

optical path length I to 2 cm; Vortex Mixer - suitable for mixing inside the test tubes 

with a stirrer resistant to strong acid; Grinding device - for grinding the laboratory 

sample; rest sieve - wire cloth, diameter 200 mm, nominal size of aperture 500 J.1m, 

with receiver. 

Reagents: 

1. Sodium hydrogen carbonate (NaHCO,) for analysis of acid casein. 

ll. Pentasodium triphosphate (Na5PJ010) for analysis of rennet casein. 

Ill. Hydrochloric acid or sulfuric acid, c (Hel) or c (112 H, SO,) ~ 0.1 moill . 

IV. Acetic acid - 100 gfl solution. 

v. Sodium acetate solution c (CH)COONa) = 1 M 

VI. Phenol - 80% (mlm) solution - Heat a mixture of 8 g of phenol and 2 g of - ~ 

water in a water bath (at 70° C) until the mixture is homogeneous. 

Vll. Sulfuric acid - concentrated (P20 ~glml). 

Vlll. Lactose - 20gl1 solution (stock) 

Weigh 2.105±0.001 g ofl~ctose.JDonohydrate, corresponding to 2.00 g of 

anhydrous lactose, into a 100 ml volumetric flask, dissolve in water, make 
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up to volume and mix well. Store the solution at Doe. Dilute the stock 

solution I: 1 00 to get a final concentration of 0.2 mg! m!. 

Preparation of the sample: Same as described in Experiment No. 14. 

Procedure: 
. 

1) Weigh exactly I gm of the sample into a conical flask. For acid casein, add 0.1 

g of sodium hydrogen carbonate to the above flask or for rennet casein, add 0.1 

g of penta sodium tri-phosphate to the above flask. 

2) Add 25 ml of distilled water and place the flask in the water bath. set at 60 to 

70°C for 15 minutes and mix occasionally by shaking. 

3) Cool the flask and add successively: -

a) 15 rul of distilled water 

b) 8 ml of the Hydrochloric acid solution 

c) I ml of the Acetic acid solution and mix the contents after each addition. 

4) Leave for 5 minutes and then add 1 ml of sodium acetate solution. Mix by 

shaking. Filter the contents, while discarding first few milliliters of the filtrate. 

5) Pipette 2 ml of the filtrate into a test tube and add 0.2 ml of phenol solution and 

mix by shaking. 

6) Add 5 ml of concentrated sulfuric acid, directing the stream of acid against the 

liquid surface and immediately mix using the mixer. 

7) Allow it to stand for 15 minutes. 

8) Cool the tube to a temperature of 20°e. Measure the absorbance of the solution 

at 490 run using the blank solution as reference. 

9) For preparation of blank solution - Take 0.1 g of sodium hydrogen carbonate for 

acid casein / take 0.1 g of penta sodium triphosphate in a conical flask for rennet 

casein and proceed as per step 3-tcrStep 10. 

10) Preparation of standard curve - Dispense 0 to 200~1 of standard lactose solution 

200 ~g Iml) in separate labeled tubes and adjust the final volume to 2 ml using 

distilled water to prepare a dilution series from 10 to 100l-lg for preparing 

standard curve. Then add the reagents as mentioned below: 
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Tube No. Blank SI S2 S3 S4 S5 S6 
B 

Standard lactose 0.0 0.1 0.2 0.4 0.6 0.8 1.0 
solution (200~g/ml) 
(ml) -
Distilled water (ml) 2.0 1.9 1.8 1.6 1.4 1.2 1.0 

Lactose Conc. -
I (ug/mn 

(10) (20) (40) (60) (80) (100) 

Phenol solution 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
I (mI) 

Mix the contents using vortex mixer 

Sulfuric acid (ml) 5 5 5 5 5 5 5 

Mix the contents and incubate at room temperature for 15 min., Cool and 
measure absorbance at 490 nm 

Observations: 

Tube No. SI S2 S3 S4 S5 S6 Sample 

Lactose conc. (~g I ml) 10 20 40 60 80 100 -

Absorbance ~90 -
'. 

Calculations: Prepare the standard curve of lactose concentration (Ilg Imt) versus 

absorbance and determine the value for sample by extrapolation from standard curve as 

(ClIO' x 50) 
% Lactose (as anhydrous lactose) = x 100 

. m 

Where 

C= concentration in micrograms per milliliters of anhydrous lactose in test solution 
read from the calibration curve. 

m = mass in gm of the test portion 
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Experiment 17 Determination of ash contcnt of acid casein and its caseinates 

Principle: Incineration of a test portion at 8250 C in the presence of magnesium acetate 

to bind all the organic phosphourus. Weighing of their residue and subtraction of the 

mass of ash originating from the magnesium acetate gives the ash content of the 

sample. 

Apparatus: 

Analytical balance; 

II Silica or Platinum dish - About 70mm diameter and 25 to 50 mm deep; 

III Drying oven- Capable of being controlled at 102 ± 20 C; 

IV Boiling water bath; 

v Electrical furnace with air circulation, capable of being controlled at 82So C; 

Desiccators containing silica; 

vi Grinding device for grinding the sample; 

vii Test sieve with cloth dia. 200mm nominal size of aperture SOO",m with receiver. 

Reagent: 

Magnesium acetate tetrahydrate Mg (CH3CO,) 4H,O (l20glL solution): 

Dissolve 120g of Magnesium acetate tetrahydrate in distilled water and make up 

the volume to 1 L. Filter the solution using whatman filter paper No.1. 

Procedure: 

I. Take two silica dishes and heat them at 825C for 30 min. in muffie furnace. 

2. Cool the dishes in the glass desiccator to room temperature. 

3. Weigh exactly 3g of the sample in the dish and weigh another empty dish 

only. 

4. To both the above dishes add exactly Sml of Magnesium acetate tetrahydrate 

solution using bulb pipette. 

5. Keep the above dishes for 20 minutes undisturbed. 
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6. Keep the above dishes on the boiling water bath, till it nearly dry up the 

contents (30 -35 min.). 

7. After that, keep the dishes in the oven at 1020 C for 30 min. 

8. Take out all the dishes .and incinerate on the gas burner at low flame, till it 

completely blackens, taking care it does not burst into flame. 

9. Transfer the dish to the electrical furnace, controlled at 8250 C and heat for 

atleast I hr until all the carbon has disappeared from the dish. 

10. After this, take out the dishes in the desiccator, cool and weigh till constant 

weight. 

Observations: 

Wt. of empty sample dish ~ WI 

Wt of sample dish + sample = W2 

Wt. of sample dish + residue = W3 

Wt. of blank empty dish ~ W4 

Wt. of the blank dish +Wt. of blank residue ~ W5 

Wt. of sample ~ W2 - WI 

Wt. of the residue in the sample dish = W3 - WI 

Wt. of the residue in blank dish ~ W5 - W4 

Calculations: 

Ash of sample as percentage by mass 

= wt. of residue in sample dish - Wt. of residue in blank dish x 100 

SampleWt 
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Experiment 18 Determination of asb content of rennet casein 

Principle: Incineration of a test portion at 8250 C and weighing the residues. 

Apparatus: Same as given in acid casein 

Procedure: 

I. Heat the dish in the electrical furnace, controlled at 825C for 30 min. Allow 

the dish to cool in the desiccator to the room temperature. 

2. Weigh to the nearest 0.1 mg, directly in or by difference into the prepared dish, 

approximately 3 gm of the test sample. 

3. Heat the dish with its contents on a low flame until the test portion is 

completely charred, taking care it does not burst into flame. 

4. Transfer the dish to the electrical furnace, controlled at 825C and heat for 

atleast 1 hr until all the carbon has disappeared from the dish. 

5. Allow the dish to cool in the desiccator to the room temperature and weigh to 

the nearest 0.1 mg. 

6. Repeat the operation of heating in the electrical furnace. cooling and 

weighing, until the mass remains constant to within 1 mg or begins to 

increase. Record the minimum mass. 

Observations: 

Wt of the empty prepared dish (m,) ~ 

Wt. of the dish + sample (m,) ~ 

Wt of dish + residue(rnJ) 

Wt of sample = rn2 - mt 

Wt ofresidue = mJ - mt 

Calculation: 

Ash of sample as percentage by mass 

~ (m ,- m,)xIOO 
(m, - m,) 
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Experiment 19 Determination of fat content in edible casein and caseinates 

Principle: Milk proteins are digested with conc. hydrochloric acid. Liberated fat is 

extracted with alcohol, ethyl ether and petroleum ether. Ethers are evaporated and 

residue left behind is weighed to calculate the fat content. 

Apparatus: Analytical balance; Centrifuge; Drying oven; Boiling water bath; 

MojOlUlier type of fat extraction flasks; Fat collecting dishes- Aluminium dishes, flat 

bottomed, having diameter 80-100 nun and a height of 50 nun. 

Reagents: 

I. Hydrochloric acid solution (p 1.125 glml at 20°C). Dilute 675 ml of conc. 

hydrochloric acid solution (p 1.18 g/ml at 20'C) to 1000 ml. 

11. Ethanol- 95 to 96 % v/v; Diethyl ether - free from peroxides; Light Petroleum

boiling range 40 to 60°C. 

Procedure: 

I) Weigh 2 to 3 gm of test sample into Mojonnier flask. The test portion shall be 

delivered as completely as possible into the lower (small) bulb of the extraction 

flask. 

2) Add 10mi of hydrochloric acid solution so as to wash the test portion into the 

small bulb of the extraction flask. 

3) Heat by gently moving Mojonnier flask in a boiling water bath (avoid charring) 

until all the particles are entirely dissolved. Allow the flask to stand for 20-30 

minutes in boiling water bath and then cool the flask under running tap water. 

4) Add 10 rol of ethanol and mix gently but thoroughly by allowing the contents of 

the flask to flow backward and forward between the two bulbs. 

5) Add 25 ml of the diethyl ether, close the flask with prewetted cork dipped in 

water (at 60-700C for 10-15 minutes) and place it on the shaking machine and 

allow it to shake for 1 minute. 

6) Add 25 ml of the petroleum ether close the flask with prewetted cork dipped in 

water and place it on the shaking machine for 30 seconds. 

7) Centrifuge the closed flask for 5 minutes at 600 rpm. 

8) Carefully remove the cork and rinse it and the inside of the neck of the flask 

with mixed solvent so that rinsing runs into the flask. 
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9) Decant the ether solution from Mojonnier flask into the preweighed aluminium 

dish. 

10) Rinse the outside of the neck of extraction flask with a little of the mixed 

solvent, collecting the rinsing in the aluminium dish. 

II) Evaporate the solvent by keeping the aluminium dish over boiling water bath. 

12) Add 5 ml of the ethanol to the contents of the Mojonnier flask and mix as 

described in Step 4. 

13) Carry out a second extraction by repeating the operations as described in Step 5 

to Step 10, but using 15 rul of diethyl ether and 15 ml of petroleum ether and 

use mixed solvent to rinse the inside of the neck of each Mojonnier flask. 

14) Carry out a third extraction without addition of ethanol by again repeating the 

operations as described in Step 5 to Step 10, but using 15 ml of diethyl ether and 

15 ml of petroleum ether and use mixed solvent to rinse the inside of the neck of 

each Mojonnier flask. 

15) After evaporation heat the fat containing aluminium dish in thl! drying oven at 

102 ± 2° C for 1 hour. 

16) Remove the fat containing dish from oven and allow it to cool and weigh it. 

17) Carry out a blank. test simultaneously with the detennination following Step 2 to 

Step 15, while replacing test portion by 10 rul of water. 

Observations: 

Weight of test sample = mo 

Weight of empty sample aluminium dish = ml 

Weight of sample aluminium dish + extracted matter = ru2 

Weight of empty blank. aluminium dish = m) 

Weight of blank aluminium dish + solvent extract = ffit 

Calculation: 

Fat(%l~ (m,-m,l -(m, -m,l xIOO 
In" 

Experiment 20: Determination of fat content of whey protein concentrate 

Fat content of \\ hey prot~in concentrate is detennined following method as per above 

Experiment No 19, by taking 1.5g sample. 
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Experiment 21 Determination of ash content in whey protein concentrate 

Principle: Whey contains soluble salts like calcium, phosphate, citrate, sodium, 

potassium and chloride. Different whey products differ in terms of their mineral 

contents. Ash determination of whey protein concentrate is carried out in accordance 

with the method stipulated for milk at 525-550° C, by decomposing the organic matter 

and soluble inorganic salts are left behind in the form of ash. 

Apparatus: Analytical balance; Silica or Platinum dish - about 70mm diameter and 25 

to 50 nun deep; Muffle furnace; Desiccator containing silica 

Procedure: 

1) Heat the dish in order to remove any moisture from it. 

2) Cool it in a desiccator at room temperature and weigh. 

3) Weigh accurately in previously heated and cooled silica dish about 10 g of the 

sample. 

4) Char it carefully on a heater or flame . 

5) Heat the sample in a muffle furnace maintained at 525-550° C until white ash is 

obtained. The temperature of the muille furnace should not exceed 550u C 

otherwise lower values will be obtained due to evaporation of certain metal 

chlorides. 

6) Cool the dish in a desiccator at room temperature and weigh accurately. 

Observations: 

Wdght of empty si lica dish (WI) ~ 

Weight of dish + sample (W2) ~ 

Weight of dish + ash residues (W3) "'" 

Weight of sample (W) ~ W2 - WI 

Weight of ash residue (Wa) ~ W3 - WI 

Calculations: 

Total ash percent (w/w) ~ Wiw x 100 
. , . " . , 
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Experiment 22 Determination of lactose content in whey protein concentrate 

Principle: Lactose content of whey protein concentrates (WPC) is determined by 

colour reaction with a solution of sulfuric acid - phenol reagent. 

Apparatus: 

Volumetric flasks - of capacity 100 ml; Auto pipettes - of capacity 20-200~1 , 200-1000 

~I; Test tubes - of capacity about 5 ml with ground necks and ground glass stoppers; 

Automatic dispenser; Water bath - capable of being controlled at 60 to 70°C; 

Photometer - suitable for making measurements at a wavelength of 490 nm provided 

with cells of optical path length 1 to 2 cm; Vortex Mixer 

Reagents: 
1. Phenol - 5% (w/v) solution - Dissolve 5g phenol in distilled water and make up 

the volume to 100mi in a volumetric flask. 

II. Sulfuric acid - concentrated (P20 1.84 glml) 

111. Lactose - 20g/1 solution: Weigh 2.105±0.00 I g of lactose monohydrate, 

corresponding to 2.00 g of anhydrous lactose, into a 100 ml volumetric flask, 

dissolve in water, make up to volume and mix welL Store the solution at DoC. 

Dilute stock solution I: 1 00, to get a final concentration of 0.2 mgt ruL 

Procedure: 
Sample preparation: Dissolve 0.5 g WPC in distilled water and make up the volume 

to 1 00 ml in a volumetric flask. 

Determination: 
I) Pipette 0.4 ml of the sample into a test tube and add 0.4 ml of phenol solution and 

mix by shaking. 

2) Add 2 ml of concentrated sulfuric acid, directing the stream of acid against the 

liquid surface and immediately mix using the mixer. 

3) Allow it to stand for 10 minutes. 

4) Cool the tube to ~ temperature of 20°C. 

5) Measure the absorbance of the solution at 490 nm using the blank solution as 

reference. 

6) For preparali 'n of blank solution - Take 0.4 ml of distilled water instead of 

sample and add reagents as in Step 1 -4. 
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7) Preparation of standard curve - Dispense 0 to 200111 of standard lactose solution 

(200 Jlg/ml) in separate labeled tubes and adjust the final volume to 400 111 using 

distilled water to prepare a dilution series from 10 to 100l1g for preparing standard 

curve. Then add the reagents as mentioned below: 

TubeN •. Blank 81 82 83 84 85 86 
B 

Std. lactose solution 0 20 40 80 120 160 200 
(200 ~g/m1) (~I) 

Distilled water (~I) 400 380 360 320 280 240 200 

Lactose cone. - (10) (20) (40) (60) (80) (100) 
(~g I ml) 

Phenol solution (~I) 400 400 400 400 400 400 400 

Mix the contents using vortex mixer 

Sulfuric acid (ml) 2 2 2 2 2 2 2 

Mix the contents and incubate at room temperature for 15 min., Cool and 
measure absorbance at 490 nm 

. ObservatIOns: 

Tube No. 81 S2 S3 84 85 86 Sample 

Lactose cone. (~g I ml) 10 20 40 60 80 100 -
Absorbance A490 

-

Calculations: 
Draw the calibration curve of absorbance against the concentration of lactose in I1g/ml 

and extrapolate the value for sample as follows: 

100 
% Lactose (as anhydrous lactose) = (C/l0 6 )x-x 100 

0.5 

Where C= concentration in micrograms per milliliters of anhydrous lactose in test 

solution read from the calibration curve. 
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Experiment 23 Polyacrylamide gel electrophoresis of milk proteins 

Principle: Electrophoresis is a powerful technique to separate charged species on the 

basis of charge and molecular size. Polyacrylamide gels are prepared by mixing (in 

aqueous solution) acrylamide, bis-acrylamide, a catalyst (N, N, N', N' - tetra methyl 

ethylenediamine; TEMED), and a free radical initiator (ammonium persulphate). The 

gels are formed as a result of polymerization of acrylamide and N, N' - methylene - bis 

- acry lamide. The pore size in the gel is controlled, by changing the concentration of 

acrylamide in the mixture (for large pore sizes, use low acrylamide concentration and 

vice versa). 

Reaction: 

H,c=CH • I 
c=o 
I 
NH, 

Aaylamide 
(monomer) 

• 

H2C=CH 
I 
c=o 
I 
NH 
I 

'i"' 
NH 
I 
c=o 
I 

H1C=CH 

Methy1enebisacrylamide 

(cross linker) 

Persulfale 
• 

1EMED 

H H H ,---c-c- c- c-c- c--- -
H, I H, I H, ,_ 

c=o c=o y-o 
I I HN 
NHz NH2 I 

CH, 
I • 
NH 
I 
c=o 

H H I 
····c-c-c-c-c-c···· 

H21_HzIH2H 

i-o c=o 
NH I , NH, 
CH . 
, ' 

Poly~rylarnide 

Several polyacryamide gel electrophoresis PAGE methods are used in the analysis of 

milk proteins as no single method resolves all milk proteins satisfactori ly. Three gel 

systems are commonly used for the analysis of milk protein i.e. alkaline urea PAGE, 

Sodium dodecyl sulphate (SDS) - PAGE, Native (non dissociating) PAGE. 
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Protocol I: Polyacrylamide gel electropboresis of caseins 

Tbeory: Alkaline urea PAGE resolves casein and a high concentration of urea is 

included into both gel system and sample buffer, to disrupt the association between 

casein species thereby allowing proteins to migrate as monomers. 

The PAGE method described below is based on continuous buffer system. 

Equipments: Mini slab gel electrophoresis unit, power supply 

Reagents: 

Acryamide solution: 4.5% (w/v) acrylamide and N, N'· methylene bis 

acrylamide (BIS) (30:0.8) in Tris - EDTA - Barbitone buffer (25mM Tris- Hel , 

pH 7.9, 3mM EDTA, 27mM barbitone) containing 4.5M urea. 

II Ammonium persulphate (APS): 10% (w/v) in water 

III Tetramethylenediamine (TEMED) 

IV Bromophenol blue: 0.4% (w/v) in water 

V Glycerol 

VI 2-Mercaptoethanol 

vii Staining reagent: 0.4% Amido black in methanol I waterl acetic acid (5:5: 1) 

(v/v) 

viii Destaining solution: Acetic acid I water (1: 15) (vI v) 

IX Electrode buffer: (TEB buffer) 25mM Tris - Hel pH 7.9 (adjust with 1M Hel), 
3mM EDT A, 27mM barbitone 

x Sample buffer: TEB buffer containing urea 

Casting of gel 

25mM Tris - Hel pH 7.9 (adjust with 1M Hel), 3mM EDTA, 
27mM barbitone, 6.0 M urea 

I) A pair of dry glass rectangular plates (100 mm x 80 mm) is taken. 

2) A rubber gasket is applied along three sides of the plate with rounded corner. 

3) Place the spacers along with inside edges of gasket on each of the short sides of 

plate. 

4) Place the other glass plate on it and this gel casting assembly is secured by 

clamping the bottom edge with casting clamps first and then both the sides. 

5) Allow the assembly to stand on bottom clamp. 
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6) Take 10 ml of acrylamide gel solution into a Buchner flask and degas under 

vaccum with stirring for 15 min. 

7) Add the 50~1 APS and 15~1 TEMED and mix by gently swirling after each 

addition. 

8) Deposit 4.5 ml of the resolving gel solution in between the assembled glass 

plates of gel assembly until the cavity is full. 

9) Insert well forming combs into the gel solution, avoiding trapping air bubbles 

underneath the combs. 

10) Allow to polymerize at room temperature for at least 30 min. Remove combs 

and overlay sample wells with enough water to fill completely. 

11) Remove the clamps of gel assembly and lower it into the electrode butTer 

reservoir and secure the plate along both side with clamps. 

Sample preparation and loading: 
I. Dilute samples (Casein 0.6 mg/ml / Skim milk, 1 :40 diluted I Purified proteins 

0.1 mg/ml) in TEB sample buffer containing 6.0 M urea. Reduce the samples 

with 20J.11 mercaptoethanol l ml and incubate at room temperature for 1 h. 

2. Remove overlayered water from polymerized gel and fill the upper reserviour 

with the electrode buffer and load 10 J.11 of sample per well with the help of a 

micropipette. 

Electrophoresis run: 
Connect the electrophoresis apparatus with the power supply and run gel 

according to the following conditions: 

Voltage V Current rnA PowerW Time h 

210 70 6.5 1.411. 7 
.. 

Flxmg and stammg: 

Immediately after electrophoresis run is over, remove the gel plate and carefully 

takeout the gel and drop in staining solution for 10 min. 

Destaining: 

Drain of!" the staining solution and gel is rinsed with the destaining solution. 

Place the gel in destaining solution with several changes, until the background is 

clear. 

Observations: Record the resolution of casein bands and their mobility 
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Protocol II: Polyacrylamide gel electrophoresis of whcy proteins 

Two systems based on SDS-PAGE and Native PAGE are commonly used methods for 

PAGE of whey proteins. Methods described below are based on discontinuous buffer 

systems utilizing a stacking gel to concentrate proteins into a narrow zone prior to 

entering the resolving gel. 

Theory: 

Sodium dodecyl sulphate (SDS) - PAGE: In this system the proteins are separated 

based on their masses. SDS is an anionic detergent that disrupts the non covalent bonds 

through its ability to absorb to hydrophobic and positively charged sites on the proteins. 

Mercaptoethanol is used as reducing agent to dissociate the polypeptide chains linked 

by disulfide bridges. Most proteins bind similar amounts of SDS per unit mass. The 

original charge on the protein now becomes insignificant compared to the negative 

charges provided by the bound detergent. The SDS - protein complexes migrate in 

polyacrylamide gels according to their polypeptide size. A plot of the 10g lO of protein 

molecular weight versus relative mobility shows a linear relationship between the two. 

Thus a standard curve can be constructed for proteins of known molecular weight and 

used to estimate the molecular weights of unknown proteins. Whey proteins are 

resolved with a well-defined bands and low background staining. 

• • 
6.C. ,.~ =-J J 
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Native - PAGE: PAGE resolves proteins on the basis of charge, size and conformation. 

Whey proteins are well resolved. Background staining is somewhat higher than alkaline 

urea or SDS-PAGE. 

Equipments: Mini slab gel electrophoresis unit; Power supply 

Reagents: 

L Stock acrylamide: 30% (w/v) acrylamide and N. N'- methlene bis 

acrylamide (BIS) (30: 0.8) 

II . Ammonium persulphate (APS): 10% (w/v) in water 

Ill. Tetramethylenediamine (TEMED) 

IV. Bromophenol blue: 0.4% (w/v) in water 

v. Glycerol 

VI. 2-Mercaptoethanol 

Vlt. SDS: 10% (w/v) in water 

viii. Staining reagent: 0.05% Coomassie Brilliant Blue R III isopropanol 

lacelic acid Iwaler (2.5: I : 6.5)(v/v) 

IX. Destaining solution: isopropanol lacetic acid! water (1: I: 8) (v Iv). 

Casting of gel 

1. A pair of dry glass rectangular plates (100 mm X 80 nun) is taken. 

2. A rubber gasket is applied along three sides of the plate with rounded comer. 

3. Place the spacers along with inside edges of gasket on each of the short sides of 

plale. 

4. Place the other glass plate on it and this gel casting assembly is secured by 

clamping the bottom edge with casting clamps first and then both the sides. 

5. Allow the assembly to stand on bottom clamp. 
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3) Deposit 3.30 ml of the resolving gel solution in between the assembled glass 

plates of gel equipment. Carefully overlay with 200 .... 1 of water, pipetting down 

the side of the glass plates. 

4) Allow to polymerize at room temperature for atleast 30 min. 

Preoaration of stacking gel' 

Gel system SDS Native 

Acrylamide stock 0.65 ml 0.25 ml 

Resolving buffer 1.25 ml 2.5 ml 

Water 3.05 ml 2.25 ml 

10% SOS stock 50 fll -

APS 25 fll 251" 

TEMEO 5 fll 5 fll 

1) Measure the quantities described above in the table except SDS, APS and 

TEMED, for the required Gel system into a Buchner flask and degas under 

vaccum with stirring for 15 min. 

2) Add the SOS, APS and TEMEO gently swirling after each addition. 

3) Remove the liquid from top of the resolving gel and pipette stacking gel 

solution carefully on the top of the polymerized resolving gel until the cavity is 

fulL 

4) Insert well forming combs into the stacking gel solution, avoiding trapping air 

bubbles underneath the combs. 

5) Allow to polymerize at room temperature for atleast I h. Remove combs and 

overlay sample wells with enough water to fill completely. 

6) Remove the clamps of gel assembly and lower it into the electrode buffer 

reservoir and secure the plate along both sides with clamps. 
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Sample preparation: 

Gel system SDS Native 

Casein 0.6 mg l mI -
Liauid whey Dilute 1: I Dilute I : I 
Skim milk Dilute 1 :40 Dilute 1:20 
Mixture of O.lmg/ml 0.1 mg / ml 
standard Droteins 

1. Dilute samples m appropriate sample buffer accordmg to the table above. 

Reduce the SDS samples with 20}l1 mercaptoethanol I ruL Stand at room 

temperature for I h. Heat SDS samples in a boiling water bath for 4 min. 

2. Remove overlayered water from polymerized stacking gel and fiU the upper 

reservoirs with the electrode buffer and load 10 III of sample per well with a 

micropipette 

Electrophoresis run: 
COlUlect the electrophoresis apparatus with the power supply and run gel 

according to the appropriate conditions given below: 

Gel system Volta •• V Current mA PowerW Timeh 
SDS 210 70 6.5 0.9/1.1 
Native 210 70 6.5 1.3/1.5 

Fixing and staining: 

Immediately after electrophoresis run, remove the gel plate and carefully 

takeout the gel and drop in staining solution for lh. 

Destaining: 

Drain off the staining solution and gel is rinsed with the destaining so lution 

and place the gel in destaining solution with several changes, until the 

background is clear. 

Observations 

1. Record the resolution of whey proteins in native PAGE. 

2. Record the mobility of standard proteins for SDS-PAGE and draw a 

standard curve of their mobility versus log (moLwt). The mol wt of protein 

in the sample is obtained by comparison of its mobility from the standard 

curve. 
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Experiment 24 Separation of mixture of amino acids and their identification by 

paper chromatograpby 

Theory & Principle: Chromatography is a technique for separating components of a 

mixture as they are carried by a mobile fluid phase through a stationary solid or liquid 

phase. The separation is achieved because the _mobility of each solute depends on its 
• 

distribution between the mobile phase and the stationary phase. Solutes with higher -affinity for the stationary phase will move more slowly than solutes with a higher 

affinity for the mobile phase. Circular filter paper chromatography is the simplest form 

of chromatography to separate the solute components. The predominant factor in the 

separation of solutes on paper is the partition between the two immiscible phases. 

Theoretically, the paper functions as an inert support for the aqueous solvent. Partition 
• 

takes place between the stationary aqueous phase and the moving solvent phase. The 

solute moves in the direction of solvent flow at a velocity, which is governed by its 

attraction for either stationary aqueous phase or moving solvent phase. This is 
• • 

characterized by the tenn Rf (Relatiye to front) valu~ which is the distance solute 

migrated from the starting point divided by the distance traveled by the solvent front. 

Under given set of physical conditions of temperature, pH etc. the Rf value of a 

arti 

identify unknown compounds. 

The amino acids in a mixture are separated by paper chromatography, using filter paper 

in a horizontal position with a wick serving as a capillary to the solvent, connecting the 

centre of the paper. A petridish cover makes a suitable chamber for supporting the 

paper. The mixture is spotted equidistant from centre and dried. Then connected to 

solvent front using wick and allowed to develop. The solvent front is marked and after 

drying the paper, the positions of the compounds present in the mixture are visualized 

using ninhydrin spray. Amino acids reduce the oxidized form of ninhydrin to its 

reduced form with the liberation of ammonia and carbon dioxide. The oxidized and -!educed Conn of ninhydrin in the presence of ammonia gives cplplJ( complex blue for 

all a-amino acid:, and yellow for proline and hydroxy prolin:,J 
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ALKALINE UREA PAGE OF CASEINS 

Cow Buffa lo 
Milk Milk 

Buffalo co lostrum 

SDS PAGE PATTERN OF WHEY PROTEINS 

I 

I 

\ 

Lane 1: Molecular we ighl markers (phosphOly lase B. 97.4 kDa: BSA. 66 kDa; 
Ovalbumin, 43 kDa; Carbonic anh ydrase. 29 kDa: soyabean trypsin inhibitor. 20.1 kDa: 
lysozyme, 14.3 kDa) . 

Lane 2-6: Cow Whey samples 



Reactions: 
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Apparatus: 

Petri dish (140mm, diameter) Two nos. 

Capillary tubes 

Reagents: 

Whatman Filler pav~r No. I 

Solvent mixture: n-butanol: acetic acid: water (4:1: 5) (v/v) 

Spraying reagent: 0.1 % Ninhydrin solution in acetone 

Amino acid standards (alanine, glycine and aspartic acid) and their mixture 

Procedure: 

I. Cut a filter sheet in a form of a circular disc of about 18-22 cm in diamekr or 

slightly bigger than the size of petridish to be used in experiment. 

2. Make a circle of 1.5 to 2.0 cm in diameter with a lead pencil in the centre of the 

circular piece of the paper and mark four equidistant circular regions from the 

centre. 

3. Make a hole by means of a sharp instrument in the centre of filter paper and 

prepare a wick from the piece of filter paper separately. 

4. Spot the three given standard amino acids solution and the mixture in the four 

circular spots already marked in duplicates. The wet area should not spread 

beyond the marked spots. Allow the spot to dry in air and apply once more. 

5. Pour the given solvent into the petri dish. 

6. Insert the wick in the hole of the circular filter paper and place the paper over 

the petridish containing the solvent so that the wick just touches the bottom of 

the petridish. Cover the paper so that the disk is well supported by the petridish 

cover. The development proceeds at room temperature until the solvent has 

migrated to the edge of the petri cover. 

7. Mark thl' solvent front and allow the paper to dry. Then spray with ninhydrin 

solution. 
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8. Place the chromatogram in hot air oven at 70°C for about Smin. 

9. Purple colour zones of amino acid will appear and mark the area of these zones 

with pencil. 

Observations: 

Distance traveled by the solvent front (a) ~ 

Distance traveled by the standard amino acids (bl , b2, b3) ~ 

Distance traveled by the amino acid in the mixture = 

Calculations: 

Rf value = Distance traveled by the amino acid !Distance traveled by the solvent 

front. 

Identify the amino acids by comparison with the Rf value of standard amino acids. 

Rfvalues of amino acids in paper chromatography 

Amino acid Rfvalue 
Histidine 0.07 
Serine 0.10 
Lysine 0.10 
Arginine 0. 11 
Aspartic acid 0.13 
Glutamic acid 0.16 
Glycine 0.17 
Alanine 0.22 
Threonine 0.22 
Proline 0.30 
Tvrosine 0.32 
Methionine 0.40 
Valine 0.47 
Tryphothan 0.47 
Isoleucine 0.55 
Phenylalanine 0.58 
Leucine 0.60 
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Experiment 2S Separation ofwbey proteins by gel pnmeation cbromatography 

Theory & Principle: The primary objective of gel permeation chromatography is to 

achieve rapid separation of molecules on the basis of their size. The gel, which is in 

bead form for easy column packing, consists of an open, cross-linked three-dimensional 

molecu1ar network of pores into which molecules of less than maximum pore size may 

penetrate. The pores within the beads are of such sizes that some are not accessible to 

large molecu1es, but smaller molecules can penetrate all pores. The extent to which a 

mokcule enters the pores depends on its shape as well as molecular weight. Therefore, 

separation depends on the difference in the ability of various molecules to enter these 

pores. Proteins above the molecular weight exclusion limit cannot enter the pores. 

Consequently, they come through the column as a sharp peak in the void volume (Vo). 

The elution volume of the small molecules included in the pores is designated as total 

volume (VI)' The elution volume for a given protein will lie between Vo and VIand is 

designated the elution volume, Ve. Intermediate sized proteins will be fractionally 

excluded with a characteristic value for Ve. A partition coefficient for each protein can 

be determined as Kav= (V c- V o)/(V 1- Yo) and represents the fradion of the stationary gel 

volume which is available for diffusion of a given solute species. 

This technique is generally used to separate whey proteins due to large differences in 

molecular weight of different whey proteins, however, casein are poorly resolved due 

to their similarities in size. At pH 7.0 ~-Lactoglobulin exists predominantly as dimer 

(36kDa), and sufficiently different from 0.- Lactalbumin (14kDA) and serum albumin 

(66kDa). 

Reagents: 

Sephadex 0-100 

Phosphate buffer: (20mM, pH 6.0) containing I OOmM Nael 

Dextran blue 2000: 2mglml in above buffer 

Potassium chromate: J mglml in above buffer 

Standard proteins: 10mg of each marker proteins (lactoferrin 78kDa, bovine serum 

albumin 66kDa, Ovalbumin 43kDa, p-Lacloglobulin 36kDa and 0-

Lactalbumin 14kDA) were dissolved in 2 ml of above buffer. 
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Apparatus: 

Glass column (1.6 em x 100 em) 

Perista1tic pump 

Fraction collector 

UV - flow cell 

Recorder 

Sample preparation: Dissolve 2.5g whe.y protein COfl~enlfate (WPC -35) in Phosphate. 

buffer: (20mM, pH 6.0) containing 30mM NaCI and malt: lip the volume to SO ml, 

resulting about 17mg I ml protein content. 
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Procedure: 

Preparation of matrix: 

20g of Sephadex G- 100 is soaked in excess of phosphate buffer (20mM, pH 6.0) 

containing 1 OOmM NaCI for 48h. The equilibrated gel is degassed under low vacuum. 

Packing of column: 

I) Hold the column vertically in a retort stand. 

2) After closing the outlet, pour degassed buffer (about 5-10% of bed volume) 

down the column. 

3) Pour the gel slurry into the column using a glass rod, to direct the gel down the 

side of column, avoiding air entrapment. 

4) Adjust the flow rate of buffer at 2mV min. 

5) Once the column is packed, excess buffer is removed leaving 2 em of buffer 

above gel bed. 

6) Close the outlet valve and place the top flow adaptor carefully. 

Equilibration: 

The packed column is allowed to equilibrate against the final buffer by passing three 

column volumes at I mV min. 

Calibration of column: 

I) For the calibration of column for void volume and total volume, carefully layer 

up 1 ml of the preparation of blue dextran and potassium chromate in buffer 

over the gel bed. 

2) Open the outlet and allow the sample to enter the gel bed. 

3) When the surface of solution reaches the gel bed, carefully add I mlofbuffer. 

4) Pump the buffer onto the column at a flow rate of ImV min. under positive 

pressure as per scheme shown in Fig. 

5) Collect the fractions of 5 ml size using fraction collector and monitor their 

absorbance at 540 nm using spectrophotometer. 

Application of slandard proteins: 

Load the column with I rnl of standard proteins and run the column as mentioned above 

and monitor the ;lbsorbance at 280 run using UV-monitor recorder and determine the 

elution volume of each marker protein. 
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Gel Permeation Chromatography 
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Application of sample: 

Load up to 2.0 ml of sample on to the colwnn at a flow rate ImVrnin. 

Elute at flow rate of 40 mllh, collecting appropriate fractions as mentioned above. 

Observations: 

Elution volwne of blue dextran Vo = 

Elution volume of potassiwn chromate VI = 

Elution volume of standard protein 1 (Vel) = 

Elution volume of standard protein 2 (Ve2) = 

Elution volume of standard protein 3 (Ve3) = 

Elution volume of standard protein 4 (Ve4) = 

Elution volume of standard protein 5 (VeS) = 

Elution volume of sample proteins Ves1 ; V es2; V e31 = 

Calculations: 

1(" ~ (V,-V,) I (V,- V,) 

Determine Kav value for each standard protein and plot the standard curve of Kav versus 

log (Mol. wt). 

Determine the Kav of sample proteins and calculate their molecular weight from the 

above standard curve. 

Results: The molecular weight of major whey proteins corresponds to ------ , ------ and

------ respectively. 
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4. Zinc - Copper precipitant- Dissolve 3 g of zinc sulphate and 0.6g of 

copper II sulphate in water and make up the volume to 100m!. 

5. 2,6- Dibromoquinonechloroimide (BQC) solution (Gibb's reagent) 

Dissolve 40mg of 8QC in 10 ml of 96 % (v/v) ethanol. 

6. Copper sulphate solution- Dissolve 0.05g of copper sulphate in water 

and makeup the volume to 100 ml. 

7. Sodium hydroxide solution- 0.5 N 

8. Standard Phenol solution: Weigh 200 mg of anhydrous phenol , transfer 

to a 100mivolumetric flask, fill to the mark with water and mix. 

Working phenol solution: Dilute 10 ml of this stock solution to 100m! 

with water and mix. One m! of this stock solution contains 200 ~g of 

phenoL 

Procedure: 

Preparation of sample: Mix the sample of milk with moderate heating provided the 

temperature of mixing shall not exceed 35° C. 

Determination: 

I) Pipette 1 ml of test sample into each of the two test tubes, using one tube as 

blank. 

2) Heat the blank for 2 min in boiling water, cover the tube and beaker of boiling 

water with aluminium foil to ensure that the entire tube is heated. Cool to room 

temperature. 

3) Add 10 rnl of the buffer substrate in each oftest sample and blank tube and mix. 

4) lmmediately incubate in the water bath at 37C for 60 min, mixing the contents 

occasionally. 

5) After incubation period, heat both the tubes in the boil.ing water bath for 2 

minutes. Then allow it cool at room temperature. 

6) Add 1 m! of zinc copper precipitant into each tube and mix thoroughly. 

7) Filter the contents through Whatman No 42 filter paper, discard the first few 

drops and collect 5 ml clear filtrate in a test tube. 

8) Add 5 ml of colour development buffer, followed by 0.1 ml8QC solution, mix 

and allow the colour to develop for 30 min at room temperature. 
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9) Measure the absorbance against the blank at 610 om using spectrophotometer. 

10) Repeat the determination with appropriate dilution of the sample if the 

absorbance exceeds the optical density of the standard containing 20 Ilg of 

phenol per tube. 

11) Prepare this dilution by mixing one volume of the test sample with an 

appropriate volume of a part of the same test sample heated carefully to boiling 

in order to inactivate the phosphatase. 

12) Preparation of standard curve; 

Prepare a series of diluted standard phenol solution containing 0 (blank), 2-20 

Ilg of phenoUml in each of five test tubes and add distilled water and other 

reagents as mentioned below: 

Test Tube No. Blank I 2 3 4 5 

Phenol 0 20 50 100 150 200 
I (200~g/ml) (~I) 

Distilled water 2000 1980 1950 1900 1850 1800 
I (~I) 

Final conc. 0 2 5 \0 15 20 
(phenol) 

I ("i>giml) 
Copper 1 1 1 1 1 1 
sulphate 
solution (ml) 
Colour dilution 5 5 5 5 5 5 
buffer (m\) 
Dis{illed water 3 3 3 3 3 3 

I (ml) 
BQC (m\) 0.1 0.1 0.1 0.1 0.1 0.1 

Mix and keep at room temperature for 30 minutes 

Measure the absorbance at 610 om 
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Observations: 

Tube No. Phenol Absorbance 
concentration (610 run) 

Standard I 2 ~g!ml 

Standard 2 5 ~g/ml 

Standard 3 10 ~g/ml 

Standard 4 15 ~g/ml 

Standard 5 20 ~g/ml 

Sample 

Cakulations: 

Prepare the standard curve by plotting the absorbance against the concentration of 
phenol, in microgram. 

Convert the absorbance of test sample to microgram of phenol by reference to 
calibration curve. 

Calculate the phosphatase activity, expressed as micrograms of phenol by means of 
following formula: 

Phosphatase activity = 2.4 x A x D 

Where A = quantity of phenol in microgram as obtained above for test sample 
D = dilution factor of test sample (ifany) (0= I, ifno dilution) 

74 



Experiment 27 Determination of xanthine oxidase activity of milk 

Principle: Xanthine oxidase can be determined from the rate of formation of urate from 

xanthine as measured by the increase in the rate offormat.ion of urate. 

Xanthine oxidase 

+ H,O 

-2e, - 2W 

Xanthine Uric acid 

Apparatus: 

Reagents: 

I. Centrifuge tube: 10mi capacity 

II. Auto pipette: 20-200~1, 200 - 1000 ~I 

III. Graduated pipette: I ml, 2ml 

IV. Vortex mixer 

v. Lab. Centrifuge 

VI. Spectrophotometer 

I. Phosphate buffer (SOrnM, pH 7.5) 

II. Xanthine substrate: Dissolve IOmg of xanthine in phosphate 

buffer (SOrnM, pH 7.5) and make up the volume to 100 ml. Dilute 

1:5 this solution with same buffer to obtain 0.02mg / ml 

concentration. (This substrate is prepared freshly) 

Ill. Trichloroaceticacid (TCA) (20%): Weigh 20g ofTCA and make 

up the volume to 100mI. 

Procedure: 

1. In a centrifuge tube deliver the following solution successively; 

a) I rnl Phosphate buffer (SOrnM, pH 7.5) 

b) 0.2 rnl milk sample 

c) 0.8 ml distilled water 
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d) I mI of substrate 

Vortex mix and incubate at 3.,oc for 0 min and 5 min by stopping the 

reaction with 1 mI TeA solution. 

2. Prepare blank solution in another centrifuge tube by adding following 

solution: 

a) I ml Phosphate buffer (SOmM, pH 7.S) 

b) 0.2 mI milk sample 

c) 1.8 mI distilled water 

Mix aod add I mI TCA solution. 

3. Centrifuge both sample aod blank at 6000rpm for 10 min at 2S' C. 

4. Measure the absorbance of supernatant at 290run against blank. 

Observations: 

Absorbaoee of sample at 0 min (Ao) ~ 

Absorbaoee of sample at S min (As) ~ 

Change in absorbance M I min ~ (As -Ao) / S 

Calculation: 

. . . .. MxlO00x4xDfxl000 
Xaothine oXIdase actIVIty of mIlk (mU / mI) ~ • 

1.22xl0 xO.2 

Unit of activity: 

One unit of activity is defined as that fonning one micromole of urate per minute at pH 

7.4 and 25° C. The molar absorption coefficient of urate is 1.22 x 104 L M"lcm-1 
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Experiment 28 Determination of lipase activity of milk 

Principle: Triacylglycerols are hydrolysed to yield fatty acids. Samples are drawn from 

reactive mixtures and reactivity is quenched by addition of sulfuric acid and ethanol. 

The liberated fatty acids, extracted with a mixture of ether and petroleum ether, 

determined by titration with alcoholic KOH to a thymolphthalein end point (PH range 

9.3 - 10.5). 

Reaction: 

o 
CH,-{)--!l-R, 
I ~ 
CH-o--C-R, 

L~J-~; 
Apparatus: 

Burette 

Lipase ... 

Erlenmeyer flask (SOml, ISOml) 

Pipette: I ml, Sml, IOmI, 20ml, 

Test tubes 

Reagents: 

CH,OH 
I 
CHOH 
I 
CH,OH 

a) Tris - HCI buffer (SOmM, pH 8.6) 

R,COOH 

R,COOH 

R,COOH 

b) Substrate: Dissolve 109 gum acacia in 90ml oftris-Hel buffer. Suspend 109 of 

butter oil in 90 ml of above mixture, by using lab blender or sonication. 

c) Suh"lliic acid 20%: Dilute acid by adding 20 ml of conc. sulfuric acid to 80ml 

distilled water. 

d) Ethanol (95 %) 

e) Alcoholic KOH (O.OIN) 

f) Thymolphthalein indicator (1 % w/v) 
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Procedure: 

I. The assay system consists of one ml of milk, 5 ml substrate in total volume of 

20ml made by addition of 9ml tris-HCI buffer and 5 ml distilled water in a 50 

ml Erlenmeyer flask. 

2. The mixture is thoroughly mixed and incubated at 3i'C for I h. 

3. The reaction is stopped by adding 0.4 ml of 20% sulfuric acid and 15 ml of 

ethanol. 

4. The liberated fatty acids are extracted with 30 ml of ether - petroleum ether 

(1: I) and titrated against Nil 00 alcoholic KOH using thymol phthalein indicator 

in a 150 ml Erlenmeyer flask. 

5. A zero min. reaction is taken as blank. 

Observations: 

Volume ofN/ IOO alcoholic KOH used for sample ~ 

Volume ofN/ IOO alcoholic KOH used for blank ~ 

Uuit of activity: 

One lipase unit is equivalent to a preparation, which could liberate fatty acids 

requiring one ml of NIl 00 alcoholic KOH with one-hour incubation period at 

37' C. 
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Experiment 29 Determination of lactoperoxidase activity of milk 

Principle: Lactoperoxidase catalyses the oxidation of peroxide and transfers the 

oxygen to substrate. In this method, the lactoperoxidase present in milk oxidizes 

substrate ABTS in the presence of hydrogen peroxide to fonn a green coloured 

(ABTSj reaction product, which is measured by continuous spectrophotometric rate 

detennination. 

Reaction: 

Abbreviation used: 

ABTS ~ 2,2'-Azino-bis(3-Ethylbenzthiazoline-6-Sulfonic Acid) 

Apparatus: 

Auto pipette: 20-200~1, 200 - 1 000 ~I 

Graduated pipette: Iml, Srn1 

Volumetric flask: 2Sml, SOml, 100ml 

Glass cuvettes lcm path length, 3.5ml capacity (Two nos.) 

Spectrophotometer Double beam (Cary3 or Specord 200 or equivalent with time scan 

facility) 

Reagents: 

A. 100 mM Potassium Phosphate , Monobasic Solution: 

Prepare 100 ml in deionized water using Potassium phosphate, monobasic, 

anhydrous. 

B. 100 mM Potassium Phosphate Dibasic Solution: 

Prepare 100 ml in deionized water using Potassium phosphate, dibasic, 

trihydrate. 
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I. Phosphate buffer (O.IM, pH 6.0): Prepare 100 ml by adjusting the pH of Reagent 

A to 6.0 at 2SQ C with Reagent B. 

ll. Phosphate buffer (O.IM, pH 7.0): Prepare 100 ml by adjusting the pH of Reagent 

A to 7.0 at 25'C with Reagent B. 

iii. Phosphate butTer saline containing gelatin (PBSO): Dissolve 0.1 g of gelatin and 

0.8875 g NaCI in 100 m! Phosphate buffer (O.IM, pH 7.0). 

IV Substrate Solution 2, 2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic Acid) 

Diammoniwn Salt (prepare fresh) 

ABTS substrate solution (IrnM): Dissolve 55mg of ABTS in phosphate buffer 

(O.IM, pH 6.0) and make up the volume to 100m! in volumetric flask) 

v. Hydrogen peroxide solution 

a) Stock solution (100 rnM): Prepare standard solution (100 mM) of hydrogen 

peroxide by titration against potassium permanganate solution and keep it at 

4°C. 

b) Working solutiou (3.2 mM): Immediate before use, dilute the stock solution 

of hydrogen peroxide by taking 3.2 ml of 100rnM solution in a 100mi 

volumetric flask and makeup the volume to lOOml with distilled water. 

Sample preparation: Dilute samples of milk or whey 1 :250 using PBSG. 

Procedure: 

1) Pipette 3.0 ml of ImM ABTS solution into each of two-glass cuvette, then add 

O.trot of milk sample, mix the contents using teflon lid and place the cuvette in 

the spectrophotometer. 

2) Adjust the absorbance to zero. 

3) To the reference cuvette, add 0.1 ml distilled water, mix and place in the 

spectrophotomder, while, start the reaction in the sample cuvette by adding 0.1 

ml hydrogen peroxide solution, mixing the contents and immediately place the 

cuvette in the spectrophotometer and start measurement of absorbance at 412 

run as a function of time by recording absorbance after every IOsec interval for 

2 minutes. 

.'. 
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Observations: 

Time (sec) 10 20 30 40 50 60 70 80 90 100 120 

Absorbance 

(A.I2) 

Calculations: 

Prepare a plot of Time Vs Absorbance and detennine the slope of the line (i.e. change 

of absorbance I:1A / min). 

L 'd .. (UI I LlAx3.2xlx250 actoperoxi ase activity m) =='---=--=--== 
32.4xO.lx2xl 

= 0.49381:1A 4121 min units of lactoperoxidase per ml of sample. 

3.2 = Total volume (in milliliters) of assay 

1 :250 = Dilution factor 

32.4 = Millimolar extinction coefficient of oxidized ABTS at 412nm 

0.1 = Volume (in milliliter) of enzyme used 

Unit of activity: 

One unit of lactoperoxidase activity is defined as that amount of enzyme catalyzing the 

oxidation of 1 ~mole of ABTS per minute at 200 c . 

. ' 
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Experiment 30 Evaluation of degree of hydrolysis of casein 

Theory and Principle: Protein hydrolysates are produced by limited hydrolysis of 

protein molecules yielding polypeptides that are smaller in molecular mass. Enzymes 

from different sources differ in their specificity with regard to amino acids. Hydrolysis 

of milk proteins is performed to improve their functional and bio-functionaJ properties. 

Hydrolysates produced are measured for the free amino groups released using 

ninhydrin reaction. Amino groups react with ninhydrin hydrate at pH 5 and 100° C for a 

standard period of time, yielding a purple blue compound, the ammonium salt of 

diketohydrindylidene - diketohydrindamine, as the major product. Amino groups 

generally react with ninhydrin to yield carbon dioxide, ammonia and usually an 

aldehyde of one carbon atom less than the original amino acid. Ninhydrin also reacts 

with ammonia and primary amines. The absorbance of the purple-blue product is 

measured at 570 run. Proline and hydroxyproline give a yellow product whose 

absorbance is measured at 440 run. Degree of hydrolysis is measured based on the 

number of peptide bonds hydrolysed at a specific time divided by total amount of 

peptide bonds. 

• 

Ninhydrin Reaction: Same as given in Experiment No. 24 

Reagents: 

I. Citrate butfer (200mM, pH 5.0) Dissolve 21g citric acid monohydrate in 400ml 

water. Adjust pH to 5.0 with IN NaOH. Make volume to 500mi with water. 

2. Ninhydrin reagent: 

a) Stannous chloride solution (7mM): Dissolve O.4g SnCh.2H20 m 

200mM citrate buffer and make up the volwne to 250m!. 

b) Ninhydrin solution (4 % w/v): Dissolve 109 crystalline ninhydrin in 2-

Il kthoxyethanol and make up the volume to 250 ml. 
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Combine 250 rn1 ofreagent (a) with 250 ml of reagent (b). Purge with nitrogen 

and store in dark bottle for upto one week at 4° C. 

Procedure: 

Preparation of substrate: Disperse 1 g of casein in 50 ml distilled water in a 250ml 

beaker and place it over magnetic stirrer. By slow stirring, dissolve the protein by 

adding dropwise 3-5 ml of O.IN NaOH. Adjust the pH to 7.0 using IN Hel solution 

and make up the volume to 100mi in a volumetric flask with 50mM phosphate buffer, 

pH7. 

Hydrolysis: 

1. Weigh 20mg of enzyme trypsin for hydrolysis of 100m! casein solution 

containing Ig protein at Enzyme: substrate ratio of 1:50. 

2. Before adding enzyme, transfer 1ml of the sample to a 13 x 100-mm glass tube 

to be used for detennining free amino groups in the substrate. 

3. Add enzyme to the remaining substrate solution and stir the mixture throughout 

the course of reaction using electric stirrer in water bath at 37°C for 4 h. 

4. Take I ml sample at 1 h interval and transfer to glass test tubes. Immediately 

inactivate the enzyme by transferring the sample to water bath at 90° C for 10 

mill. 

Measurement of degree of hydrolysis: 

5. Prepare a series of I ml calibration standards by diluting 1.5mM leucine 

standard solution containing 0.01 to 0.15 amino meq Ig in phosphate buffer 

(50mM, pH 7). Also prepare a series of proline standards in the same manner. 

6. Prepare a blank containing 1 ml of phosphate buffer alone. 

7. Add 0.2 ml ninhydrin reagent to each tube (Steps 3, 5, 6 and 7). 

8. Heat at 100° C for 10 min and cool to room temperature. 

9. Measure absorbance at 570 nm for any amino acid and at 440 om for proline & 

hydroxyl proline. 

10. Create separate calibration curves for leucine and proline by plotting A570 or 

At40, respectively, versus equivalent amino acid standard concentration. 

11. For each time point, determine the concentration equivalents of amino groups in 

the samples by extrapolating from each standard curve. 
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12. For each time point, separately detennine the amount of re leased amino groups 

(h) by subtracting the value of the corresponding unhydrolyzed control in the 

corresponding standard curve. 

Standard curve for Leucine! proline 

Tube Leucine (1.5 meq/g) Distilled Concentration 

no (ml) water meq/g 

(ml) 

\ 0.05 0.95 0.075 

2 0. \0 0.90 0. \5 

3 0.20 0.80 0.30 

4 0.40 0.60 0.50 

5 0.60 0.40 0.90 

6 0.80 0.20 \.20 

7 1.00 0.00 1.50 

Observations: 

Tube no \ 2 3 4 5 6 7 

Leucine 0.075 0. \5 0.30 0.50 0.90 1.20 1.50 

Conc. 

meq/g 

Abss10 

Tube no \ 2 3 4 5 6 7 

Prol ine 0.075 0. \5 0.30 0.50 0.90 \.20 1.50 

Conc. 

meq/g 

Abs.40 
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Sample: 

Time 0 lh 2h 3h 4h 

interval 

AS70 

A.40 

Calculations: 

Draw the standard curve for each amino acid (leucine & proline) conc.(meq I g) Vs 

absorbance and determine their respective value for intercept and slope of the line. 

For leucine 

Slope of line 

Intercept of line 

m 

b 

For proline 

Slope ofline 

Intercept of line 

m' 

b' 

Thus the number of equivalents of peptide bonds hydrolyzed (h), expressed as meq/g 

protein from following equation is: 

- hi h'l h Control - As70 XI m + A«o X 1 m' 

- hi h'l h Ihour - i1s70 X 1m +A440 x /m' 

h = (hI hour _ h Control) 

Detennine degree of hydrolysis at each time point from following equation: 

Where hlot the total amount of peptide bonds for casein is 8.2 meq /g protein. 
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ANNEXURE 

PREPARATION OF COMMONLY USED BUFFERS 

1. Citrate buffers 

2. 

Stock solutions 

A: 0.1 M solution of citric acid (21.01g in 1000 ml) 

B: 0.1 M solution of sodium citrate (29.4Ig ofC,H,O,Na,.2H20 in 1000 ml) 

X ml of A + Y ml of B, diluted to a total of 100 ml 

pH 3 3.2 

X 46.5 43.7 

Y 3.5 6.3 

pH 

X 

Y 

4.8 5 

23 20.5 

27 29.5 

Acetate buffers 

Stock solutions 

3.4 

40 

10 

5.2 

18 

32 

3.6 

37 

13 

3.8 

35 

15 

4 4.2 

33 31.5 

17 18.5 

4.4 4.6 

28 25.5 

22 24.5 

5.4 5.6 5.8 6 6.2 

16 13 .7 11 .8 9.5 7.2 

34 36.3 38.2 40.5 42.8 

A: 0.2 M solution of acetic acid (11.55 ml in 1000 ml) 

B: 0.2 M solution of sodium acetate (16.4 g ofCH,COONa or 27.2 g of 

CH,COONa .3 H20 in 1000 ml). 

X ml of A + Y ml of B, diluted to a total of 100 ml. 

pH 3.6 3.8 4 4.2 4.4 4.6 

X 46.3 44 41 36.8 30.5 25.5 

Y 3.7 6 9 13.2 19.5 24.5 

pH 4.8 5 5.2 5.4 5.6 

X 20 14.8 10.5 8.8 4.8 

Y 30 35.2 39.5 41.2 45.2 
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3. Phosphate buffers 

Stock solutions 

A: 0.2 M solution of monobasic sodiwn phosphate (27.8 g in 1000 ml) 

B: 0.2 M solution of dibasic sodium phosphate (53.65 g ofNa 2HP04 7H20 or 

71.7 g ofNa ,HPOd2H,O in 1000 ml). 

X ml of A + Y ml ofB, diluted to a total of200 ml. 

pH 

X 

Y 

pH 

X 

Y 

pH 

X 

Y 

pH 

X 

Y 

5.7 

93.5 

6.5 

6.3 

77.5 

22.5 

7 

39 

61 

7.7 

10.5 

89.5 

5.8 

92 

8 

6.4 

73.5 

26.5 

7.1 

33 

67 

7.8 

8.5 

91.5 

5.9 

90 

10 

6.5 

68.5 

31.5 

7.2 

28 

72 

7.9 

7 

93 

6 

87.7 

12.3 

6.6 

62.5 

37.5 

7.3 

23 

77 

8 

5.3 

94.7 

4. Tris (iwdroxylmethyll amino methane buffers 

Stock solutions 

6.1 

85 

IS 

6.7 

56.5 

43.5 

7.4 

19 

81 

6.2 

81.5 

18.5 

6.8 

51 

49 

7.5 

16 

84 

6.3 

77.5 

22.5 

6.9 

45 

55 

7.6 

13 

87 

A: 0.2 M solution oftris (hydroxylmethyl) amino methane (24.2 g in 1000 ml) 

B: 0.2 M Hel 

50 ml of A + X ml ofB, diluted to a total of200 ml. 

pH 

X 

9 

5 

8.8 8.6 8.4 8.2 8 7.8 7.6 7.4 7.2 

8.1 12.2 16.5 21.9 26.8 32.5 38.4 41.4 44.2 
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5. Boric acid- Borax buffers 

Stock solutions 

A: 0.2 M solution of boric acid (12.4 g in 1000 ml) 

B: 0.05 M solution of borax (19.05 g in 1000 ml; 0.2 M in terms of sodium 

borate) 

50 mI of A + X ml ofB, diluted to a total of200 ml. 

pH 7.6 7.8 8 8.2 

X 

pH 

X 

2 

8.7 

22.5 

3.1 

8.8 

30 

4.9 

8.9 

42.5 

6. Sodium carbonate sodium bicarbonate buffers 

Stock solutions 

7.3 

9 

59 

8.4 

11 .5 

9.1 

83 

8.6 

17.5 

9.2 

115 

A : 0.2 M solution of anhydrous sodium carbonate (21.2 g in 1000 ml) 

B: 0.2 M solution of sodium bicarbonate (16.8 g in 1000 mI). 

X ml of A + Y ml ofB, diluted to a total of200 ml. 

pH 

X 

Y 

9.2 

4 

46 

9.3 

7.5 

42.5 

9.4 

9.5 

40.5 

9.5 

!3 

37 

9.6 

16 

34 

9.7 

19.5 

30.5 

9.8 9.9 

22 25 

28 25 
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STRUCTURES OF AMINO ACIDS at pH 7.0 

o 0 o 0 O. 0 0+(/ .c' +e- H c' 0 , , , 
H~.~ 

, -<,0 

"-y-<" ~ ... ,,~ H---y--at. .. _ 
~"i:, ~ II., 

loH, ~:; 
'" 0 • • 

AI.A.~"E ARGIl'I;l!\'E • ASPARACID."E ASPARTIC ACID 
("') ("8> Cu."l (asp) 

°vO 0. 0 0 . 0 O+y.o c 0 c 0 
I I --<f' H~o:!:,--c!' ~.-GH H~ '0. 

H--G--« 

!'.."!, 
I.., "" 

I.., 
• ." • • 

CYSTEI!\'E GLul'A:o.fIC ACID GLlJTA.~ GLYCINE 

(cys) (gru) (gL') (gIr) 

-
" ° 0 

o 0 
o 0 \ . +yy O+r!0 "c' 'f' ~~ " I I I 

H-G-<H.-( L H~.,CH. "-;",r "~-"'-:bt, c..-"'H ~b., i."" · , • 
H 

ISOLEUCI:".'E LEUCINE LYSL'\'E 
HISTIDl:-.oc ("') (1<0) (lys) 
(hi» 

-
O''c,O " " o. 0 y* 4-", 0+(0 

I 
K--y--ar~.~--Qf. H---y-<H. 0 "-r'-!\'''f. '" H~~al: • • B'· • 
)'fETHIO~'L''E 
(mel) PHENYLAI..A.."~"E PROID.'E SEUNE 

(P"') (pro) ("') 

0; H H -

Y~I ~.. H 

~ 0 
" -

H}.* 
H 

TRYPTOPHA." 
(ttp) " TYROSl''E 

(ly<) 

• r yY b 't' Vf T l' 't I t~ 'r t C'l I L 
GlY ALA VAl LEU ILE SER THR ASP ASH GlU GLH l VS AAG HIS TRP PHE TVR PRO CYS MET '.' 

GAVLISTDNEQKRHWFY PCM 

.. 


