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wastes into purified protein hydrolyzate seem to be an 
interesting challenge, being of economic value as well. High-
purity and de-mineralized protein hydrolyzates have potential 
use in various field.22-27 The pure form of protein hydrolyzate 
can be used as bio-fertilizer in agriculture industry.16, 28-34 
Cosmetic application demands protein hydrolyzate purity of 
about 99%.35-36 Poultry feed requires protein hydrolyzate 
purity 98% with free of chromium.37 These applications would 
enhance the value of derived protein hydrolyzate to multifold. 
Hence, purification of protein hydrolyzate is paramount.

The protein hydrolyzate obtained from conventional process 
contained chromium and inorganic salts; its purity is about  
80 - 95%. The high content of salts of the collagen hydrolyzate 
obtained from alkaline hydrolysis, whose separation is 
expensive and difficult to recover pure protein. Protein 
purification can be done in a number of ways i.e precipitation 
(salting out), ion exchange, Semi permeable membrane 
(dialysis) or gel filtration, ultra filtration, electrophoresis and 
the best way is depends on application and requirement. 
Protein precipitation is an important operation for the 
laboratory and industrial scale recovery and purification of 
proteins. Protein precipitation is a technique that utilizes the 
differences of protein solubility to precipitate proteins into the 
solid phase from the liquid phase. It has been used extensively 
to separate and purify proteins. A number of methods exist for 
precipitating proteins the most common method are salting-
out using ammonium salt38 and it does not denature protein. 
The process of salting-out proteins is due to hydrophobic 
interactions. 

In this study an attempt has been made to standardize the salting 
out based purification process for protein hydrolyzate derived 
from chrome shaving through biochemical based extraction 
method. Purification studies were carried out at different salt 
concentration, pH, time, temperature for process standardization. 
Pilot level study was also conduct with standardized parameters. 
All the standardization and salt recovery studies were done 
triplicate and reported average values.

Abstract

Environmental constraints have become key issue for 
sustenance of industries worldwide. Waste management 
approach insists tanners look for an innovative way of creating 
wealth from waste. Chrome tanned leather shavings (CTLS) 
are generated in leather making process and requires a major 
attention on disposal. There are developed processes for 
recovery of protein and chromium from CTLS through acid/
alkaline/enzymatic hydrolysis process. However, the derived 
protein hydrolyzate contains impurities such as chromium and 
neutral salts. In this study, an attempt has been made to purify 
protein hydrolyzate through protein precipitation process. 
Protein purification studies have been carried out to study the 
influence of factors such as salt concentrations, pH and time. 
The purity of protein hydrolyzate before and after purification 
process is found to be 95 and 99.4% respectively. This is 
further evidenced from amino acid analysis of protein 
hydrolyzate before and after purification. The recovered 
protein hydrolyzate could be used in a wide range of products 
such as fertilizer, animal feed and bio-composites.

Introduction

Conversion of hides and skins into leather generates huge 
quantities of liquid and solid wastes.1 Chrome tanned leather 
waste is consists of chromium and protein (collagen). Hide and 
skin contain type I collagen protein which is insoluble fibrillar 
form structure. Collagen is characterized with triple helical 
conformation which is formed by three interwoven α chains. 
Several researchers have developed various methods to 
recover chromium and protein fraction, which are generally 
based on the chemical,2-10 and biochemical/enzymatic 
hydrolysis of waste such as CaO, MgO, NaOH, HCl, H2SO4 
and enzymes.11-21 Protein hydrolyzate derived from above 
hydrolysis process contains inorganics matters and trace 
amount of chromium. The possibility of transforming 
recovered crude protein hydrolyzate from chrome leather 
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Experimental

Materials
Fresh chrome leather solid waste – chrome shavings were 
collected from Tata International Ltd, Dewas, Madhya Pradesh, 
I nd ia .  L abora to r y  g r ade  b a c ter ia l  p ro tea se  
(15000 units/g) from Bacillus licheniformis and α-amylase 
(25000 units/g) from Bacillus subtilis were sourced from Sigma 
Aldrich. All the chemicals i.e. ammonium sulfate, ammonium 
chloride and ammonium oxalate used for experiments were of 
laboratory grade. Biuret reagent was prepared by adding with 
stirring, 300 mL of 10% (w/v) sodium hydroxide to 500 mL of 
a solution containing 0.3% copper sulfate pentahydrate and 
1.2% sodium potassium tartrate, then dilute to one liter. 

Extraction of Protein Hydrolyzate from Chrome 
Shavings Through Biochemical Process20 

About 20 kg (on dry basis) chrome shavings were feed into a 
stainless steel reactor equipped with an agitator 30 RPM and 
treated with 1% (w/w of chrome shaving) protease and 1% 
(w/w of chrome shaving) α-amylase and 2% (w/w of chrome 
shaving) lime at temperature 55oC for 18 h and followed by 
rise of temperature to 90oC for 2 h. The protein was separated 
out from reactor by passing through sieves and the protein 
content in the supernatant was determined using biuret reagent 
after proper dilution. 39-40 Protein hydrolyzate derived from 
above extraction was concentrated to 40% total solids at 100oC 
in atmospheric pressure. Prepared 40% protein hydrolyzate 
was used for purification study with proper dilutions.

Purification of Protein Hydrolyzate Derived from 
Biochemical Process: Optimization of Nature of  
Salt, Concentrations of Salt and Protein Hydrolyzate, 
Time and pH
15 g of each salt such as ammonium sulfate, ammonium 
chloride and ammonium oxalate were taken in three 250 ml 
beaker and mixed with 100 ml of 20% protein hydrolyzate. 
Mixed solutions were transferred to separating funnels and 
kept for 18h to form precipitation. 1 ml sample was taken from 
top of separating funnel and analyzed for protein by biuret 
method after proper dilution.39-40 Different quantities of 
ammonium Sulfate (15, 20 and 25g) was mixed with 100 ml of 
20% protein hydrolyzate and kept for 18h to form precipitation 
1 ml of sample taken from the top and protein content 
measured. 39-40 Various concentrations of 100 ml protein 
hydrolyzate (10 - 35%) were mixed with 15 g of ammonium 
sulfate. Samples were kept for 18h to form precipitation. After 
precipitation, supernatant volume measured as partitioning 
volume, supernatant was taken and analyzed for protein and 
solid content (hot air oven dry at 105oC for 5 h). 39-41 Protein 
hydrolyzate (20%) of 100 ml each was mixed with 15 g of 
ammonium sulfate. 1 ml of supernatant was taken and 
analyzed for protein content at various time intervals  
(0.5 – 18h).39,40 Protein hydrolyzate (20%) 100 ml taken and 

pH was adjusted to 3.0 – 9.0 employing dilute 0.1N 
hydrochloric acid and 0.1N sodium hydroxide. 15 g of 
ammonium sulfate was added to the pH adjusted solution and 
mixed well. Mixed solutions were kept for 4 hr for 
precipitation. 1 ml of supernatant was taken and analyzed for 
protein content. 39, 40 Protein precipitation efficiency is 
calculated based on below formula.

%P = (A – B)/A

% P = percentage protein precipitation

A = Initial protein content 

B = Protein content in supernatant 

Pilot Trials
About 5kg of 20% protein hydrolyzate was taken for laboratory 
experiment. Protein hydrolyzate (20%) was mixed with 15% 
(w/w of protein hydrolyzate) ammonium sulfate. Mixed solution 
was kept for 4 h in 25 liter separating vessel. After precipitation, 
1 ml of supernatant was taken and analyzed for protein content 
for measuring protein precipitation efficiency. 39, 40

Characterization of Protein Hydrolyzate  
Before and After Purification
Precipitated protein from laboratory trial was dried in air oven 
at 100oC for 5 hrs and named as experiment. For comparison, 
un-precipitated protein was also dried in air oven at 100oC for 
5 hrs and named as control. Experimental and control trial 
protein hydrolyzate were analyzed for total ash, protein and 
chromium content.39,40,42,43 Amino acid content of control and 
experiment were determined using Hitachi amino acid 
analyzer model 835–50, Tokyo Japan, (1981). 	

Results and Discussion

Underlying Principles of Protein Precipitation Through 
Salting Out
Salting out is a method of separating proteins based on the 
principle that proteins are less soluble at high salt concentrations. 
This process is also used to concentrate dilute solutions of 
proteins. When the salt concentration is increased, some of the 
water molecules are attracted by the salt ions, which decreases 
the number of water molecules available to interact with the 
charged part of the protein. As a result of the increased demand 
for solvent molecules, the protein-protein interactions are 
stronger than the solvent-solute interactions; the protein 
molecules coagulate by forming hydrophobic interactions with 
each other. This process is known as salting out.44, 45

Effect of Nature of Salts
Nature of salts plays a vital role on protein precipitation 
process as discussed above. Hence, different natures of salts 
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such as ammonium chloride, ammonium oxalate and 
ammonium sulfate have been tab Iken for conducting this 
study. Concentration of salts and protein hydrolyzate were 
kept constant. It is observed from Table I that ammonium 
sulfate have ability to precipitate protein and other selected 
salts were found to be nil. Sulfate ion has more tendencies to 
precipitate the protein molecules than chloride, oxalate and 
nitrate.46 Hence, further experiments were carried out 
employing ammonium sulfate as salting out agent.

Optimization of Salt Concentration  
for Protein Precipitation
Various quantities of ammonium sulfate were mixed with 
constant protein concentration. The percentage protein 
precipitation is shown in Figure 1. The protein precipitation 
level is increasing with increasing the concentration of salt. 
This is due to nature of protein folding with hydrophobic ends. 
Also salt content in supernatant is increased with respect to 
higher salt usage. There is no significant increase in protein 
precipitation in 20 and 25 g of salt used. Hence, 15 g salt with 
20% of 100 ml protein solution would provide optimum 
protein precipitation. 

Figure 1. Effect of Ammonium Sulfate Concentration  
Protein Precipitation.

Figure 2. Effect of Protein Concentration on Protein Precipitation.

TABLE I 
Effect of Nature of Ammonium  
Salts on Protein Precipitation.

Nature of  
Ammonium Salts

Protein precipitation  
occurs (Y/N)

Sulfate Y

Chloride N

Oxalate N

Nitrate N

Note: Y – Yes; N – NO

TABLE II 
Effect of Protein Hydrolyzate Concentration on Precipitation.

Protein concentration (%) 10 15 20 25 30 35

Salt Input (g) 15.0 15.0 15.0 15.0 15.0 15.0

Salt content in supernatanta (%) 27.3±0.1 28±0.4 32.5±0.3 34.6±0.1 37.9±0.2 36.4±0.3

Partitioning volumea (ml) 96.0±0.2 97.0±0.3 98.0±0.2 95±0.3 96±0.2 98±0.3

aAverage values of three values
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Optimization of Concentration of Proteinous Substance
Various concentrations of protein hydrolyzate were mixed 
with 15 g ammonium sulfate. The salt content in supernatant 
and volume of supernatant partitioning is given in Table II and 
it shows that the partitioning volume for all the experiments 
were similar. It reveals the optimum salt concentration of salt 
precipitates low (10%) to high (35%) protein concentration. 
The salt content in supernatant is increasing due to salt present 
in protein hydrolyzate. Effect of protein precipitation 
efficiency on various concentration of protein hydrolyzate is 
shown in Figure 2. It shows that protein precipitation efficiency 
is increasing with respect to higher concentration of protein 
hydrolyzate. This is due to higher protein concentration, which 
enables protein folding rapidly and allows salting out process 

effectively. This has been evident from partitioning volume is 
98 ml (Table II) and precipitation volume of higher protein 
concentration (1 ml). Overall the protein concentration 
significantly influences precipitation process.

Optimization of Time for Protein Precipitation
Effect of time on protein precipitation was carried by 
conducting different time interval based experiments. The 
influence of time on precipitation of protein is shown in  
Figure 3. It is interesting to note that there is no significant 
effect on precipitation of protein with respect to time interval 
(1– 5h). However, it requires minimum 1 h time to precipitate 
94% protein. Further, the protein precipitate takes time to 
settle and % settling volume was measured and shown in 
Figure 4. Compact settling of protein precipitate happens 
about 4 h. Hence, the duration for precipitation of protein 
could be optimized as 4 h.

Effect of pH on Protein Precipitation
Iso-electric point of protein is primarily driven by its amino 
acid composition. The ionic behavior of protein varies with pH 
and also relates with protein folding based on ionic interaction 
between amino and carboxylic acids. It is imperative to assess 
the effect of pH on the protein precipitation. The percentage 
precipitation of protein with different pHs is shown in  
Figure 4. It is evident from the graph that there is no 
precipitation of protein occurred in between pH 2 to 4. This is 
primarily due to iso-electric point of protein hydrolyzate; 
where carboxyl and amino groups are equal. This does not 
allow protein to fold make it to precipitate. Whereas pH 5 to 9, 
the iso-electric point of protein molecules is shifted and allows 
folding and precipitating faster. This is evident from Figure 4 
that percentage precipitation is about 96% and almost constant 
up to pH 9. Hence, pH 5 to 9 favors precipitation of protein in 
salting out process.

Figure 3. Effect of Time on Protein Precipitation and Settling Volume.

Figure 4. Effect of pH on Protein Precipitation.

TABLE III
Comparison of Ash Content  
of Control and Experiment.

Parameters Control Experiment Methods

Ash content (%) 7.3±0.8 1.7±0.2 [42]

Chromium (ppm) 240±12 ND [43]

Protein (%) 90±0.7 98±0.2 Biuret Method 
[39,40]

Note: ND – Not Detectable
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TABLE IV 
Amino acid Composition of Protein Hydrolyzate Before and After Purification.

Amino acid Collagen Type 1 Control Experiment

Thr 1.6 0.503 0.543

Val 2.3 3.411 3.411

Leu 2.5 2.721 2.721

Ile 1.2 1.101 1.101

Lys 2.8 2.112 2.112

Hyl 0.7 0.923 0.963

Tyr 0.4 0.312 0.312

Phe 1.3 1.812 1.812

Met 0.6 0.742 0.742

Gly 32.7 31.014 33.124

Hyp 8.6 6.012 6.012

Pro 13 12.356 15.016

Ala 11.4 12.724 13.124

Arg 5.2 3.867 3.867

Asp 4.6 4.012 4.512

Cys 0 0.452 0.452

Glu 7.5 7.121 7.121

His 0.5 0.473 0.483

Ser 3.1 1.725 2.025

Ammonia - 1.213 -

Unknown - 0.416 -

Total 100 95.022 99.453

content and chromium as compared to experimental sample. 
This is primarily due to purity of protein from experimental is 
high. Further evidenced from amino acid analysis is given in 
Table IV. The purity of experiment protein is 99.4% whereas 
control is 95%. 

Pilot Trials
Laboratory trial was conducted with 5kg of Protein 
hydrolyzate (20%) with optimized protein purification process. 
Protein precipitation efficiency is found to be 96%. It could be 
seen from Table III that control sample exhibits higher ash 
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Conclusions

The solid waste generated from leather making process 
particularly chromium based requires a key attention on 
disposal. There are established processes for recovery of 
protein hydrolyzate from chrome shavings; however the purity 
of proteinous matter limits its application. In this study, 
protein purification process has been standardized to achieve 
higher purity of protein. Standardization study showed that 
salt concentrations 15%, pH 5-9 and time 4h to achieve 
maximum protein purification efficiency. The purity of 
protein hydrolyzate before and after purification process is 
found to be 95% and 99.4% respectively. This has been 
evidenced from amino acid analysis of protein. Purified 
protein hydrolyzate could be used in a wide range of products 
such as fertilizer, animal feed and bio-composites.

Acknowledgement

One of authors (AP) wish to thank Tata International Limited, 
Dewas for the research facility provided to conduct some of 
the trials.

References

1. 	� Germann, H. P.; Science and technology for leather into 
the next millennium, Proceedings of the XXV IULTCS 
Congress, pp. 778 (1999). Tata McGraw-Hill publishing 
company Ltd, New Delhi, India.

2. 	 Wojciech, L., Mieczyslzw, G., Urszula, M., et al.; Leather 
treatment to remove chromium. PCT 9803685. 1998.

3. 	 Cabeza, L.F., Taylor, M.M., Brown, E.M., Marmer, 
W.N.; Isolation of protein products from chromium-
containing leather waste using two consecutive enzymes 
and purification of final chromium product: Pilot plant 
studies. JSLTC 83, 14-19, 1999.

4. 	 Basak, N and Vibhavari, S.; Isolation of protein products 
from chrome shavings by acidic treatment: A study. J. 
Indian Leather Technol. Assoc. 53, 935-940, 2003.

5. 	 Mu, C., Lin, W., Zhang, M., Zhu, Q.; Toward zero discharge 
of chromium-containing leather waste through improved 
alkali hydrolysis. Waste Manage. 23, 835-843, 2003.

6. 	 Martin elango, K., Shelly, D.C.; Multidimensional analysis 
of magnesium oxide hydrolysis of wet-blue shavings. 
JALCA 99, 258-268, 2004.

7. 	 Tahiri, S., Bouhria, M., Albizane, A., Messaoudi, A., Azzi, 
M., Younssi, S.A., Mabrour, J.; Extraction of proteins from 
chrome shavings with sodium hydroxide and reuse of 
chromium in the tanning process. JALCA 99, 16-25, 2004.

8. 	 Malek, A., Hachemi, M., Didier, V.; New approach of 
depollution of solid chromium leather waste by the use of 
organic chelates: Economical and environmental impacts. 
J. Hazard. Mater. 170, 156-162, 2009.

9. 	 Mohamed, O.A., Taha, G.M., El-Sayed, N.H.; Technical 
gelatin from chrome tanned shavings. Int. J. Environ. 
Waste. Manage. 11(4), 335-349, 2013.

10. 	Pati, A., Chaudhary, R.; Studies on the Generation of 
Biogas from Collagen Hydrolyzate obtained from Chrome 
Shavings by Alkaline Hydrolysis: A Greener Disposal 
Method. Res. J. Recent Sci. 2(1), 234-240, 2013.

11. 	Parvathi, M.S., Suseela, K., Nanda, S.C.; Hydrolytic 
action of pseudomonas Aeruginosa on chrome shavings. 
Leather Sci. 33, 8-11, 1986.

12. 	Taylor, M.M., Cabeza, L.F., Marmer, W.N., Brown, E.M.; 
Use of tryptec enzyme preparations in treatment of 
chrome shavings. JALCA 95, 243-252, 2000.

13. 	Taylor, M.M., Diefendorf, E.J., Marmer, W.N.; Efficiency 
of enzymic solubilization of chrome shavings as influenced 
by choice of alkalinity-inducing agents. JALCA 86, 199-
208, 1991.

14. 	Crispim, A., Mota, M.; Leather shavings treatment: An 
enzymatic approach. JSLTC 87, 203-207, 2003.

15. 	Chakraborty, R.; Optimization of hydrolysis of chrome 
shavings by enzyme from P. Lilacinus. JALCA 99, 103-
109, 2004.

16. 	Kasparkova, V., Kolomaznik, K., Burketova, L.,  
Sasek ,V., Simek, L.; Characterization of low-molecular 
weight collagen hydrolyzates prepared by combination of 
enzymatic and acid hydrolysis. JALCA 104, 46–51, 2009.

17. 	 Selvakumar, P., Ling, T.C., Covington, A.D., Lyddiatt, 
A.; Enzymatic hydrolysis of bovine hide and recovery of 
collagen hydrolyzate in aqueous two-phase systems. Sep. 
Purif. Technol. 89, 282-287, 2012.

18. 	Pillai, P., Archana, G; A novel process for biodegradation 
and effective utilization of chrome shavings, a solid waste 
generated in tanneries, using chromium resistant Bacillus 
subtilis P13. Process Biochem. 47(12), 2116-2122, 2012.

19. 	Senthil Kumar, P., Sounderraj, L., Sivakumar, K., 
Rajakumar, S.; Enzymatic Hydrolyses of Chrome Shaving 
Waste from Tannery through Aspergillus tamerii. J. Biol. 
Environ. Sci. 6(18), 285-292, 2012.

20. 	Pati, A., Chaudhary, R., Subramani, S.; Biochemical 
Method for Extraction and Reuse of Protein and 
Chromium from Chrome Leather Shavings: A Waste to 
Wealth Approach. JALCA 108, 365-372, 2013.

21. 	Shanthi, C., Banerjee, P., Chandra Babu, N., Rajakumar, 
G.; Recovery and Characterization of Protein Hydrolyzate 
from Chrome Shavings by Microbial Degradation. JALCA 
108, 231-239, 2013.

22. 	Kresalkova, M., Hnanickova, L., Kupec, J., Kolomaznik, 
K., Alexy, P.; Application of protein hydrolyzate 
from chrome shavings for polyvinyl alcohol-based 
biodegradable material. JALCA 97, 143-149, 2002.

23. 	Riaz, S., Alam, S.S.; Evaluation of nutritive value of 
different levels of chrome shaving (hydrolysed) partially 
replacing animal protein in the feed on the performance 
of quail chicks. J. Agri. Biol. Sci. 1, 1-7, 2006.

15	 Purification of Protein Hydrolyzate



JALCA, VOL. 111, 2016

24. 	Cot, J., Catalina, M., Celma, P., Manich, A., Marsal, A.; 
Taylor-made biomaterials from collagenic wastes: feasible 
link between tanning industry and tissue engineering. 
XXX, IULTCS, China pp 257-264, 2009. 

25. 	Catalina, M., Celma, P., Cot, J., Manich, A., Marsal, A.; 
Tailor-made biomaterials from collagenic wastes. JALCA 
106, 153-160, 2011.

26. 	Murali, R., Anumary, A., Ashokkumar, M., Thanikaivelan, 
P., Chandrasekaran, B.; Hybrid Biodegradable Films from 
Collagenous Wastes and Natural Polymers for Biomedical 
Applications. Waste Biomass Valor. 2(3), 323-335, 2011. 

27. 	Ramnath, V., Sekar, S., Sankar, S., Sankaranarayanan, C., 
Sastry, T.P.; Preparation and evaluation of biocomposites 
as wound dressing material. J. Mater. Sci.: Mater. Med. 
23(12), 3083-3095, 2012.

28. 	Kolomaznik, K., Mladek, M., Langmaier, F., Janacova, 
D., Taylor, M.M.; Experience in industrial practice of 
enzymatic dechromation of chrome shavings. JALCA 94, 
55-63, 1999.

29. 	Taylor, M.M., Cabeza, L.F., Brown, E.M., Marmer, W.N.; 
Chemical modification of protein products isolated from 
chromium-containing solid tannery waste and resultant 
influence on physical and functional properties. JALCA 
94, 171-175, 1999.

30. 	Katsifas, E.A., Giannoutsou, E., Lambraki, M., Barla, 
M., Karagouni, A.D.; Chromium recycling of tannery 
waste through microbial fermentation. J. Ind. Microbiol. 
Biotechnol. 31, 57-62, 2004.

31. 	Gaidau, C., Ghiga, M., Stepan, E., Taloi, D., Filipescu, 
L.; Bioactive protein-based additives and new materials 
obtained from leather manufacture by-products. XXIX, 
IULTCS Congress, Washington June 20-24, 2007.

32. 	Gaidau, C., Ghiga, M., Stepan, E., Lacatus, V., 
Cirjaliumurgea, M., Ionita, A.D., Filipescu, L.; Emulsified 
foliar fluids from waste leather hydrolysis products. Ceex 
conference, proceedings Romania pp 1–7, 2008.

33. 	Sirbu, C., Cioroianu, T., Dumitru, M., Dorneanu, A. et 
al.; New structures of biofertilizers with chelate proteinic 
substances with role of biostimulator and protection for 
sustainable agriculture. Seria. Agronomie. 51(2), 189-194, 
2008. 

34. 	Sirbu, C., Cioroianu, T., Dumitrascu, M.; New fertilizers 
with protein structure with fitostimulator role. Seria. 
Agronomie. 52, 473-478, 2009.

35. 	Cakl, J., Sir, J., Medvedikova, L., Blaha, A.; 
Demineralization of protein hydrolyzates from 
enzymatic hydrolysis of leather shavings using membrane 
diafilteration. Sep. Sci. Technol. 33, 1271-1281, 1998.

36. 	Langmaier, F., Mokrejs, P., Kolomaznik, K., Mladek, M.; 
Plasticizing collagen hydrolyzate with glycerol and low-
molecular weight poly (ethyleneglycols). Thermochim. 
Acta. 469, 52-58, 2008.

37. 	Sudha, P.N., Latha, S., Bharghavi, V.L.N.; Towards 
chrome free chicken-A pilot scale study to remove 
chromium from leather waste, a source for poultry feed 
manufacture. Environ. Sci. An Indian J. 6(3), 1-6, 2011.

38. 	Krisna, C., Duong-Ly, Gabelli, S.B.; Chapter 
Seven – Salting out of Proteins Using Ammonium Sulfate 
Precipitation. Lab. Methods in Enzymology: Protein Part 
C 541, 85–94, 2014.

39. 	Wokes, F., Still, B.M.; The Estimation of Protein by the 
Biuret and Greenberg Methods, 797-806, 1942.

40. 	Enechi, O.C., Emilia, C.N.; A New Colorimetric Method 
for the Determination of Proteins. Adv. Biol. Res. 7(5), 
159-162, 2013.

41. 	Standard method for the examination of water and 
wastewater, American public health association, 
Washington DC, 19th edn., 1995.

42. 	ISO 4047:2006. Leather – Determination of Sulphated 
Total Ash and Sulphated Water-insoluble Ash.

43. 	Vogel A.I; Vogel’s textbook of quantitative chemical 
analysis’, 5th ed., Longman Inc., Essex, 1989.

44. 	Dumetz, A.C., Snellinger-O’brien, A.M., Kaler, E.W., 
Lenhoff, A.M.; Patterns of protein–protein interactions in 
salt solutions and implications for protein crystallization. 
Protein Sci. 16(9), 1867-1877, 2007.

45. 	Engel, J.; Folding and unfolding of collagen triple helices. 
Adv. in Meat Res. 4, 145-161, 1987.

46. 	http://www1.lsbu.ac.uk/water/hofmeist.html 

	 Purification of Protein Hydrolyzate	 16


