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produced when tanned hide is shaved to a uniform thickness. 
One ton of raw hide typically generates 70-350 kg of f leshings 
(untanned), 225 kg of shavings, 150 kg of trimmings, and 2 kg of 
buffering dust (the three latter ones tanned). Also, for each ton 
of hides processed,  2-5 kg of chromium go to the liquid effluent.9 

Even though conventional incineration or landfilling are simple 
disposal methods for CTLW, they may not be appropriate due to 
possible oxidation of Cr (III) to Cr (VI).1, 6, 7, 10, 11 Also, direct use of 
CTLW as fertilizer and in the composite boards industry no longer 
seems to be the most suitable alternative due to high cost and/or 
environmental issues.12 Therefore, other alternatives that deal with 
wastes generated in this industry should be explored.10, 13-15 

Hydrolysis is an alternative method for CTLW use since it allows 
the extraction of two main fractions from it: protein and 
chromium. CTLW hydrolysis dates back to the 70’s 16 and its 
broader development started in the 90’s.2, 17, 18 However, industrial 
application of CTLW hydrolysis depends on feasible uses for the 
resultant fractions.11 

According to some authors, finding suitable applications for 
gelatin is easy if compared to the task of finding value-added uses 
for collagen hydrolysate.19 Production cost for protein hydrolysates 
is not negligible, and it seems that applying this process in the 
industry is more an economic issue than a technical one.20

Taking the given information into consideration, the focus of 
this review will be the alkaline hydrolysis of CTLW, which allows 
for gelatin extraction. In order to assist future researchers to 
produce relevant new knowledge and focus mainly on product 
application, this paper brings information about how CTLW 
hydrolysis has been performed, and how its parameters can be 
adjusted for better extraction yield and/or product quality. It also 
lists applications for protein and chromium fractions extracted 
from CTLW, both suggested and already tested.

Abstract

Among the reuse and/or disposal possibilities for chromium 
tanned leather waste (CTLW), one in particular stands out: 
hydrolysis. This process not only allows chromium recovery, but 
also the extraction of its protein, as collagen hydrolysate or as 
gelatin. CTLW hydrolysis has been performed for decades. 
However, industrial application of this important alternative has 
not been widespread. Thus, this review presents how CTLW 
alkaline hydrolysis has been evolving over the years; how the 
process can be adjusted to increase protein extraction yield and 
to produce better quality products. Finally, it reviews in which 
areas its products have already been tested. Here, researchers 
may find practical process information that might allow them to 
focus on the most important current issue for CTLW hydrolysis: 
how to upgrade this process to an industrial scale.

Introduction

The tanning industry is one of the first to use and recycle a 
secondary raw material: animal hides from slaughterhouses.1-4 
However, only about 20-25% (65% in sole leather production) of 
the raw salted bovine hide is transformed into leather, which 
makes the tanning industry also a considerable waste generator.5

From 80% to 90% of all tanneries use chromium Cr (III) salts in 
their processes.5 Attempts have been made to replace it with other 
metals or with vegetable tanning. However, these alternatives were 
not able to provide physical properties (f lexibility, tooling, 
burnishing character, and hydrothermal stability) as good as the 
ones provided by Cr (III) salts.5-8 It is, therefore, unlikely that Cr 
(III) will be totally replaced in the near future. 

Most chromium tanned leather wastes (CTLW) are produced in 
operations of trimming, splitting, shaving, and buffing, all of 
them post-tanning processes.3, 4 About 75% of the CTLW is 



JALCA, VOL. 113, 2018

	 Waste into Valuable Materials	 123

CTLW Characterization 
The composition of CTLW hydrolysis products depends directly 
on the composition of the waste used, which varies according to 
the quality/type of hide and according to the tanning process 
used, as it is shown in Table I. 

Lower pH values for CTLW, for example, may indicate the need 
for higher alkalinizing agent quantity in order to reach pH high 
enough to hydrolyze the sample. Higher chromium amounts 
may result in a more stable CTLW, leading to the necessity of 
more aggressive hydrolysis conditions for protein extraction. 

Therefore, hydrolysis parameters may have to be adjusted when 
different CTLW are used. 6, 23 Processing CTLW from different 
sources should result in lack of reproducibility. Direct 
comparisons between processes should also be done carefully, 
since apparently better or worse results may be only due to 
different CTLW composition. 

CTLW Hydrolysis
There are three types of CTLW hydrolysis: acid, alkaline, and 
enzymatic, as presented in Figure 1. 

Acid hydrolysis results in a chromium-rich liquid and in a solid 
cake with low chromium content. Hydrochloric, sulfuric, citric 
or acetic acid may be used for periods that vary from 2 h to 6 
days and temperatures from 23 to 70°C.26-28  Up to 60% of 
chromium was recovered through acid hydrolysis of CTLW by 
Ferreira et al.26  This chromium-rich hydrolysate may be used in 
retanning or leather finishing.29 

Alkaline hydrolysis of CTLW usually produces gelatin or 
hydrolyzed collagen in aqueous medium (with low chromium-
content), and a solid chromium cake (rich in chromium).12 
Collagen hydrolysate is produced when more aggressive 
conditions (higher temperature, time or pH) are employed, 
which results in protein degradation. While collagen hydrolysate 
has molar mass in the range from 15 – 50 kg/mol, gelatin has a 
molar mass that ranges from 50 to 200 kg/mol.1, 30, 31

In its turn, enzymatic hydrolysis is performed in two steps: a 
chemical pre-treatment followed by the enzyme addition. In this 
case, gelatin is usually produced after the first step, while collagen 
hydrolysate is produced after enzyme addition. Production cost of 
enzymatic hydrolysis is higher than the one of alkaline hydrolysis 
since an additional step is added and, besides enzyme addition, 
higher amounts of chemicals have to be added as well. However, 
protein extraction yield is increased.1, 3, 31-33

Protein extraction from collagenic materials (such as animal 
hides, skins, or bones) involves the breakage of cross-links 
responsible for collagen stabilization and insolubility.34 However, 
when the collagen structure of animal hides/skins is tanned with 
chromium salts to produce leather, not only native collagen cross-
links, but also the chemical bonds of the collagen-chromium 
complex (shown in Figure 2), have to be broken. The collagen-
chromium complex, as stated by Mancopes et al.,35 is formed 
through a chemical reaction between chromium (III) complexes 
and the carboxyl groups of aspartic and glutamic acids (amino 
acids of collagen structure). Both collagen-chromium complex 
and collagen cross-link bonds can be broken through hydrolysis. 

CTLW Alkaline Hydrolysis 
Alkaline hydrolysis of CTLW results in a protein fraction in 
aqueous medium (usually with low chromium content, since this 
metal precipitates as Cr(OH)3 in high pH values) and in a chrome 
cake. In this paper, focus will be given for processes that aimed 
at protein extraction. It must be highlighted, however, that 
alkaline hydrolysis may be used to solubilize collagen and 
chromium, with no worries about keeping protein structure.36, 37 

Some of the factors that directly affect alkaline hydrolysis are the 
type and mass of alkalinizing agent, pH, temperature, and 
process time. Table II shows some conditions used in CTLW 
alkaline hydrolysis and Table III shows the characterization of its 
product of interest: the protein fraction (gelatin or collagen 
hydrolysate). 

Table I
Characterization of CTLW used for protein/

chromium extraction through hydrolysis.

pH Cr2O3 
(%)a

Moisture 
(%)

Ash 
(%)a

TKN 
(%)a

Fat 
(%)a Reference

4.39 -- 6-10 13 18.4 2.1 21

3.5 4.7 54.1 9.9 15.0 -- 22

3.8 4.21 53.51 14.32 14.54 0.09 23 Ab

4.2 4.28 53.47 8.40 14.56 1.51 23 Bc

3.6 3.99 51.47 14.95 14.13 1.79 23 C

3.45 3.27 53.12 10.33 16.45 0.65 2 Ad

3.87 3.01 50.52 10.52 16.59 0.86 2 Bd

3.34 2.74 53.58 7.38 14.47 -- 24

-- 4.5 31.0 11.0 20.0 20

3.55 2.39 51.5 8.5 13.0 -- 25

aOn a dry matter basis 
bSamples from a conventional chrome tannery  
cSample from a process which uses high exhaust chrome treatment 
d�Samples obtained from the same tannery, but from different 
drums, later mixed for hydrolysis process.
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Extraction Yield and Protein Quality
As it is seen in Table III, protein extraction yield was not higher 
than 75% in any of the presented studies. Mu et al.3  indicate some 
possible reasons for the incomplete hydrolysis of CTLW under 
alkaline conditions. The first is the presence of non-polar and 
alkaline amino acids, that are hydrophobic under alkaline 
conditions and therefore do not allow water to penetrate into their 
structure and thus are not hydrolyzed. The presence of covalent 
bridges between alkaline amino acids and hydroxyl amino acids, 
which are only broken in acid conditions, may also explain non-
complete hydrolysis. Finally, still according to the same authors, 
chromium (III) complexes that are formed under alkaline 
conditions (during basification) may crosslink with carboxyl 
groups, resulting in insoluble macromolecular metal complexes. 

High molar mass of protein extracted by Cabeza et al.30  and 
Taylor et al.32  (69% > 50 kg/mol) indicate that gelatin is extracted 
when process conditions tested by the authors are employed. On 
its turn, Ting-Da et al.33  obtained collagen hydrolysate from 

CTLW and showed that, when used the same pH and 
temperature values, protein with lower molar mass is extracted 
when process time is increased. The reduction in molar mass is 
followed by an increase in protein extraction yield. 

Mu et al.3  showed that a second extraction from the chrome cake 
obtained after the first CTLW hydrolysis results in a protein with 
lower molar mass. It reduces from 40 – 110 kg/mol to 10 – 50 kg/
mol. The first extraction, therefore, results in gelatin in aqueous 
medium, while the second extraction results in collagen hydrolysate.

Alkalinizing Agent and pH 
Among the alkalinizing agents used for CTLW hydrolysis, CaO 
seems to have the advantage of being less expensive. The lime 
milk produced by it also seems to adsorb the small Cr(OH)3 
particles, facilitating their removal through filtration.3,33 Diluted 
suspensions of CaO precipitate simultaneously most of sulphate 
ions as calcium sulphate together with chromium hydroxide. 
This co-precipitation also increases the separation yield and the 
rate of finely precipitated chromium hydroxide.38 CaO is also a 
stronger alkalinizing agent, which results in higher pH values 
achieved with lower amounts of it, which means cost reduction.25, 

33 Finally, if protein obtained from CTLW hydrolysis is used for 
animal feeding purposes, the calcium demand is higher than the 
sodium or magnesium ones.33 In its turn, NaOH as alkalinizing 
agent may lead to a fast pH increase and consequent digestion of 
collagen, reducing its molar mass.3 

Figure 1. CTLW hydrolysis different processes and their production

Figure 2 - Chromium-collagen reaction during tanning process. 



JALCA, VOL. 113, 2018

	 Waste into Valuable Materials	 125

Table II
Tested parameters for CTLW alkaline hydrolysis

Test code CTLW mass (g) Water/solution 
volume (mL)

Alkalinizing 
Agent pH Temperature

(°C) Time (h) Reference

A 1000 5000 MgO – 6% 8 a 9 72 6 30, 32

B - - CaO 7,8 / 10,1 / 11,0 / 
11,3 / 11,8 90 10 33

C - - - - 65 / 75 / 85 / 95 - 33

D - - - - - 2 / 4 / 8 / 12 33

E 100 1000 CaO – 10 g - 98 3 / 6 / 24 3

F 100 1000 MgO – 10 g - 98 3 / 6 / 24 3

G 100 1000 NaOH – 10 g - 98 3 / 6 / 24 3

H 100 1000 CaO/NaOH 11 79-80 3,5 3

I Resultant cake  
from process “H” 100 CaO – 2 g -- 97-99 3 a 4 3

J (repeating the process 4 x, 
using previous process cake) 100 1000 CaO – 10 g - 98 3 3

K 50 250 NaOH / MgO 9 70 15 31

L 50 250 CaO – 2 g - 70 6 25

M 50 250 MgO – 2 g - 70 6 25

N 50 250 CaO – 4 g - 70 6 25

O 50 250 MgO – 4 g - 70 6 25

In order to have a process in which low amounts of chromium is 
solubilized in the protein fraction, pH values for CTLW alkaline 
hydrolysis should be lower than 11.33 Niculescu et al.38  indicated 
that the appropriate ratio for alkaline agent/hydrolyzing material 
should be equal to two parts of CaO to one part of chromium in 
leather wastes. According the authors, in this condition, the 
whole amounts of chromium from the hydrolyzing material 
precipitates with the chrome cake. 

Time and Temperature
Higher temperatures increase protein extraction rate, but also 
accelerate protein decomposition rate and increase the amount 
of chromium dissolved (which increases exponentially with 
temperature).25, 33, 39  

According to Ting-Da et al.33 CTLW alkaline hydrolysis occurs 
in two steps: OH- goes inside after impregnation and swelling of 
CTLW, and then it breaks the cross-links between collagen and 
Cr (III). Therefore, long periods of hydrolysis, longer than the 
necessary time for both steps described, are not responsible for 
protein extraction, causing only protein hydrolysis, reducing its 
molar weight and increasing chromium dissolution. This is 
corroborated by Niculescu et al.,38  who shows that at temperature 
values higher than 80°C, hydrolysis processes of more than three 
hours result in similar protein extraction yield and lower molar 
weight of the product. However, when it comes to chromium 
dissolution, in a work by Wionczyk et al.,39  it is shown that after 
6 h of hydrolysis (with 0.2 M and 0.3 solution of NaOH, at 60 and 
70°C), the amount of chromium in the solution is reduced. It is 
said to happen due to the hydrolysis of soluble hydroxocomplexes 
of chromium (III) to insoluble chromium (III), leading to a 
different conclusion from the one obtained by Ting-Da et al.33
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Table III
Characterization of protein from CTLW alkaline hydrolysis performed as described in Table II.

Test 
code

Chromium (mg/L)
Total Kjeldah 
Nitrogen (g/L)

pH
Ashes  

(% dry basis)
Dry mass 

(%)
Molar mass (kg/mol)

Protein extraction 
yield (%)

Reference

A 12,5 17,35 9,1 17,33 3,54 

47% > 85
22% >50  
and < 85           
31% < 50

30 30, 32

B

0,25 (pH 7,8 )      
3,4 (pH 10,1)  
3,5 (pH 11,0)  
16,5 (pH 11,3)    
23,3 (pH 11,8)

11,0 (pH 7,8 )      
13,5 (pH 10,1)  
15,0 (pH 11,0)  
29,9 (pH 11,3)    
32,4 (pH 11,8)

- - - - - 33

C

≈ 0,2 (65°C)     
≈ 0,7 (75°C)     
≈ 2 (85°C)        
≈ 7 (95°C)

≈ 5,7 (65°C)     
≈ 6,5 (75°C)     
≈ 9,0 (85°C)     
≈ 15 (95°C)

- - - - - 33

D

< 0,1 (2 h)        
≈ 0,1 (4 h)        
≈ 0,6 (8 h)         
≈ 10 (12 h)

≈ 13 (2 h)         
≈ 17 (4 h)         
≈ 21 (8 h)         
≈ 27 (12 h)

- - -

16,6 (2 h)                  
13,9 (4 h)                    
9,2 (8 h)                      
8,4 (12 h)

33

E - - - - - -
46,5 (3h)  
68,0 (6h)  
69,5 (24h)

3

F - - - - - -
38,6 (3h)  
59,8 (6h)  

65,4 (24h)
3

G - - - - - -
48,2 (3h)  
69,8 (6h)  

71,9 (24h)
3

H - 17,4 6 6,3 - 40 – 110 - 3

I - 16,9 6 8,2 - 10 – 50 - 3

J - - - - - - 75a 3

K
0,396 (NaOH)  
0,133% (MgO)

n.d. (NaOH)   
0,35% (MgO)

- - - - - 31

L 38,7 9,4 11,6 12,2 6,7 - 48,7 25

M < 0,04 2,2 9,2 21,6 2,4 - 9,2 25

N 0,44 10,8 13,8 11,7 7,9
Sample did not turn 

into gel at 4°C – 
degraded sample

74,5 25

O < 0,04 2,1 9,9 25,5 2,3 - 8,3 25

a After second extraction, no increase in yield reported after it

126	 Waste into Valuable Materials
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Table IV
Suggested and tested applications for products obtained from alkaline hydrolysis of CTLW.

Application Suggested/Tested Reference

Gelatin

Cosmetics, printing, adhesive, photography, microencapsulation, films, additives in finishing  
products for the leather industry 

Suggested 30

Microencapsulation Tested 40

Animal feed Suggested 33

Cosmetics, printing, adhesive, photography Suggested 21

Cosmetics, printing, adhesive, photography, microencapsulation, films Suggested 6

Gels, adhesives, photographic substrates, printing Suggested 20

Finishing agent of glazed leather Tested 10

Films Tested1 41

Poultry feed Tested 42

Films Tested 25

Hydrolyzed collagen

Organic nitrogenous fertilizer, biodegradable polymers for agriculture uses (sowing tapes),  
adhesives, anti-skid agents in PVC and rubber compounds, additive to concrete

Tested 43

Leather retanning agent Tested 15

Films Suggested 44

Pretanage added to pickle float Tested 14

Feed additive, nitrogenous fertilizer, raw material for preparing adhesives, corrosion inhibitors Suggested 20

Hydrogels Tested 45

Films Tested 46

Leather retanning Tested 47

Foliar biofertilizers with protein additives for plant growth Tested 22

Microencapsulation Tested 48, 49

Base for polyacrylamide flocculants Tested 50

Adhesives Tested 51

Poultry feed Tested 52

Chromium salts (extracted from chrome cake)

Pigments for glassmaking, manufacture of heat resistant bricks, production of alkaline chromate Suggested2 43

Tanning agent Tested 18

Tanning agent Suggested 33
1Only the cross-linking process tested  •  2production of alkaline chromate tested

	 Waste into Valuable Materials	 127
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Application of the Fractions Obtained  
from CTLW Hydrolysis
Some applications for gelatin, collagen hydrolysate, and 
chromium recovered from chrome cake have been suggested 
and, some of them, tested, as shown in Table IV.

Due to the presence of chromium and the origin of the product 
(a waste), protein extracted from CTLW cannot be used in the 
food industry. However, for technical purposes, gelatin and 
collagen hydrolysate from CTWL hydrolysis are still promising, 
as well as the chromium salts recovered from it.

Conclusion

This review has addressed how CTLW alkaline hydrolysis is 
used for protein extraction and how the process parameters may 
be changed in order to achieve better process yield and/or 
product quality. In addition, possible uses for protein and 
chromium extracted from CTLW are listed. The authors think; 
therefore, they have provided extensive material to help future 
researchers test and create new feasible application for these 
products, without needing to focus their studies on extraction 
process conditions. 

Aknowledgements

The authors thank to the Coordination for the Improvement of 
Higher Education Personnel (CAPES – Brazil) and to National 
Counsel of Technological and Scientific Development (CNPq – 
Brazil) for their financial support. 

References 

1. 	�� Kolomaznik, K., Adamek, M., Andel, I., and Uhlirova, M.; Leather 
waste--potential threat to human health, and a new technology of 
its treatment. J. Hazard. Mater. 160, 514-20, 2008.

2. 	� Taylor, M.M., Cabeza, L.F., Di Maio, G.L., Brown, E.M., and 
Marmar, W.N.; Processing of Leather Waste: Pilot Scale Studies on 
Chrome Shavings. Part I. Isolation and Characterization of Protein 
Products and Separation of Chrome Cake. JALCA 93, 61-82, 1998.

3. 	� Mu, C., Lin, W., Zhang, M., and Zhu, Q.; Towards zero discharge 
of chromium-containing leather waste through improved alkali 
hydrolysis. Waste Manage. (Oxford) 23, 835-843, 2003.

4. 	� Pati, A., Chaudhary, R., and Subramani, S.; A review on 
management of chrome-tanned leather shavings: a holistic 
paradigm to combat the environmental issues. Environ Sci Pollut 
Res Int 21, 11266-82, 2014.

5. 	 �IPTS, Best Available Techniques (BAT) Reference Document for 
the Tanning of Hides and Skins. 2013, European IPPC Bureau: 
Spain. p. 290.

6. 	� Catalina, M., Attenburrow, G., Cot, J., Covington, A.D., and 
Antunes, A.P.M., Isolation and characterization of gelatin obtained 
from chrome-tanned shavings, in IULTCS - EUROCONGRESO 
2006: Istambul.

7. 	� IULTCS. International Union of  Leather Technologists and 
Chemists Societies - IUE - 4: Assessment for Chromium Containing 
Waste from the Leather Industry. 2008 [cited 2016 July 4]; Available 
from: http://www.iultcs.org/pdf/IUE4_2008.pdf.

8. 	� Brown, E. and Taylor, M.M.; Essential chromium? JALCA 98, 408-
414, 2003.

9. 	� Hu, J., Xiao, Z., Zhou, R., Deng, W., Wang, M., and Ma, S.; Ecological 
utilization of leather tannery waste with circular economy model. 
J. Cleaner Prod. 19, 221-228, 2011.

10. 	� Catalina, M., Attenburrow, G., Covington, A.D., and Antunes, 
A.P.M.; Application of Gelatin Extracted from Chrome Shavings 
for the Glazed Finishing of Leather. JALCA 105, 138-144, 2010.

11. 	� Matyasovsky, J., Sedliacik, J., Jurkovic, P., Kopny, J., and Duchovic, 
P.; De-Chroming of 435 Chromium Shavings without Oxidation to 
Hazardous Cr 6+. JALCA 106, 8 - 17, 2011.

12. 	� Cabeza, L.F., Taylor, M.M., Di Maio, G.L., Brown, E.M., Marmer, 
W.N., Carrió, R., Celma, P.J., and Cot, J.; Processing of leather waste: 
pilot scale studies on chrome shavings. Isolation of potentially 
valuable protein products and chromium. Waste Manage. (Oxford) 
19, 211-218, 1998.

13. 	� Dolinay, J., Dostálek, P., Vašek, V., Kolomazník, K., and Janáčová, 
D.; Modernization of Control System for Enzymatic Hydrolysis. 
Wseas Transactions On Systems And Control 3,  2008.

14. 	� Aslan, A., Gulumser, G., and Ocak, B.; Increased chromium 
tanninng efficiency with collagen hydrolysates. J. Soc. Leath. Tech. 
Chem. 90, 201-204, 2006.

15. 	� Cantera, C., Martegani, J., Esterelles, G., and Vergara, J.; Collagen 
Hydrolysate: ‘Soluble Skin’ Applied in Post-Tanning Processes - 
Part 2: Interaction with Acrylic Retanning Agents. J. Soc. Leath. 
Tech. Chem. 86, 195-202, 2002.

16. 	� Holloway, D.F., Process for recovery and separation of nutritious 
protein hydrolysate and chromium from chrome leather scrap A.L.G. 
Company, Editor. 1978: USA.

17. 	� Cabeza, L.F., McAloon, A.J., Yee, W.C., and Taylor, M.M.; Process 
Simulation and Cost Estimation of Treatment of Chromium-
Containing Leather Waste. JALCA 93, 299-315, 1998.

18. 	� Cabeza, L.F., Taylor, M.M., Di Maio, G.L., Brown, E.M., and 
Marmer, W.N.; Processing of Leather Waste: Pilot Scale Studies 
on Chrome Shavings. Part II. Purification of Chrome Cake and 
Tanning Trials. JALCA 93, 83-98, 1998.

19. 	� Chen, W., Cooke, P.H., Di Maio, G.L., Taylor, M.M., and Brown, 
E.M.; Modified Collagen Hydrolysate, Potential for Use as a Filler 
for Leather. JALCA 96, 262-267, 2001.

20. 	� Mokrejs, P., Sukop, S., Langmaier, F., Kolomaznik, K., and Mladek, 
M.; Properties of Collagen Hydrolyzates Obtained from Leather 
Shavings. Asian J. Chem. 19, 1207-1216, 2007.

21. 	� Aftab, M.N., Hameed, A., Ikram-ul-Haq, and Run-sheng, C.; 
Biodegradation of Leather Waste by Enzymatic Treatment. The 
Chinese Journal of Process Engineering 6, 462-465, 2006.

128	 Waste into Valuable Materials



JALCA, VOL. 113, 2018

22. 	� Gaidau, C., Niculescu, M., Stepan, E., Taloi, D., and Filipescu, L.; 
Additives and Advanced Biomaterials Obtained from Leather 
Industry by-products. Rev. Chim. 60, 501-507, 2009.

23. 	� Taylor, M.M., Diefendorf, E.J., Brown, E.M., and Marmar, W.N.; 
Characterization of products isolated by enzyme treatment of 
chromium-containing leather waste. JALCA 87,  1992.

24. 	� Dettmer, A., Santos, R.M.O., Anjos, P.S., and Soares, M.G.; Protein 
extraction from chromium tanned leather waste by Bacillus subtilis 
enzymes. Asociación Química Española de la Industria del Cuero 
65, 93-100, 2014.

25. 	� Scopel, B.S., Lamers, D.L., Matos, E., Baldasso, C., and Dettmer, A.; 
Collagen Hydrolysate Extraction From Chromed Leather Waste 
For Polymeric Film Production. JALCA 111, 30-40, 2016.

26. 	� Ferreira, M.J., Almeida, M.F., Pinho, S.C., and Santos, I.C.; 
Finished leather waste chromium acid extraction and anaerobic 
biodegradation of the products. Waste Manag. 30, 1091-100, 2010.

27. 	� Beltrán-Prieto, J.C., Veloz-Rodríguez, R., Pérez-Pérez, M.C., 
Navarrete-Bolaños, J.L., Vázquez-Nava, E., Jiménez-Islas, H., 
and Botello-Álvarez, J.E.; Chromium recovery from solid leather 
waste by chemical treatment and optimisation by response surface 
methodology. Chem. Ecol. 28, 89-102, 2011.

28. 	� Malek, A., Hachemi, M., and 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, 156-62, 2009.

29. 	� Tahiri, S., Bouhria, M., Albizane, A., Messaoudi, A., Azzi, M., 
Alami.Younssi, S., and Mabrour, A.J.; Extraction Of Proteins 
From Chrome Shavings With Sodium Hydroxide And Reuse Of 
Chromium In The Tanning Process. JALCA 99,   2004.

30. 	� Cabeza, L.F., Taylor, M.M., DiMaio, G.L., Brown, E., Marmer, W., 
Carrió, R., Celma, P.J., and Cot, J.; Processing of leather waste: pilot 
scale studies on chrome shavings. Isolation of potentially valuable 
protein product and chromium. Waste Manage. (Oxford) 18, 211 - 
218, 1998.

31. 	� Dettmer, A., Santos, R.M.O., Anjos, P.S., and Gutterres, M.; Protein 
extraction from chromium tanned leather waste by Bacillus subtilis 
enzymes. Journal of Asociación Química Española de la Industria 
del Cuero 65, 93 - 100, 2014.

32. 	� Taylor, M.M., Cabeza, L.F., DiMaio, L., Brown, E., and Marmer, W.; 
Processing of leather waste: pilot scale studies on chrome shavings. 
Part I. Isolation and characterization of protein products and 
separation of chrome cake. JALCA 93, 61 - 82, 1998.

33. 	� Ting-Da, J., Chun-ping, Z., and Fei, Q.; Reclamation treatment of 
the chrome leather scrap. J. Environ. Sci. 12, 375-379, 2000.

34. 	� Friess, W.; Collagen – biomaterial for drug delivery1. European 
Journal of Pharmaceutics and Biopharmaceutics 45, 113-136, 1998.

35. 	� Mancopes, F., Gutterres, M., Dettmer, A., and Barrionuevo, P., 
Colagênio: estrutura, propriedades e processos, in A ciência rumo à 
tecnologia do couro, M. Guterres, Editor. 2008, Tríplica Assessoria 
e Soluções Ambientais Ltda.: Porto Alegre. p. 505.

36. 	� Wionczyk, B., Apostoluk, W., Charewicz, W.A., and Adamski, Z.; 
Recovery of chromium(III) from wastes of uncolored chromium 
leathers. Part II. Solvent extraction of chromium(III) from alkaline 
protein hydrolyzate. Sep. Purif. Technol. 81, 237-242, 2011.

37. 	� Ferreira, M.J., Pinho, S.l.C., Gomes, J.R., Almeida, M.F., and 
Rodrigues, J.L.; Akaline Hydrolysis of Chromium Tanned Leather 
Scrap Fibers and Anaerobic Biodegradation of the Products. Waste 
Biomass Valor 5, 551-562, 2014.

38. 	� Niculescu, M., Bajenaru, S., Gaidau, C., Simion, D., and Filipescu, 
L.; Extraction of the Protein Components as Amino-Acids 
Hydrolysates from Chrome Leather Wastes Through Hydrolytic 
Processes. Rev. Chim. 60, 1070-1078, 2009.

39. 	� Wionczyk, B., Apostoluk, W., Charewicz, W.A., and Adamski, 
Z.; Recovery of chromium(III) from wastes of uncolored 
chromium leathers. Part I. Kinetic studies on alkaline hydrolytic 
decomposition of the wastes. Sep. Purif. Technol. 81, 223-236, 2011.

40. 	� Cabeza, L.F., Taylor, M.M., Brown, E.M., and Marmer, W.N.; 
Potential Applications For Gelatin Isolated From Chromium-
Containing Solid Tannery Waste: Microencapsulation JALCA 94, 
182, 1999.

41. 	� Catalina, M., Attenburrow, G.E., Cot, J., Covington, A.D., and 
Antunes, A.P.M.; Influence of crosslinkers and crosslinking 
method on the properties of gelatin films extracted from leather 
solid waste. J. Appl. Polym. Sci. 119, 2105-2111, 2011.

42. 	� Paul, H., Antunes, A.P.M., Covington, A.D., Evans, P., and Phillips, 
P.S., Towards zero solid waste: utilising tannery waste as a protein 
source for poultry feed, in 28th International Conference on Solid 
Waste Technology and Management. 2013: Philadelphia - USA.

43. 	� Kolomazník, K., Mladek, M., Langmaier, F., and Janáčová, D.; 
Experience in Industrial Practice of Enzymatic Dechromation of 
Chrome Shavings. JALCA 94, 55-63, 1999.

44. 	� Langmaier, F., Mokrejs, P., Karnas, R., Mládek, M., and Kolomazník, 
K.; Modification Of Chrome-Tanned Leather Waste Hydrolysate 
With Epichlorhydrin. J. Soc. Leath. Tech. Chem 90, 29-34, 2005.

45. 	� Langmaier, F., Mokrejs, P., Kolomaznik, K., and Mladek, M.; 
Biodegradable packing materials from hydrolysates of collagen 
waste proteins. Waste Manag. 28, 549-56, 2008.

46. 	� Mokrejs, P., JANÁČOVÁ, D., Langmaier, F., Mladek, M., K., K., and 
VAŠEK, V.; The influence of thermal cross linking on solubility of 
films prepared from collagen hydrolysate. JALCA 103, 314-322, 
2008.

47. 	� Afşar, A., Gülümser, G., Aslan, A., and Ocak, B.; A Study On 
Usability Of Collagen Hydrolysate Along With Oxazolidine In 
Leather Processing. TEKSTİL ve KONFEKSİYON 1, 37-40, 2008.

48. 	� Ocak, B., Aslan, A., and Gulumser, G.; Utilization of Chromium-
Tanned Leather Solid Wastes in Microencapsulation JALCA 106, 
232-238, 2011.

49. 	� Ocak, B.; Complex coacervation of collagen hydrolysate extracted 
from leather solid wastes and chitosan for controlled release of 
lavender oil. J. Environ Manage. 100, 22-8, 2012.

50. 	� Li, C., Xue, F., and Ding, E.; Preparation of polyacrylamide grafted 
collagen extracted from leather wastes and their application in 
kaolin flocculation. J. Appl. Polym. Sci. 132, n/a-n/a, 2015.

51. 	� Grzybowski, P., The method for obtaining adhesive from protein 
waste. 2016, Google Patents.

52. 	� Chaudhary, R. and Pati, A.; Poultry feed based on protein 
hydrolysate derived from chrome-tanned leather solid waste: 
creating value from waste. Enviro Sci Poll Res Int. 23, 8120-4, 2016.

	 Waste into Valuable Materials	 129


