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Leather industry contributes to one of the major 
industrial pollution problems facing the country, and 
the pollution causing chemicals, viz. lime, sodium 
sulphide, salt, solvents, etc. arise mainly from the pre­
tanning processes of leather processing. In order to 
overcome the hazards caused by the tannery effluents, 
use of .enzymes as a viable alternative has been 
resorted to in pre-tanning operations such as soaking, 
dehairing, bating, degreasing and offal treatment. This 
review focuses on the use of microbial enzymes as an 
alternate technology to the conventional methods, and 
highlights the importance of these enzymes in 
minimizing the pollution load. 

ENVIRONMENTAL pollution has been a major irritant to 
industrial development. Chemical and chemical-based 
industries are the prime targets of the environmentalists 
for their crusade against pollution, and leather industry 
has also not been left out of the reckoning. The generation 
of pollution is significantly high in the pre-tanning 
operations compared to the post-tanning operations·. The 
chemicals mainly responsible for pollution in pre-tanning 
processes are lime, sodium sulphide, and caustic soda 
apart from common salt and degreasing chemicals. In fact, 
one third of the pollution caused by the leather industries 
results from the wastes generated during dehairing 
operations2

• The wastes from the tanneries are let out into 
the drains which in turn empty into the main sewerage 
causing hazard to those who use this water. Many 
tanneries have been forced to close down because of their 
noncompliance with the standards laid down. In a short 
span of time, Indian leather industry has faced serious 
challenges such as German ban on pentachlorophenate, 
certain azo dyes, formaldehyde, etc. on one hand, and 
court order for compliance with environmental regula­
tions on the other3

• The attention of tanners is 
focused towards revamping the processing methods, 
recovery systems, and eftluent treatment techniques to 
make leather processing eeo-friendly. Intensive efforts are 
being directed towards using a viable alternative 
technology for pre-tanning processes using enzymes4

•
5

• 

This could be one of the ways of solving the 

• For correspondence. 
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industrial pollution problems resulting from tannery 
effluents. 

Conventional leather processing 

The raw hide has to undergo a series of chemical 
treatments before it turns into a flattering leather. This 
includes soaking, liming, dehairing, deliming, bating, 
degreasing, and pickling·. For all these steps, the 
chemicals used are quite toxic. Thus due to these 
pretanning operations, the leather processing industry is 
one of the worst offenders of the environment. 

The principal leather making protein, collagen, exists in 
hides and skins in association with various globular 
proteins, viz. albumin, globulin, mucoids; and fibrous 
proteins such as elastin, keratin, and reticulin. During 
leather manufacture, the noncollagenous constituents are 
removed partially or completely in the various pre-tanning 
operations; the extent of removal of these constituents 
decides the characteristics of the final leather. Besides 
chemical treatment, certain enzymatic treatments are also 
necessary to get optimum results. One such treatment, 
bating, is the only step in leather processing where 
enzymatic process cannot be substituted by chemical 
processes. The process of bating gives certain desired 
characteristics to the finished leather. Earlier, the process 
was carried out using dog dung or manure6• The use of 
this was not only unhygienic but fermentation could also 
not be controlled. 

In pre-tanning operations, the hides and skins are first 
subjected to a water soak. For loosening the hair7

, the 
oldest method is the 'sweating' process - a natural 
autolysis or breakdown process. It is a mild putrefaction 
process induced at random. Since the type and quantity of 
the putrefying bacteria cannot be controlled, the process 
itself eludes control. Moreover, since the sensitivity to 
attack the epidermal proteins and the fibrous proteins of 
the corium by the proteolytic enzymes is more or less the 
same, the sweating may result in serious damage to the 
hide surface. Dehairing is used to be followed by opening 
up of fibre structure in 'liming'. The dehaired hide is 
transferred to an alkaline solution of lime milk where 
swelling occurs and the nonfibrillar proteins are 
dissolved. After mechanical removal of the subcutaneous 
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etc. l
. It is accelerated by some of the non ionic detergents 

and additives such as sodium sulphide or sodium 
tetrasulphide. 

The advantages of enzymatic soaking include loosening 
of the scud, initiation of the opening of the fibre structure, 
and production of leather with less wrinkled grain when 
used at an alkaline pH of less than 10.5 (ref. 6). Use of 
enzyme preparation in soaking of rabbit skins improves 
the softness and elasticity, and increases the area yield of 
the fur by 3.3% while reducing the processing time by 
10-20 h (ref. 18). 

Grimml8 has described a soaking method using 
proteolytic enzymes and carbohydrases in the pH range of 
5.S to 10.0. Enzymes from Aspergillus parasitic us, A. 
flavus, A. oryzae, and Bacillus subtilis have been used 
alone or in mixtures. Rokhvarger and Zubin20 suggested 
the use of carbohydrase from the mold culture A. awamori 
in soaking. Botev et al. 21 have reported the use of 
bacterial amylase for soaking dried wool lamb skins. 
Alkaline proteases of bacterial and fungal origin have 
been used for soaking which reduces the need for the 
liming chemicals by 30-60% (refs 22,23). Soaking of 
dried furs in an aqueous bath containing 1 % acid 
proteinase from Rhizopus rhizopodijormis and sodium 
bisulphite at 25°C for about 20 h has been reported by 
Asbeck et at. 24. Orlita and Beseda25 have tested three 
commercial bacterial alkaline protease preparations for 
the soaking of salted cow hides. Thus, use of enzyme 
preparations results in a decrease in soaking time. 

Soaking is usually carried out using a combination of 
proteolytic enzymes that are optimally active in the 
neutral or alkaline pH range. For enzymatic soaking, the 
average soaking period for salted raw stock is about 4 h 
and for dried raw stock is about 8-10 h (ref. 26). A water 
soak without auxiliary agents takes 24 h for salted hides, 
and 36-48 h for dried hides. 

Process 

Soaking 

Dehairing 

Table 1. Enzymes used in pretanning operations 

Enzyme Microorganism 

-
Protease Aspergillus parasiticus, A. flavus, 

A. orywe, and Bacillus subtilis· 9
, 

Rhizopus rhizopodi!ormis24 

Carbohydrases Aspergillus awamori2f
) 

" 

Protease Aspergil/usflavus33
•
35

, Aspergillus Sp,34, 
Bacillus subtilis4

', Lactobacillus Sp.4!, 
COIlidiobo/u" sp.l6, 

B. amy/olique!aciells64
, 

Streptomyces J,iseus, S. !radiae65
, 

S. moderacus 

Bating Protease A ,. 6768 S ' d . parasllll.:US . , . rllnosus un 
B / ' h ,~ , 4~ B b '/" 69 . Ie entJOrmlS I • SU 11 IS , 

Degreasing Lipase 

• " 
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Penicillium j<Jllthine/lum '0 

Rltizopus nodo"u., 49, A. oryl,at! and 
A. flavus7 J 

" 

Enzymes in dehairing 

Dehairing is one of the main operations in the beamhouse. 
Five methods of dehairing are generally adopted, viz. (i) 
clipping process, (ii) scalding process, (iii) chemical 
process, (iv) sweating process, and (v) enzymatic pro­
cessl. Of these, the most commonly practiced method of 
dehairing of hides and skins is the chemical process using 
lime and sodium sulphide. However, the use of high 
concentrations of lime and sodium sulphide creates an 
ex.tremely alkaline environment resulting in the pulping of 
hair and its subsequent removal. While one cannot 
question the efficacy of this process, its inherent 
disadvantages have to be taken note of. Significant 
amongst these are: 

(i) It contributes in no small measure to the pollution 
load. Beamhouse processes generally account for 70-80% 
of the total COD of eftluent from all leather making 
processes. About 75% of the organic waste from a tannery 
is from the beamhouse and 70% of this waste is from hair 
which is rich in nitrogen. These figures clearly illustrate 
the contribution made by the lime and sulphide process 
towards pollution27. 
(ii) Sulphide is highly tox.ic with obnox.ious odor. If left 
untreated, it can cause major problems in the sewers. 
(iii) The severe alkaline condition is a health hazard for 
the workers. 

Enzymatic dehairing is suggested as an environmentally 
friendly alternative to the conventional chemical process6

• 

The enzyme digests the basal cells of the hair bulb and 
the cells of the malphigian layer. This is followed by 
loosening of hair with an attack on the outermost sheath 
and subsequent swelling and breakdown of the inner root 
sheath and parts of the hair that are not keratinized28. 
Advantages of enzymatic dehairing are: 

(i) Significant reduction or even complete elimination of 
the use of sodium sulphide. 
(ii) Recovery of hair of good quality and strength with a 
good saleable value. 
(iii) Creation of an ecologically conducive atmosphere 
for the workers. 
(iv) Enzymatically dehaired leathers have shown better 
strength properties and greater surface area. 
(v) Simplification of pre-tanning processes by cutting 
down one step, viz. bating. 
(vi) A significant nature of the enzymatic dehairing 

, 

process is the time factor involved. The lime-sulphide 
process takes about 16 h, whereas the enzymatic dehairing 
would be also completed between 12 and 20 h (ref. 29). 

Proteolytic enzymes are of great commercial importance, 
contributing to more than 40% of the world's commer­
cially produced enzymes30

• Approximately 50% of the 
enzymes used as industrial process aids are proteolytic 
enzymes31

• Proteolytic enzymes are more efficient in 
enzymatic dehairing than amylolytic enzymes I, 
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has been less pronounced under the influence of microbial 
proteases than under the influence of pancreatic prote­
ase

48
• A combination of both mold and pancreatic 

enzymes in suitable proportions will be an ideal bate for 
different types of leather. 

In bating. pancreatic enzymes are used in combination 
with neutral and alkaline bacterial or fungal proteases. 
After loading the drum with the pelts. the float is fed in at 
35-37"C and. then. the bating agent containing enzyme, 
ammonium salts and carrier material is added. 

Enzymes in degreasing 

Degreasing is an essential step in the production of glove 
and clothing leather. In this process there is removal of 
excess natural fats from greasy ski ns. The presence of 
natural grease in raw hides and skins, especially woolly 
sheep skins. results in various defects, viz. fatty spues, 
uneven dyeing and finishing, waxy patches in alum-tanned 
leathers, and pink stain on wet blues l. During the 
degreasing operation in the pretanning process. the fat or 
grease is removed from the interfibrillary spaces of the 
skins to facilitate the even penetration of tanning 
materials, fat liquors, and dyes. etc. Degreasing helps to 
obtai n soft and pliable leather for garment manufacture. 

Degreasing is carried out after pickling, using aqueous 
emulsification with detergents. or by solvent extraction. It 
is well known that organic solvents like kerosene, petrol, 
perchloroethylene and trichloroethylene are highly unsafe 
and hazardous to the workers and heavily pollute the 
environment. The detergents, though not hazardous while 
handling and storing, cause serious pollution problems. 
These detergents and solvents add to the BOD load of the 
pickling effluent. and the chlorinated hydrocarbons and 
solvents add to the toxicity of the effluent49

• 

Enzymatic degreasing is suggested as a viable 
alternative to combat the poIIution problems caused by 
the use of solvents and detergents. Lipases which are 
projected as alternatives for solvents and detergents, 
catalyze the breakdown of fats and can be obtained from 
animal. microbial and plant sources. The advantages of 
using enzymes for degreasing are the elimination of 
solvents, reduction in surfactants, and possible recovery 
of valuable by-products. The disadvantages are that the 
lipases do not remove all types of fats in the same way 
that solvents do, and they add cost to the process. 

In 1966, Trabitzsch47 described the potential for lipases 
in degreasing skins. Baldano and Shestakova50 compared 
the enzymatic and solvent degreasing of pig skin and have 
shown that both these methods remove approximately 
50% of the grease. Yeshoda et al. 51 

used a fungal lipase 
for the degreasing of woolly sheep skins, pH range of 
3.2-3.6 at 3rC for 1 h. Subsequently, Yeshoda et at.52 

observed that degreasing and bating could be carried out 
simultaneously in the pH range of 7.8-8.0. An acid lipase 
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from Rhizopus nodosus has been noticed to be very 
effective in the degreasing of sheep skins49

• Zhang 
reported use of alkaline lipase in combination with the 
proteinase and pancreatin in softening pig skin to improve 
the degreasing effect53

• Pfleiderer et at. 54 carried out 
degreasing of hides by soaking in an acidic bath 
containing a proteolytic enzyme (0.01-3.0%). and a 
non ionic surfactant (0.2-1.5%) or its mixture with anionic 
emulsifiers. A combination of proteolytic enzymes and 
emulsifiers gives optimum results in wet degreasing of 
sheep skinsl. 

CLRI has developed a potent fungal lipase from 
A. lliger55 and a potent bacterial Jipase56

• Comparative 
studies on degreasing of sheep skins using the bacterial 
lipase and commercial detergent-based degreasing agent 
Gelon-PK have been carried out. Improved degreasing 
results with the bacterial lipase, with added advantages of 
better softness, smoothness, and improvement in other 
physical properties57

• Furthermore, the lipase without 
detergent is observed to show 70% degreasing in 2 h, with 
the eft1uent showing minimal pollution load. 

Enzymatic degreasing can be carried out with acidic or 
alkaline lipases of fungal or bacterial origin. For 
degreasing, pickled pelts are kept immersed in an enzyme 
bath containing microbial lipase and water pH of 3.6, and 
left in the same bath overnight at a temperature of 28-
32°C. The degreased pelts are then removed from the bath 
and subjected to salt wash twice with water and common 
salt for 40 min. The washed pelts are repickled, chrome 
tanned and taken for further processingSo

• The use of an 
alkaline lipase at a pH of 9.0 to 9.3 in the degreasing of 
pig skin results in short degreasing time and high 
degreasing efficiency58. 

Enzymes for by-products utilization and effluent 
treatment 

Enzymes could be used in the treatment of fleshings and 
effluent from tannery processes. A combination of 
hydrolytic enzymes, viz. proteases, carbohydrases, and 
lipases would be required. The advantages to be realised 
include a protein by-product suitable for animal feed as 
well as energy conservation and fat recovery. Again, the 
major disadvantage would be the cost6• 

When raw hides are processed to leather, a number of 
by-products such as native hide material (claws. tails. 
necks, fleshings). pelt waste (trimmings, machine 
fleshings, gluestock, pelt cuts), and tanned material 
(shavings, leather cuts, buffing dust. chrome cuttings) are 
obtained to. 

Braeumer et at.59 have described the enzymatic 
conversion of glue stock and other hide offal to 
technically useful byproducts by hydrolysing the 
pulverised hide wastes with an alkaline protease, pH 9.0-

CURRENT SCIENCE. VOL. 77, NO. 1.10 JULY 1999 





SPECIAL SECTION: FERMENTATION - SCIENCE & TECHNOLOGY 

23. Monshcimcr. R. and Pncidcrcr. E .• East German Patent No. 
2308967.1974. 

24. Asheck. A., Pfeiffer. H. F .• Plappcr.T. and Schimid. R., German 
Palcnt No. 2836824. 1980. 

25. Orlita. A. and Bescda. J., Kozarstvi. 1985.35.293-295. 
26. pneidcrer. E .• Led",. 1975.26.149-154. 
27. Purushotham. H .• Malathi. S .• Rao. P. V .• Rai. C. L .. Immanuel. 

M. M. and Raghavan. K. V., J. Soc. Leather Tee/mol. Clwn., 
1994. 80. 52-56. 

28. Kuntzel, A. and Stirtz. T .. J. Am. Leather Chern. A,'soc., 1958, 53. 
445-466. 

29. Malathi. S. and Dhar. S. c.. Leather Sci .. 1987,34,67-76. 
30. Ward. O. P .• in Mit'rohia/ Enz:ymes and Biotechnology (cd. 

Fogarty, W. M.). Applied Science. London. 1983, pp. 2S 1. 
31. Godfrey. T. and Reichelt, J., Industrial Enz:ym%gy, Nature Press. 

New York. 1983. 
32. Matsubara, H. and Feder. J., in The Enzymes (ed. Boyer, P. D.), 

Academic I'rcss. NY, 1971, vol. III. pp. 721. 
33. Rohm, 0 .. Gelman Patent No. 88,740. 1953. 
34. Gillespie. J. M., J. Soc. Leather Trad. Chem., 1953,37.344-353. 
35. Maiathi, S. and Chakraborty, R., App/. Environ. Microbial .• 1991, 

57.712-716. 
36. Srinivasan. M. C .. Vartak, H. G., Powar, V. K. and Sutar, I. I., 

Bioteehno/. Lell., 1983. 5, 285-288. 
37. Aunstrup. K., Annu. Rep. Ferment. Proc., 1978,2.125. 
38. Lambert. P. W. and Meers, J. L., Philos. Trans. R. Soc. umdon, 

1983, B300. 263. 
39. Toyoda, H. and Futami, A., Bu/l. Japan Assoc. Leather Technol., 

1962,8,49. 
40. Stellmach. 1. J., Learher Shoes., 1963.145, 40 ~4. 

41. ["kshmibarathi, K., Dhar, S. C. and Ghani, M. A., Leather Sci .• 
1978. 25, 279-281. 

42. Schlosser, L., Kellcr, W., Hein, A. and Heidemann, E., J. Soc. 
Leather Techno/. Chem.,1986, 70,163-168. 

43. Pauckner, W .• Congress report of the Scientific Association of the 
Leather. Shoe and Leather Processing Industries, Budapest, 1982. 
p. 309. 

44. Chandrasekaran. S. and Dhar, S. c., Lealher Sci., 1985, 32, 297-
304. 

45. Dhar, S. C. and Panneerselvam, M., Indian Patent No.! 53246, 
1980. 

46. Underkoner. L. A. and Hickey. R. J., in Industrial Fermentations, 
New York Chemical Publishing Co .• NY, 1954. vol. II. p. 109. 

47. Trabitzsch, H., J. Soc. Leather Teci!l1ol. Chem .• 1966, 50, 382-
389. 

48. Pokorny, M., Restek. A. and Petravic, J., Koz.arsrvi., 1983, 33, 224-
226. 

49. Muthukumaran, N. and Dhar, S. C., Leather Sci .. 1982,29.417-
424. 

86 

50. Baldano, Z. K. and Shestakova, I. S., Mater. Nauchn. Konf Vos/. 
Sib. Tekhnol. Illst. Sekts. Khem. Tcchno!., 1972. 11th. 95; thru CA. 
82, I! 3205g (1975). 

51. Yeshodha, K .. Dha", S. C. and Santappa, M .• Leal/,er Sci., 19783, 
25,77-86. 

52. Yeshodha. K., Dhar, S. C. and Santappa, M., Lealher Sci., 1979b, 
25, 267-273. 

53. Zhang. X. and Zhang. Y., PiKe Keji., 1982, 7, 16-61; Sauer, 0., 
Leder-und HuuI.markt. Gerbereiwissenschaft und Praxis, 1984, 

36. 70. 
54. Pfleiderer. E., Taeger, T. and Wick, G., Braz. Pedido P. I., BR 

8401624, 1984. 
55. Kamini. N. R., Mala. J. G. S., Rao, D. R. and Puvanakrishnan, R., 

Indian Patent, 1998 (under process). 
56. Hemachander. C .• Naidu. R. B. and Puvanakrishnan, R., Indian 

Patcnt, 1998 (under process). 
57. Senthamarai, S., Project Report M. Tech., Leather Technology, 

Anna University, 1998. 
58. Hu. T., Zhou, Z., Zhong. J., Cao. Q .. Huang, C. and Gu. X., Pige 

Keji, 1983, 3, 19-20. 
59. Braeumer, K., Eckmayer, Z., Monsheimer, R. and pneiderer, E., 

East German Patent No.2 705671,1978. 
60. Bronowski. K., Sagata, J. and Studniarski, K., Leder, 1979, 30, 

8-12. 
61. Sauer, 0., Leder-lind Hllutem{/rkt. Gerbereiwissenschaft und 

Praxis, 1984,36.70; thru JALCA abstracts. 80,190 (1985). 
62. I1iskovic, N. and Mersed, I., Koza Obuca, 1985, 34, 130; 103, 

162149C (1985). 
63. Brief News (ed. Ashwani Gupta) Footwear and Leather. 1998, 2, 

28. 
64. George, S., Raju, V., Krishnan, M. R. V., Subramanian, T. V. and 

Kunthala Jayaraman., Process Biochem., 1995, 5, 457-462. 
65. Kubota, M. and Kimura. S., Hikaku Kagaku, 1967,14,146-154. 
66. Chandrasekar. S. and Dhar, S. C., J. Ferment. Techno/., 1983,61,511. 
67. Bose, S. M., Dhar. S. C. and Das, B. M., Tanner. 1956,11. 17-20. 
68. Bose, S. M., Dhar, S. C. and Das, B. M., Tanner, 1956,11,27-31. 
69. Jareckas. G., Proizrod. Primen. Milkrobill. Ferment. Prep., 1974. 

1,85. 
70. Thungamani, A., Ghosh, R. K. and Goswami, P. K .. Indian Patent 

No. 127236. 1970. 
71. Markin, I. V., Kozh-ObvlIn Prom-sl., 1963,5,30. 

ACKNOWLEDGEMENTS. We thank Dr T. Ramasami. Director. 
Central Leather Research Institute. Madras, for his permission to 
publish this work. We gratefully acknowledge the financial assistance 
extended to Mrs N. R. Kamini and Mr C. Hemachander by the 
Department of Biotechnology, Government of India, and to Ms J. 
Geraldine Sandana Mala by Council of Scientific and Industrial 
Research, Government of India. 

CURRENT SCIENCE, VOL. 77, NO. I. 10 JULY 1999 


