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Among the waste generated in leather processing, proteic and lipidic compounds are
particularly dominant. Enzymes, like proteases and lipases, have an important role in
biodegradation of collagen, keratin and fats in leather waste. Present investigation deals
with isolation, selection and characterization of proteolytic and lipolytic microorgan-
isms in order to perform biodegradation of waste from leather industry. The inoculum
of microorganisms was sampled from old waste storage dump leather. The proteolytic
microorganisms were isolated using screening method in presence of casein and gelatin
substrate type, respectively. The microorganisms that secrete the lipolytic enzymes were
isolated using medium that contained the Tween 80. These microorganisms identified
by microscopic analysis can be used for improvement of waste leather biodegradation
process.
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Introduction

High amounts of liquid and solid wastes result from leather industry, and finally are disposed
in the environment. This could be the reason for listing leather industry among the most
polluting industries worldwide [1]. One possibility to capitalize the solid leathery waste
with low cost is biodegradation [2].

The cow hide has the following composition: 60–70% water, 30–35% proteins, 0.5–2%
lipids and 0.35–0.5% mineral compounds. The fibril proteins are represented as collagen
in proportion of 90%, elastine over 9% and keratins less than 1%. After tanning process
the water content in the leather decreases, while the content of proteins increases at 70%
(mostly as collagen and small amounts of elastine) and fats, while at the same time new
compounds are introduced like Cr2O3, dyes, synthetical tanneries, pesticides (biocide) etc
[3–5].

In accordance to the composition of waste, specific populations of microorganisms can
be isolated, developed and identified in order to produce specific enzymes that sustain the

∗Address correspondence to Aurelia Meghea, Faculty of Applied Chemistry and Material Sci-
ence, University Politehnica of Bucharest, No 1-7, Polizu Street, Sector 1, 011061, Bucharest, Ro-
mania. E-mail: a.meghea@gmail.com

[881]/301

D
ow

nl
oa

de
d 

by
 [

M
os

ko
w

 S
ta

te
 U

ni
v 

B
ib

lio
te

] 
at

 1
2:

40
 1

5 
A

pr
il 

20
12

 



302/[882] D. S. Stefan et al.

biodegradation. Enzymes like proteases and lipases play an important role in biodegradation
of collagen, keratin and fats, respectively, in leather waste [6]. Proteases are complex
multienzyme systems which catalyze the hydrolysis of amide bonds in the protein molecule
[7].

Collagen is a highly organized biopolymer, consisting of a large number of individual
collagen molecules linked together in a periodic manner. The collagenase is a class of
metalloproteases, which are broadly defined as enzymes that catalyze the hydrolysis of the
native collagen at pH around 7 and at a temperature of 37◦C [8].

The microorganisms that can synthesis the proteases are the bacteria like Clostrid-
ium species: Cl. histolyticum, Cl. perfringens and Cl. capitovale [8]; Bacillus species: B.
subtilis, B. megaterium, B. anthracoides, B. pumilus [9–11]; Pseudomonas species: Pseu-
domonas aeruginosa, [12–15]; fungi like Paecilomyces species: Paecilomyces ehrlichii,
Penicillium klebanii, P. aculeatum, P. purpurogenum and P. roseopurpureum, P. chryso-
genum, P. luteum, P. brevicompactum, P. decumbens, P. rugulosum, P. aculeatum, P. fu-
niculosum, [16,17]; Aspergillus species: Aspergillus niger, A. fumigatus, A. ochraceus, A.
wentii, A. flavus-oryzae (group), Mucor mucedo, Rhizopus nigricans, etc, [18–20].

The microorganisms that can synthesis the lipase are bacteria like Pseudomonas
fragi [21], Aspergilius sp. [22], Bacillus subtilis, Proteus, Acinetobacter, Aeromonas,
Escherichia, Myroides, Brevibacterium, Vagococcus, Staphylococcus, Mycoplana etc.
[23–25].

Present investigation deals with isolation, selection and characterization of proteolytic
and lipolytic microorganisms in order to perform biodegradation of waste from leather
industry. The inoculum of microorganisms was sampled from old waste storage dump
leather. The proteolytic microorganisms were isolated using screening method in presence
of casein and gelatin substrate type, respectively. The microorganisms that secrete the
lipolytic enzymes were isolated using medium that contained CaCl2 and Tween 80. These
microorganisms are used for improvement of waste leather biodegradation process.

Materials and Methods

Microorganism Isolation

Inoculums of microorganisms were sampled from leather waste storage dump. Amounts
of 1 g of soil sample were suspended in 100 mL of physiological solution and vigorously
mixed. Serial dilutions to 10−4 M were made and aliquots were flooded on nutritive agar
plates containing the following components, (g/L): peptone, 5; meat extract, 3; agar, 15
[26]. Agar plates were then incubated for 48 h, one part at 37◦C and another part a 17◦C.

Visible morphological types of single colonies were isolated by transfer in tubes
containing nutrient agar, by the method of exhaustion loop (scratching the surface), and
maintained on the above medium at 4◦C.

Enzymatic Activities

The developed colonies were tested for protease production on casein clearing zone tech-
nique; colonies with clear zones formed by the hydrolysis of casein were evaluated as
producers, [27]. The culture medium contained the following components (g/L): casein
2.5, agar 15, Ca(OH)2, 0.15, CaCl2, 0.05. The samples were incubated for 48 h at 17
and 37◦C, respectively. Depending on the zone diameter and clearance the optimum
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microorganism as protease producer has been selected and the proteolytic index, Ip, has
been calculated as the ratio between lyses zone diameter and colony diameter (Ip = Ф lysis/
Фcolony).

The selected microorganisms were used for testing the gelatin hydrolysis from medium
that contained (g/L): meat peptone, 5, meat extract, 3, gelatin, 120 and it was incubated for
48 h at 17◦C and 37◦C, respectively, [28].

Similarly the colonies have been tested for lipase production by hydrolysis of Tween
80 (sorbitol esters with the fat acids); colonies hazing the zones were evaluated as producers.
The lipolitic index, Il, was calculated as the ratio between lyses zone diameter and colony
diameter, [26]. The microorganisms isolated from colonies were identified based on colonies
morphology and microscopic analysis [29].

Results and Discussion

The images with proteolytic activity of selected microorganisms are illustrated in Fig. 1.
Out of 57 colonies of microorganisms differently developed on nutritive agar, only 10 were
able to produce efficiently clearing zones in medium containing casein, respective have a
great Ip index.

Figure 1. Images with proteolytic activity of selected microorganisms.
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Table 1. Enzymatic activity for selected colonies

Colony Temperature of Proteolytic Gelatin Lipolytic
number incubation, ◦C activity hydrolysis activity

P1 17 + − +
P2 17 + − +
P3 37 + + +
P4 17 + + +
P5 17 + + −
P6 17 + − −
P7 37 + + +
P8 37 + − +
P9 37 + + +
P10 37 + + +

The enzymatic activity for selected colonies is presented in Table 1, and the values
of Ip and Il indices for ten colonies selected as good protease producers for 24, 48 and
72 hours are collected in the Table 2.

The selected microorganisms showed good growth and protein synthesis with a varying
level of proteolytic activity (see Table 2). The proteolytic activity was developed at different
temperatures as follows: at 17◦C for samples P1, P2, P4, P5, P6 and P7 of cryophilic
microorganisms, and at 37◦C for samples P3, P8, P9, P10 of mesophilic-thermophilic
microorganisms.

From analysis of enzymatic activity results that the microorganisms from samples P3,
P4, P7, P9 and P10 produce protease and lipase enzymes in the same time, proteases can
hydrolyze the gelatin and thus can be used for leather biodegradation.

The analysis of data presented in Table 2 reveals that the proteolytic and lipolytic
indicators are greater after 48 hours, the proteolytic indices decrease in order: P3 > P6 >

P8 > P9 > P67 > P4 > P10 > P5 > P1 > P2 and the lipolytic indices decrease in order:
P9 > P8 > P7 > P3 > P2 > P1 > P10 > P4. It is expected that microorganisms that were

Table 2. Values of Ip and Il for colonies good protease producers

Proteolytic index, Ip Lipolytic index, Il
Colony
Number 24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs

P1 1.0 1.8 2.8 2 2.5 2.25
P2 0.2 0.6 1.4 2 3 2.75
P3 10 18 14.5 3.34 3.25 3.00
P4 7 6.75 6.67 1.25 1.25 1.25
P5 2.75 4 5.6 — — —
P6 8 11.5 10.7 — — —
P7 10 7 6.3 0 4 4.5
P8 8 8 6.7 6.25 6.25 6.25
P9 8 7.5 7.2 14 14.3 14.7
P10 6 6 6 1.7 1.3 1.1
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Figure 2. Microscopic images of microorganisms colonies: P1 - Penicillium sp., P2 - Aspergillum
sp., P3, P8, P9, P10 - Bacillus sp., P4, P5, P6, P7 - Micrococcus sp.

developed in colonies P8, P9, P3 and P7 to have the best performance in the degradation
of leather waste.

In Table 3 and Fig. 2 the characterization and images of microorganism colonies are
presented.

After microscopic analysis of microorganisms in colonies and cells the following
species have been identified: P1 - Penicillium sp., P2 - Aspergillum sp, P3, P8, P9, P10 -
Bacillus sp., P4, P5, P6, P7 - Micrococcus sp.

Conclusion

The methodology used for isolation, selection and characterization of microorganisms
sampled from leather waste storage dump results in obtaining of microorganisms able to
produce the extracellular protease and lipase.

The Bacillus sp (samples P3, P9 and P8) showed higher extracellular proteolytic and
lipolytic activity, all these being mesophilic-thermophilic microorganisms.

The maximum enzymatic activity obtained is function of cultivation time, the maximum
level of protease production being obtained after 48 hours by Bacillus sp (P3).

Selected bacteria strains have biotechnological potential for degradation and utilization
for leather waste biodegradation. Microorganisms selected will be also used for the synthesis
of enzymes required for biodegradation of leather waste.
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