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PELT WASTE DEGRADATION USING FUNGI STRAINS

Rodica Roxana CONSTANTINESCU', Daniela Simina STEFAN?,
Aurelia MEGHEA®, Gabriel ZAINESCU*

Microbiological degradation of pelt waste is amongst the permanent
concerns of leather processing units. The process may have the purpose of
decomposing waste to exploit by-products as biocompost or to obtain proteases
through a biotechnological process. These enzymes can be used after purification in
various processes that have animal protein as a substrate. They can also be used in
raw state for enzymatic hydrolysis.

The paper aims at determining the optimal pH and incubation temperature of
Penicillium strains capable of decomposing pelt waste.
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1. Introduction

In recent years, there has been an increased interest in the use of biological
degradation of leather waste. Leather has a complex composition comprising
collagen, keratin, elastin, albumins and globulins [1, 2]. Each of these compounds
can be degraded under certain environmental conditions (temperature, humidity,
pH, O, concentration) under the action of enzyme complexes synthesized by a
variety of microorganisms (bacteria and fungi). Leather waste degradation occurs
by means of proteolytic enzymes [3, 4].

Recent global legislation on environment protection stipulates the
necessity of changes in the leather processing industry [5]. The processes of
leather processing and tanning contribute by 80-90% to the total pollution
attributed to the industry, by generating toxic gases (such as H,S), wide variations
in pH values (2.8-13), organic and inorganic load (sulphates, chlorides and
chromium) and solid waste. The leather industry is warned to opt for cleaner,
environmentally friendlier solutions [6].
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Microbiological degradation of pelt waste is amongst the permanent
concerns of leather processing units. Microorganisms (fungi and bacteria) play an
important role in solving these problems.

Molds or filamentous fungi are eukaryotic spore-forming microorganisms,
feeding by absorption, easily adaptable, because they have the ability to form
induced enzymes depending on the nature of the substrate they are found, causing
degradation [7-9].

The fungi that grow on leather are part of the lipolytic group, since they
use fat as their sole carbon source. In addition, this fungi category also synthesizes
organic acids that cause colored spots [10-13].

Most degradations found on leather waste are due to the action of fungi, a
microorganism group very rich in enzymes. The following strains have been
identified: Penicillium chrysogenum, P. rugulosum, P. brevicompactum, P.
luteum, P. decubens, P. aculeatum, P. funiculosum, Aspergillus niger, A.
fumigatus, A. ochraceus, A. ventii, A. flavus, A. oryzae, Mucor mucedo, Rhizopus
nigricans, Paecylomyces varioti, Scopulariopsis brevicaulis, Verticillium
glaucum, Trichoderma species [14-19].

Their application in leather industry, with the aim of replacing toxic
chemicals currently in use, is a relatively new development and is important in
terms of biotechnology. The wide variety of proteases and their specificity of
action attracted attention of specialists in an attempt to exploit their characteristics
in biotechnological applications [20-23].

Microorganisms (bacteria and fungi) are an excellent source of these
enzymes and can be used as such for various purposes, including in the leather
industry [24-26].

This paper aims to establish the optimal pH and incubation temperature for
Penicillium strains capable of decomposing pelt waste.

2. Experimental

Samples of ground protein waste were used in the experiments. They are
gray-yellowish, with hard, slightly gelatinous, wet consistency.

Materials and methods

Pelt waste was treated with three fungal strains in order to subject it to
degradation under controllable laboratory conditions. Experimental variations of
parameters were made separately to determine the optimum value of each strain.

Fungal strains belonging to the genus Penicillium were used and were
given the following codes: 1-1, 1-2, 3.

Fungi culture medium contained 2 g of pelt waste and a nutritional
solution (potato-dextrose-agar) specific for this group of microorganisms.

Pelt waste was used as such and the nutritional solution was sterilized.



Pelt waste degradation using fungi strains 125

Experiments were made on media whose pH was adjusted before
sterilization at values = 5.0, 7.0 and 9.0, respectively.

The inoculum was represented by a spore suspension containing 1.2x10"
units/ml. It was obtained by harvesting spores from cultures obtained on PDA
(Potato-Dextrose-Agar) medium after 14 days of incubation at 28°C.

Incubation of media with pelt waste inoculated with Penicillium strains for
each pH variant was performed at 20, 28 and 35°C.

Culture fluids were harvested from each of three strains of Penicillium at
7, 14 and 21 days to determine the proteolytic activity. Also, daily observations
were made on the development of three strains of Penicillium in order to establish
a possible correlation between the degree of development, proteolytic activity and
weight loss of the substrate (pelt waste subject to degradation).

Proteolytic activity was determined by the Kunitz method. Enzyme
activity was tested under the following conditions: substrate represented by 1%
casein was incubated with culture fluid at 35°C for 30 minutes. Proteolytic
activity was expressed in mg of casein/mL.

3. Results and discussion

Proteolytic activity in the medium with pelt waste was specific for each of
the three fungal strains tested and for each strain depending on the growth
conditions: pH and temperature of incubation.

Fungal strain Penicillium sp. 1-1, grown at pH = 5, synthesized proteases
with significant activity (1.5 mg casein/mL) after 21 days of incubation at 35°C

(Fig. 1).
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Fig. 1. Dynamics of proteolytic activity in the culture liquid of 1-1 fungal strain at pH 5 and
temperature of 20, 28 and 35°C

Activity of 1.2 mg casein/mL was highlighted at pH = 7 and 9 by
incubation at 35°C after 14 days and 21 days (Figs. 2, 3).
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Fig. 2. Dynamics of proteolytic activity in the culture liquid of 1-1 fungal strain at pH 7 and
temperature of 20, 28 and 35°C
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Fig. 3. Dynamics of proteolytic activity in the culture liquid of 1-1 fungal strain at pH 9 and
temperature of 20, 28 and 35°C

The morphological appearance of fungal culture Penicillium 1-1 shows a
great increase by incubation at 20°C, good at 28°C and poor at 35°C. It is noticed
that there is no correlation between the degree of culture development and
proteolytic activity. The experimental variant with the highest proteolytic activity
was also confirmed by weight loss of pelt waste subjected to hydrolysis (0.84g -
Table 1).

Table 1

Pelt waste degradation by fungal treatment
Strain code | pH | Temperature (°C) | Weight loss (g)

1-1 5 20 0.20
1-2 5 20 0.18
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3 5 20 0.20
1-1 7 20 0.21
1-2 7 20 0.20

3 7 20 0.18
1-1 9 20 0.25
1-2 9 20 0.24

3 9 20 0.30
1-1 5 28 0.31
1-2 5 28 0.20

3 5 28 0.83
1-1 7 28 0.40
1-2 7 28 0.22

3 7 28 0.12
1-1 9 28 0.53
1-2 9 28 0.26

3 9 28 0.25
1-1 5 35 0.84
1-2 5 35 1.05

3 5 35 0.29
1-1 7 35 0.70
1-2 7 35 0.58

3 7 35 0.65
1-1 9 35 0.73
1-2 9 35 0.42

3 9 35 0.30

Penicillium 1-2 fungal strain synthesized proteases in significant amounts

(2.9 mg casein/mL) after incubation at 35°C (Fig. 4).
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Fig. 4. Dynamics of proteolytic activity in the culture liquid of 1-2 fungal strain at pH 5 and
temperature of 20, 28 and 35°C

The optimum biosynthesis pH for this strain has a value of 5, and the time
of culture incubation is 14 days. Slightly reduced activities were highlighted at pH
=7 and 9 also, after culture incubation for 14 days (Figs. 5, 6).
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Fig. 5. Dynamics of proteolytic activity in the culture liquid of 1-2 fungal strain at pH 7 and
temperature of 20, 28 and 35°C
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Fig. 6. Dynamics of proteolytic activity in the culture liquid of 1-2 fungal strain at pH 9 and
temperature of 20, 28 and 35°C

Penicillium 1-2 fungal culture shows a good development by incubation at
28°C on the medium with pH = 7 and 9 and a reduced growth on medium with pH
= 9.5 and incubated at 28 and 35°C. It is noticed that there is no correlation
between the degree of culture development and proteolytic activity.

The experimental variant with the highest proteolytic activity was also
confirmed by weight loss of pelt waste subjected to hydrolysis (1.05g, Table 1).

Penicillium 3 fungal strain synthesizes proteases with maximum activity
(1.5 mg casein/ml) in the culture medium with pH = 5, after 21 days of incubation
at 28°C (Fig. 7).
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Fig. 7. Dynamics of proteolytic activity in the culture liquid of 3 fungal strain at pH 5 and
temperature of 20, 28 and 35°C

Slightly lower proteolytic activity of this strain (1.1 mg casein/ml) was
revealed on culture medium with pH = 7, after incubation for 14 days at 35°C
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(Fig. 8). The lowest proteolytical activities were obtained in the nutritional
medium of pH =9 (Fig. 9).
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Fig. 8. Dynamics of proteolytic activity in the culture liquid of 3 fungal strain at pH 7 and
temperature of 20, 28 and 35°C
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Fig. 9. Dynamics of proteolytic activity in the culture liquid of 3 fungal strain at pH 9
and temperature of 20, 28 and 35°C

Penicillium 3 fungal strain has a very good development on the medium
with pH = 5-9 and incubation at 20°C, a good development on the medium with
pH = 5-7 and incubation at 28°C. This strain has a reduced development by
incubation at 35°C regardless of the pH value. It is noticed that there is no
correlation between the degree of culture development and proteolytic activity.
The experimental variant with the highest proteolytic activity was also confirmed
by the weight loss of pelt waste subjected to hydrolysis (0.83g - Table 1) .
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4. Conclusions

Three selected fungal strains have been tested to synthesize proteases with
significant hydrolytic activity on pelt waste. Proteolytic activity of tested strains is
different depending on the pH of the nutritional medium, temperature and
incubation time. Protease synthesized by tested bacteria strains intensified over
the incubation period; all experimental variants showing the maximum of
enzymatic activity occur at 14 days and depends also on pH.

All tested strains have a very good development by incubation at 28°C.
Two of fungal strans grow well on pH = 7, while the third strain grows well at all
pH values. Biosynthesis activity of the proteases is not directly correlated with the
biomass synthesized by the tested strains.

Results obtained in this study showed the ability of some strains of the
genus Penicillium to synthesize large amounts of proteolytical enzymes and to
degrade leather waste, as well as the possibility of using these microorganisms as
a source of proteases in various biotechnological processes.

Acknowledgements

The work has been funded by the Sectoral Operational Programme Human
Resources Development 2007-2013 of the Ministry of European Funds through
the Financial Agreement POSDRU/159/1.5/S/134398

REFERENCES

[1]. G.Chirita, M.Chirita, Leather Chemistry, Polytechnic Institute Iasi , Ed. Didactica si
Pedagocica (1987), Pg. 15-23

[2]. G.Zainescu, P.Voicu, R.Constantinescu, E. Barna, Biopolymers From Protein Wastes Used In
Industry And Agriculture Industria Textila (2011), 62(1), Pg. 34-37

[3.]. Alois Orlita, Microbial Biodeterioration Of Leather And Its Control: A Review International
Biodeterioration & Biodegradation, Volume 53, Issue 3, April 2004, Pages 157-163

[4]. A.Rangel Serrano, V.M. Maldonado, K. Kosters, Characterization Of Waste Materials In
Tanneries For Better Ecological Uses, Journal Of The American Leather Chemists
Association, 98, 2003, P43-484

[5]. F.Platon, B.C. Ionescu, M. Popescu, Chemistry And Technology Of Leather. Ed. Tehnica,
Bucuresti, 1966

[6]. P.Thanikaivelan, Jr. Rao, Bu. Nair, T. Ramasami, Progress And Recent Trends In
Biotechnological Methods For Leather Processing. Trends Biotechnol 2004;22:181-8.

[7]. Mariana Ferdes, Microbioloy, Ed. Printech, 2008, pag. 74-77

[8]. J.C. Pommerville, Alcamo’s Fundamentals of Microbiology, Seventh Edition, Jones And
Bartlett Publishers, USA, 2004

[9]. C. Ungureanu, M. Ferdeg, M. Antibacterial and antifungal activity of red rice obtained from
Monascus purpureus, Chemical Engineering Transactions, vol. 20, 2010, pp. 223-228



132 Rodica Constantinescu, Daniela Stefan, Aurelia Meghea, Gabriel Zainescu

[10]. Saurabh Saran, V. Richi, Mahajan Rekha Kaushik, Jasmine Isar, Rajendra K. Saxena,
Enzyme Mediated Beam House Operations Of Leather Industry: A Needed Step Towards
Greener Technology, Volume 54, 1 September 2013, Pages 315-322

[11]. N. Vanitha, S. Rajanand A G. Murugesan, Production Of Alkaline Protease By Pd4 Strain
And Its Application In Leather Process, Production Of Alkaline 2014, 4(3), 545-550

[12]. Matteo Montanari, Valeria Melloni, Flavia Pinzari, Gloria Innocenti, Fungal
Biodeterioration Of Historical Library Materials Stored In Compactus Movable Shelves
International Biodeterioration & Biodegradation, Volume 75, Pages 83-88, November 2012.

[13]. http://en.wikipedia.org/wiki/Penicillium

[14]. A WC. Nierman Pain, MJ Anderson, JR Wortman, HS Kim, J Arroyo, M. Berriman, et al.
Genomic sequence of the pathogenic and allergenic filamentous fungus Aspergillus
fumigatus. Nature 438 : 1151-1156,2005.

[15]. J. Houbraken, J. Varga, E. Rico-Munoz, S. Johnson, RA. Samson , Sexual reproduction as the
cause of heat resistance in the food spoilage fungus Byssochlamys spectabilis (anamorph
Paecilomyces variotii). Applied and Environmental Microbiology 74: 1613—1619,2008.

[16]. Mridula Khandelwal, Sakshi Datta, Jitendra Mehta, Ritu Naruka, Komal Makhijani, Rajesh
Kumar, Subhas Chandra. Isolation, characterization biomass production of Trichoderma
viride using various agro products- A biocontrol agent. / Advances in Applied Science
research. 3(6), 2012, p. 3950-3955

[17]. L Pitt, RA. Samson, JC. Frisvad List of accepted species and their synonyms in the family
Trichocomaceae. In: Integration of modern taxonomic methods for Penicillium and
Aspergillus classification (Samson RA, Pitt JI, eds) Plenum Press, New York: 949,
(2000).

[18]. NC. Bigal, M. Reitzig, W. Naumann, P. Simon, KH. van Pée, A Eychmiiller, Fungal
Templates for Noble-Metal Nanoparticles and Their Application in Catalysis.Angewandte
Chemie International Edition, 47(41):7876-7879 2008.

[19]. Kumar, D., Bhalla, T.C.. Microbial Protease In Peptide Synthesis: Approachesand
Applications. Appl. Microbiol. Biotechnol. 68, 726-736, 2005.

[20]. N. Vanitha, S. Rajanand A G. Murugesan, Production Of Alkaline Protease By Pd4 Strain
And Its Application In Leather Process, Production Of Alkaline, 4(3), 545-550, 2014.

[21]. Nancy George, Prakram Singh Chauhan, Vivek Kumar, Neena Puri, Naveen Gupta
,LApproach To Ecofriendly Leather: Characterization And Application Of An Alkaline
Protease For Chemical Free Dehairing Of Skins And Hides At Pilot Scale, Journal Of
Cleaner Production (2014) 1-9.

[22]. V. Brdtulescu, D. Nicolae — ,, Action of microorganisms on various components of footwear.
Means to combat the destructive action" in proceedings of the 6th Symposium of
biodeterioration and Cooling, Vol.2, P. 445 - 453, Constanta, 1976.

[23]. F.L. Filon, F.D. D’Agostin, M. Crosera, G. Adami, M. Bovenzi, G. Maina, “In vitro
absorption of metal powders through intact and damaged skin” in Toxicology in Vitro no.
23,2009, pp. 570-579.

[24]. C. Arunachalam, K. Saritha, Protease enzyme: an eco-friendly alternative for leather
industry. Ind. Journal. Science Technolgy 12,2009, 29-32.

[25]. Sumita Dixit, Ashish Yadav, Premendra D. Dwivedi, Mukul Das, Toxic hazards of leather
industry and technologies to combat threat: a review, Journal of Cleaner Production 87,
2015, 39-49

[26]. Kolomaznik, M. Adamek, 1. Andel, M. Uhlirova, Leather waste — potential threat to human
health, and a new technology of its treatment,Journal Hazardous Materials 160 , 2008, 514—
520



