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The leather industry produces a relatively high amount of hard degradable waste, with a negative
impact on the environment. This waste usually contains two major categories of residues, namely
animal fat and residues containing mostly proteins, suitable for biogas conversion. Obtaining
biogas from leather waste by co-digestion with vegetable waste can be a sustainable and eco-
friendly alternative to conventional energy from fuels. Anaerobic co-digestion is now considered
to reduce waste from various sources and turn it into energy, generating in addition a digestate
used as fertilizer in agriculture. This waste is relatively resistant to transformation into an easily
fermentable substrate for anaerobic digestion to produce biogas. Thus, the methane yield can be
significantly improved by biological treatments with enzymes and enzyme complexes, with
microorganisms selected and used as inoculum or by mixed methods, which include other physical
or chemical treatments. This paper aims to show the main methods of biological treatment of
leather industry waste, in order to increase the yield of biogas by co-digestion with plant materials.
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INTRODUCTION

The global reduction of conventional energy resources, as well as restrictive
legislation on the level of environmental pollution, have created premises for the
identification and exploitation of new energy sources, economic and non-polluting.

The anaerobic fermentation process is considered to be a key technology for the
sustainable use of biomass consisting of the organic fraction of industrial waste, municipal
solid waste, animal manure, plant debris, aquatic biomass, but also energy crops suitable
for this process (Nallathambi Gunaseelan, 1997). Recently, the anaerobic fermentation
process has gained special attention due to environmental protection by reducing
greenhouse gas emissions, and generation of biogas, a promising source of renewable
energy. The benefits of anaerobic fermentation technology are also reflected in the
stability and agronomic quality of the fertilizer obtained. This method of treatment is in
accordance with the provisions of the European Union, which involve the reduction and
recovery of waste, as well as the promotion of clean technologies (Scano et al., 2014).

Anaerobic fermentation is a process of decomposition of the organic substrate in the
presence of several species of bacteria, under controlled environmental conditions, in
the absence of oxygen (Chen and Neibling, 2014; Zupancic and Grlic, 2012).

The composition of the biogas resulting from the anaerobic fermentation process
varies depending on the raw material used, but also on the fermentation conditions. In
general, biogas consists of two main components, methane (CH4) and carbon dioxide
(COy), along with small amounts of hydrogen (H»), hydrogen sulfide (H.S), nitrogen
(N2), ammonia (NHs3), oxygen (O,) and water vapor (Valenti et al., 2016).

Phases of the Anaerobic Fermentation Process

Biogas production by anaerobic fermentation is a complex process consisting of 4
phases, which are the following: hydrolysis, acidogenesis, acetogenesis and
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methanogenesis, produced under the action of several species of bacteria (Gould, 2014;
Khalid et al., 2011).

Bacteria degrade the substrate through enzymes that are macromolecules of protein
origin, acting as biocatalysts, with the help of which living cells can produce complex
reactions in a short time. By catalyzing biochemical reactions, they play a key role in
the biosynthesis and degradation of living matter, occurring in all animal, plant and
microorganisms. Bacterial enzymes are exo or endo enzymes that greatly accelerate the
rate of biochemical reactions (Gerardi, 2003).

Hydrolysis

In the first stage, the hydrolysis, fermentative bacteria transform insoluble organic
matter into sugars, amino acids and fatty acids. At this stage, microorganisms such as
Clostridium, Micrococcus, Bacteroides, Butyrivibrio, Fusobacterium, Selenomonas and
Streptococcus act (Cirne et al., 2007) and produce hydrolysis enzymes involved in the
degradation of substrate.

Protein Hydrolysis

Proteins are polymers of amino acids, joined by peptide bonds, whose hydrolysis is
mediated by extracellular proteases that give rise to polypeptides and free amino acids
(Karlsson et al., 2014). During the hydrolysis step of anaerobic digestion, proteins are
first converted to individual amino acids or peptides with short amino acid chains.
During the fermentation stage, the breakdown of amino acids takes place, and the amino
groups are released as ammonia (NHs3) or ammonium (NH4 *) (Schnirer and Jarvis,
2010). During the protein degradation period, ammonia (NHs) is released into the liquid
part of the substrate in the fermenter, and can inhibit the fermentation process.

Organic waste contains proteins and fats, which are rich in energy and produce a
relatively large amount of methane in biogas. Substrates with high protein and fat
content, generally come from the leather and food industries, being useful in biogas
production because they have high methanogenic potential (up to 500-600 I / kg volatile
solids) (Hejnfelt and Angelidaki, 2009).

The main materials from the leather industry are characterized by a high content of
proteins and lipids, derived from leather processing.

The leather-making process generates substantial quantities of solid waste before
and after the tanning stage, which are a potential source in the anaerobic digestion of
biogas process (Agustini et al., 2018). The main solid residues are hide and leather
shavings (Piccin et al., 2016) and sludge from wastewater treatment plants (Mella et al.,
2016). Some important characteristics of these residues include the high organic load
and the difficulty of degradation of recalcitrant and poorly biodegradable compounds
(Mannucci et al., 2010).

The inhibition of the bioprocess of wastewaters treatment in the wastewater
treatment plants, due to the presence of chromium has been demonstrated for
concentrations of 140 mg/L, which cause a 50% reduction of bacterial activity. The
other tanning agent class, which is popularly used, is based on vegetable tannins, which
are extracted from plants. (Kalyanaraman et al., 2015). The toxicity of tannins can be
associated with several mechanisms such as enzyme inhibition, substrate deprivation
and loss of metal ions (Bhoite and Murthy, 2015).
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Hydrolysis of Fats

The lipids represented by fats, oils and / or greases are mainly glycerol esters with
three long-chain fatty acids, which form triglycerides. Lipids are part of various waste
streams: leather and food industry, domestic sewage, industrial effluents, food
processing, wool washing, food oil manufacturing (Karlsson et al., 2014).

In general, fats consist of glycerol and various fatty acids released by
biodegradation. The enzymes that break down fats are the lipases, which are produced
by aerobic or facultative aerobic microorganisms.

Acidogenesis

Acidogenesis is the fastest stage in the process of anaerobic conversion of complex
organic matter, being also called the stage of acid fermentation. The monomers resulting
from the hydrolysis phase are degraded by various anaerobic and optionally anaerobic
bacteria into organic acids (acetic, propionic and butyric acid), volatile fatty acids,
alcohols, hydrogen (H.), carbon dioxide (CO2) and ammonia (Kalyuzhnyi et al., 2000).

Acetogenesis

In the third phase, acetogenic bacteria convert volatile fatty acids and alcohols into
hydrogen (H-), carbon dioxide (CO;) and acetic acid, which is the substrate for the last
stage of the process, methanogenesis (Yi et al., 2014).

Methanogenesis

In the last phase of the anaerobic fermentation process, methanogenesis, are
involved the methanogenic bacteria, which are very sensitive to changes in
environmental factors, such as pH and temperature. Under these conditions,
methanogenic bacteria are considered to be the factor that limits the rate of the
anaerobic fermentation process (Chen et al., 2008). During this stage, the micro-
organisms convert the hydrogen and acetic acid previously formed into methane (CHa)
and carbon dioxide (COy).

Obtaining biogas from leather waste by co-digestion with vegetable waste can be a
sustainable and eco-friendly alternative to conventional energy from fuels. Anaerobic
co-digestion is now considered to reduce waste from various sources and turn it into
energy, generating in addition a digestate used as fertilizer in agriculture.

Microbial Proteases

Microbial proteases are synthesized from the exponential growth phase and are primary
metabolites of major importance for the metabolic functions of the cell. Both bacteria and
fungi can produce proteases, depending on the species and environmental conditions.

Keratinolytic protease is a new generation of proteolytic enzymes with the ability to
degrade recalcitrant keratin proteins like leather, feathers, horn, hooves, nails, hairs etc
as well as potentially de- grade normal proteins (Brandelli, 2008). These keratinous
wastes are difficult to degrade due to the dense polypeptide tightly packed by several
hydrogen bonds and hydrophaobic interactions. In addition,s trong disulfide cross-linking
of protein chains confers high mechanical stability and resistance to proteolytic
degradation of keratins by common proteases (figure 1) (Parry and North, 1998;
Kreplak et al., 2004). Their unique property to degrade tough rigid protein structure has
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made them attractive biocatalysts in industrial areas dealing with those substrates like
dehairing of skins and hides, detergent additives (Gupta and Ramnani, 2006). However,
many researchers found that not only is keratinase a superior enzyme among those of
the protease world but also the fermented feathers hydrolysate produced by keratinase
gives a rich low cost substrate for biogas production and has an important potentiality to
economic important plants (Gurav and Jadhav, 2013; Paul et al., 2013). A recent study
found that fermented chicken feathers hydrolysate by Paenibacillus woosongensis
TKB2 is a potential anti Staphylococcus agent (Paul et al., 2015).
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Figure 1. Mode of action of keratinolytic protease enzyme (Paul et al., 2016)
The characteristics of some bacterial proteases are shown in Table 1.

Table 1. Bacterial proteases (Paul et al., 2016)

Microorganism Optimum Optimum Type
pH temperature, °C

Bacillus sp. strain 221 - - -

Bacillus sp. strain DZ100 125 85 Serine Protease
Serratia marcescens P3 6.5 40-45 Metalloprotease
Chryseobacterium gleum 8 30 Metalloprotease
Bacillus sp. P7 9 55 Serine Protease
Streptomyces sp. strain AB1 115 75 Serine Protease
Bacillus subtilis strain RM-01 9 45 Serine Protease
Bacillus licheniformis ER-15 11 70 Serine Protease
Bacillus pumilus ZED17 8 40 -

Bacillus mojavensis A21 8-11 60 Serine Protease
Pseudomonas aeruginosa C11 7.5 50 Metalloprotease

An important feature of waste from the textile industry is the presence of various
toxic components for microorganisms, which can inhibit both the multiplication of
microbial cells and the entire process of anaerobic digestion.

The main form of solid tanned waste, constituting about 10% of the total weight of
raw materials processed, is chromium and protein in the form of “chrome shavings”
(CRS), which are small, thin pieces of leather generated during the hide shaving
operation and represent high value protein-based waste (Pillai and Archana, 2012; John
Sundar et al., 2011) Enzymatic treatment of CRS has been used to recover chromium
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and protein from CRS. Alkaline proteases like alcalase and combination of trypsin and
esterase are used in the preparation of soluble collagen hydrolysate from CRS called
chrome cake (Kupec et al., 2002).

Microbial growth on CRS necessitates the capacity of the strain to grow in highly
concentrated chromium containing environment (Thacker et al., 2006). Some research
(Katsifas et al., 2004) reported a chromium tolerant strain of Aspergillus carbonarius
that degrades CRS in solid state fermentation process and they propose it as a useful
tool in the tanning industries for the management of CRS and recovery of valuable Cr.

In other studies, the use of the keratinolytic isolate Bacillus subtilis P13 which is able
to grow in alkali-free CRS, offers a promising prospect for the biodegradation of CRS
along with recovery of chromium from the liquefied waste and additionally generates a
valuable byproduct that can be used in biogas production (Pillai and Archana, 2012).

CONCLUSION

The leather-making process generates substantial quantities of solid waste before
and after the tanning stage, which are a potential source of substrate for biogas
production, in the co-digestion process.

The main solid residues are hide and leather shavings and sludge from wastewater
treatment plants. Some important characteristics of these residues include the high organic
load and the difficulty of degradation of recalcitrant and poorly biodegradable compounds.

The most important in the biological treatment are enzyme-producing
microorganisms, able to synthesize proteases and lipases.

The methane yield can be significantly improved by biological treatments with
enzymes and enzyme complexes, with microorganisms selected and used as inoculum
or by mixed methods, which include other physical or chemical treatments.
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