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Leather due to the substances it contains is an ideal nutrient source for micro-organisms. Various types of bacterial and
fungal species have been isolated from hides/skins and leather at various stages of the leather manufacturing processes.
Micro-organisms can cause damages or problems as smells, oil leaching, spoiling of the leather and colour irregularities
removal of which is hard or sometimes impossible. In this chapter, microorganism species identified on leather through its
processing and antimicrobial effects of biocide and fungicide or operations applied on leather to prevent them are
presented.
Keywords: Bacteria, Fungi, Leather, Antimicrobial, Microbicide

1. Introduction
Leather, because of the substances it contains, is an ideal nutrient for micro-organisms. It consists of 50% carbon, 25%
oxygen, 7% hydrogen, 17.8% nitrogen and 0.2% minerals. Raw leather consists of 64% water, 30% protein, 3%
carbohydrate, 2% fat, 0.5% minerals and 0.5% other materials [1].
Because of its protein and lipids, leather provides a suitable substrate for many organisms [2]. From the moment it is
removed from the animal or flayed and throughout the various preservation processes in the tannery, the raw leather is
under threat from micro-organisms. In spite of such processes as pickling, vegetable tanning and chrome tanning, which
are intended to prevent damage from micro-organisms, treated leathers, crust and even finished leathers constitute a
source of nutrients for micro-organisms [3, 4].
In the processes before tanning, problems are caused mostly by bacteria, while in tanning and later processes, it is
fungi which cause the most problems. In leathers which have been damaged by micro-organisms, removal of such
problems as smells, oil leaching, spoiling of the leather and colour irregularities is sometimes impossible [3].

2. The microorganism species identified through leather processing
2.1 Bacteria Species Isolated from Skin, Hide and Leather
Raw hides and skins may be contaminated with a variety of microorganisms. Researchers have found that bacteria such
as Staphylococcus aureus, Corynebacterium pyogenes, Escherichia coli and Pseudomonas aureginosa are part of the
normal flora of leather [5, 6]. Various Gram-positives (such as Staphylococcus spp. and Corynebacterium spp.) and
Gram-negatives (such as Micrococcus spp., Proteus spp., Agrobacterium spp. and Shewanella spp.) were isolated from
cattle hides [7]. It was stated that raw hides and soaking baths offer conditions for abundant bacterial growth such as
Bacillus subtilis, E. coli, Proteus vulgaris and P. aeruginosa [8].
Staphylococcus spp., Micrococcus spp., Corynebacterium spp., Bacillus spp., Escherichia coli and Pseudomonas
spp. were the predominant microorganisms isolated from raw hides and skins which were delivered without treatment to
the tannery. Histological examination of the putrefied areas showed that the epidermis became thin without cellular
structure and appeared ribbon-like and detached from the dermis whilst the dermis became loose. The bacterial damage
was clear and had lesions of putrefaction with St. equorum, St. gallinarum, Dermacoccus nishinomiyaenesis,
Gardnerella vaginalis being isolated from putrefied hides and skins for the first time [9].
Curing is carried out by several chemical, biocidal and physical methods. The salt curing system is the most popular
animal skin preservation method adopted globally [10]. The studies below revealed that the salt-pack curing method is
not quite efficient or adequate in preserving the raw skin and hides. It was even recommended to modify the salt-pack
curing method due to its inefficiency to inactivate Gram-positive and Gram-negative bacteria.
It was found that the various bacterial species isolated from fresh calf skins had the ability to withstand a high level
of salt (NaCI) concentrations (1.5-9% w/v). The isolated bacterial species included Bacillus coli, B. megatherium, B.
mycoides, B. proteus, B. subtilis, Staphylococcus albus, S. aureus, Sarcina lutea and Micrococcus roseus. B. subtilis
and B. mycoides was found to have survived in a dormant state at a high salt concentration (20% w/v) [11].
In the salted hides, the pH values of all samples (pH 6-9) and moisture content (49-66%) in 28% of the samples were
found to be appropriate for bacterial growth. Despite the salt-curing of hides, proteolytic and lipolytic mesophilic
bacteria were isolated from the hides in high numbers. Proteolytic and lipolytic extremely halophilic bacteria were
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observed in the most samples of salt and salted hides. It was determined that this hide preservation method was not
adequate to inactivate bacterial activity [12].
Although salt-pack curing is the most widely used method to preserve hides, it was not sufficient to inactivate both
Gram-positive and Gram-negative bacteria. A total of 396 Gram-positive bacteria comprising from 12 different genera
(Aerococcus, Aneurinibacillus, Bacillus, Brevibacillus, Enterococcus, Geobacillus, Kocuira, Lactococcus,
Paenibacillus, Streptococcus, Staphylococcus and Virgibacillus) and 47 bacterial species were isolated and identified
from the hides. The most common Gram-positive genera on the salted hides were Staphylococcus (115 isolates),
Bacillus (111 isolates) and Enterococcus (75 isolates) [13].
A total of 256 Gram-negative bacterial isolates containing 21 different genera (Acinetobacter, Aeromonas,
Alcaligenes, Burkholderia, Citrobacter, Comamonas, Edwardsiella, Enterobacter, Escherichia, Hafnia, Klebsiella,
Mannheimia, Pasteurella, Proteus, Pseudomonas, Salmonella, Serratia, Sphingomonas, Stenotrophomonas, Vibrio and
Yersinia) and 46 different bacterial species were isolated and identified from the salt-pack cured hide samples. The most
common Gram-negative genera on these hides were Enterobacter (66), Pseudomonas (59) and Vibrio (32) [14].
The study revealed that salted sheep skins can be contaminated by preservation salt containing different species of
mostly extremely halophilic archaea. According to comparative partial 16S rRNA gene sequence analysis,
Acinetobacter johnsonii, Alkalibacillus halophilus, A. salilacus, Pseudomonas halophila, Salimicrobium salexigens,
Marinococcus luteus and Staphylococcus equorum subsp. equorum belonging to moderately halophilic bacteria; and
Halorubrum tebenquichense, H. saccharovorum, H. kocurii, H. terrestre, H. lipolyticum, Halococcus dombrowskii, H.
qingdaonensis, H. morrhuae, Halostagnicola larsenii, Haloterrigena saccharevitans, Natrinema pellirubrum, and N.
versiforme belonging to extremely halophilic archaea were isolated from the sheep skins. Hair slip, red and yellow
discolorations, slimy layers and bad odor were detected on the skin samples examined. Therefore, antimicrobial
applications during brine curing of skins suggested to be applied to overcome halophilic microbial damage on the salted
skins [15].
Multidrug-resistant Enterobacteriaceae were common on both salted cattle hide and sheep skin samples. Therefore,
effective antibacterial applications during salt curing of hides and skins in the leather industry were suggested to
eradicate these multidrug-resistant bacteria [16].
If leather is not properly protected from the first stages of processing, proteolytic and lipolytic bacteria and fungi
could damage the leather.
Various bacterial species including proteolytic and nonprotolytic bacteria were isolated from fresh hides before and
after a soaking process. Proteolytic bacteria are thought to be responsible for the putrification of hides/skins [17].
In a study to determine the number of bacteria and fungi in the processes before tanning, Bilgi (2007) reported the
development of aerobic spores along with the total of aerobic mesophyll, proteolytic and lipolytic bacteria. At the same
time it has been shown that proteolytic and lipolytic fungi are also present in tanning bath [18].
Kayalvizhi et al. (2008) isolated various Gram-positive and Gram-negative bacteria from goat and sheep skins. Most
of the identified bacteria (78.7%) were Gram-positive. The isolated bacteria were identified as B. cereus, B. subtilis, B.
megaterium, Lactobacillus casei, L. acidophilus, L.s fermentum, Micrococcus luteus, Neisseria f1avescens, N. sicca,
Proteus mirabilis, Proteus spp. Pseudomonas spp. Staphylococcus luteus, S. aureus, S. epidermis and Streptococcus
faecalis. Besides, it was found that the Gram-positive Bacilli and Cocci with proteolytic activity are responsible for
degradation of goat and sheep skins [19].
Shede et al. (2009) isolated various bacterial species with proteolytic and/or lypolytic activity, such as Acinetobacter
caviae, B. cereus, B. sphaericus, Brevibacterium luteolum, B. otitidis, E. coli, Proteus mirabilis, P. penneri, P. vulgaris,
Myroides odoratimimus, Staphylococcus sciuri, Vagococcus species and Weeksella virosa. It was observed that the
appreciable release of hydroxyproline, tyrosine and free fatty acids was the cumulative effect of bacterial metabolic
activity [20].
The presence of proteolytic and lipolytic mesophilic bacterial populations in high numbers in the main soak liquors
showed that the recommended concentration of the bactericide (0.4 g/l) was not effective to control bacterial
populations. Based on these results, the recommended concentration of the bactericide in the main soaking process was
doubled (0.8 g/l) and it was observed that this concentration was considerably effective in controlling the bacterial
growth. It was recommended to test periodically the dose of commonly used bactericides in main soaking process to
inactivate various bacterial populations [21].
Various types of bacterial and fungal species have previously been isolated from hides/skins and leather at various
stages of the leather manufacturing processes. Beamhouse processes, tanning and post-tanning processes are carried out
in water. Water, humidity and organic material involved in the process of leather manufacture, all favouring the growth
of micro-organisms. Due to different pH values which are predominant during the different steps of leather production
various populations of microbe species are responsible for the trouble [8].
It has been reported that after the chrome tanning, retannage, drying and finishing processes, the number and variety
of bacteria have been observed to decrease, although Bacillus species continued to live commonly in the form of spores,
and that bacterial development was inhibited because the pH was low [22].
A large number of bacteria species have been found to exist on leather at different stages of production and on
finished leather. For instance, such bacterial types as Bacillus, Micrococcus and Staphylococcus have been identified
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not only on salted leathers but also at the liming stage bacteria with spores have generally been identified. Bacteria such
as B. brevis, B. cereus, B. firmus, B. laterosporus, B. licheniformis, B. megaterium, B. pumilis, B. sphaericus, B.
subtilis, S. aureus, S. epidermidis, M. candidus, M. luteus, M. rubens, Kurthia variabilis and P. aureginosa have been
isolated and identified not only from raw leathers but also from leathers at various production stages and even from
finished leathers [23, 24].
Bacteria mainly cause putrefaction the sign of which is bad smell, later on hairslip. This deterioration may result in
considerable loss of substance, loose grain and holes [25]. The causes and control of various types of microbial damage
to hides, skins and leathers are well defined in a study where the microbial biodeterioration of leather before and after
tanning are given in detail [2].
Microorganisms, present on the raw hides and skins are able to degrade protein and consequently the degraded raw
materials may produce inferior quality leather [26, 19]. Therefore, on most occasions the concern related to
microorganisms in the leather industry is the quality of leather production [27]. Depending on the pH, supply of
nutrients and water content micro-organisms can grow and cause damage in several processes or states of the product
[25].
Thus, in the used shoes such organisms as Staphylococcus aureus, S. epidermidis, Streptococcus faecalis,
Micrococcus flavus, Gaffkya tetragena, Sarcina citrea, Aerobacter rectii, Bacillus cereus, B. fusiformis, B. megaterium,
B. pyocyaneus, B. subtilis and B. tumescens were isolated and identified. It was reported that foot infections could be
passed on by shoes [28].
In another study, micro-organisms isolated from leather shoes worn by healthy people and diabetes patients were
compared. The micro-organism species isolated from the shoes worn by the healthy people were E. coli, S. aureus, B.
subtilis, Proteus vulgaria and Candida albicans, while the bacterial species isolated and identified from the leather
shoes worn by the diabetes patients were mostly Bacillus cereus, B. fusiformis, B. subtilis, Stenotrophomonas
maltophilia, Enterobacter hormaechei subsp. oharae, Mycobacterium mucogenicum, Klebsiella sp., and Acinetobacter
sp., and also the yeasts Cryptococcus albidus and Rhodotorula mucilaginosa [29].
13 strains of bacteria were isolated from 12 shoes that were worn by children aged 6 to 12 for more than half a year.
Through morphological observation, physiological and biochemical measurements, as well as 16SrRNA sequence
analysis, the bacteria were identified as follows: Bacillus licheniformis, Bacillus subtilis (5 subspecies), Bacillus spore
(3 subspecies), Bacillus anthracis, Staphylococcus aureus, Bacillus amyloliquefaciens and Bacillus thuringiensis. The
results may contribute to the selection of efficient antimicrobial agents for children's shoes and insole [30].
In another study 13 strains of fungi were isolated from 12 shoes worn by children aged 6 to12 consisting of 5 strains
of yeasts and 8 strains of molds. Through morphological observation and 18SrDNA sequence analysis, the 5 strains of
yeasts were identified as follows: Cryptococcus neoformans, Candida albicans, Cryptococcus albidus, Rhodotorula
mucilaginosa and Candida utilis [31].
Numerous of researches on the microbial contamination of the leather product indicated that the predominant species
of fungi are species of the following genus: Penicillium, Aspergillus, Alternaria, Cladosprium, Trichoderma, Fusarium,
Aureobasidium, Scopullariopsis and actinomycetes of the genus Streptomyces [32].
Microbial destruction of tanned leather is mainly caused by the action of filamentous fungi. Moulds can penetrate
through the entire thickness of the skin, causing the breakdown of fat and other substances. This interferes of the dyeing
process, the effect of which is white blooms. Cover the surface of the skin by mycelium significantly reduces the
aesthetic and functional leather value.
2.2 Fungi Species Isolated from Skin, Hide and Leather
The fat, protein and other materials contained in leather form an ideal nutrient environment for the growth of fungi.
Humidity, pH and temperature levels in places where leather is stored and during production are close to the ideal
values determined for the growth of fungi, and this is a constant problem for the leather industry. One of the most
important factors for the growth of fungi is a sufficiently humid environment.
It is known that humidity levels of 40-60% are enough for fungal development in pickled and chromed leathers,
while 13-25% is enough for finished leathers. During leather production, the stage at which fungal development is most
often observed is when semi-finished leathers are stored after tanning [33].
It is reported that the species of fungus most commonly seen in leather production are from the genus Aspergillus
[34]. While Birbir et al., (1994) listed some fungus types encountered in leather processing as follows: Penicillium,
Absidia, Acremomium, Aspergillus, Basipetospora, Byssochlomys, Chrysonilia, Cladosporium, Emericella,
Eupenicillium, Euratum, Fusarium, Monoscus, Paecilomyces, Mucor, Moniliella, Neosortorya, Phialophora,
Scopulariopsis, Stachobotrys, Trichoderma, Trichosporon and Verticillium [35]. It was stated that primary
biodeteriogens are fungi such as Mucor, Rhizopus and Aspergillus species [36].
An environmental mycological survey was carried out by Nigam (1994) at the liming section of the Tannery and
Footwear Corporation at Kanpur, India. Auhtor isolated and identified 33 fungal species, among which Aspergillus spp.
and Penicillium spp. were the two predominantly isolated fungal species. The other isolated species were Alternaria
spp., Cephalosporium spp., Chaetomium spp., Cladosporium spp., Cunningham ella spp., Curvularia spp., Drechslera
spp., Fusarium spp., Mucor spp., Phoma spp., Rhizopus spp. and Trichoderma spp [37].
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In the tannery, the growth of fungi normally occurs on pickled skins, since fungi are capable of growing at a lower
pH [38, 39]. Growth of fungi also occurred on vegetable tanned, chrome tanned and finished leather. Aspergillus spp.,
Penicillium spp. and Paecilomyces spp. were the most common type of fungi isolated from leather and may be
responsible for the discoloration on the skins or leathers. Aspergillus terreus, A. niger, A. fumigatus, Penicillium
restrictum, P. citrinum, Altemia spp. and Cladosporium spp. were isolated from salted sheep skins [40].
Tannage takes place in an acidic medium. The tanned hides (wet blues) are therefore especially sensitive to the
growth of mould fungi. Different studies determined that moulds as Aspergillus niger, Mucor spp., Paecilomyces spp.,
Penicillium funiculosum, Trichoderma viride, Chaetomium globosum, Aureobasidium pullulans, Rhizopus spp.,
Cladosporium spp., Fusarium spp. and yeasts as Candida albicans, Torula rubra, Saccaromyces cerevisiae,
Rhodotorula spp. may attack leather [8, 23, 25, 35].
Various fungal species such as Penicillium spp., Aspergillus spp., Alternaria spp., Scopulariopsis spp. and
Cladosporium spp. were isolated from 14 tanneries in Istanbul, Turkey. Penicillium spp. was found to be the most
commonly isolated fungal species followed by Aspergillus spp. [41].
Leather without preservation or treated with insufficient of antimicrobial agent to prevent fungal contamination
showed changes in the structure, loss of protein material, a reduction in physical and mechanical properties as well as
the presence of stains that may compromise the quality of the final product [42].
Although the majority of the isolated microbial species are non-harmful and do not cause infections to humans [7,
43], studies also show that some species in the genera Bacillus, Staphylococcus, Pseudomonas, Klebsiella, Aspergillus
and Candida are considered to be pathogens or potential pathogens [43, 44].

3. Antimicrobial materials and treatments utilized in leather processing
Among all the beamhouse processes, the soaking process is the most significant in which bacterial threat to raw material
is high. In order to inhibit the bacterial growth in soaking various bactericides are used. Bactericides need to be
effective in a neutral to weak alkaline medium only for a short period of time (1-2 days). They must not have an adverse
effect on the hide or the activated sludge in effluent treatment plants [25].
Some attempts were performed on the research of the antibacterial effectiveness of different chemicals such as 2Bromo-2-nitropropane-1,3-diol and potassium dimethyl dithiocarbamate against mix population of Gram negative
(Enterobacter cloacae, Vibrio fluvialis and Pseudomonas luteola), Gram positive (Staphylococcus cohnii and
Enterococcus faecium) and Gram positive endospore forming bacteria (Bacillus pumilus) and the test agent were proven
to be fairly effective against the mix population of test bacteria [45, 46].
Researchers have determined that when leathers were soaked in a mixture of 2-Octyl-4-isothiazolin-3-one, the main
ingredient in the commercial biocide known as Kathon biocide, and a solution of glutaraldehyde, it had an antibacterial
effect against S. aureus. When 2-Octyl-4-isothiazolin-3-one was used alone, a 1 cm inhibition zone was formed around
the leather, and when the mixture was used, a strong antibacterial effect was observed against both S. aureus and
colibacillus [47].
As an alternative to these chemical based bactericides which are lethal to bacteria may also be harmful to the
environment and human health, the possible use of ozone - which is used as an antimicrobial agent in various industries
- in the leather industry is investigated. Comparing to the effect of a sodium dimethyl dithiocarbamide based
bactericide, 15 minutes of ozone application has been found to be effective on bacterial growth prevention [48].
As a new attempt, chrome-tanned goatskins were dyed with pigments obtained from various fungi and they observed
to have a greater antibacterial effect against Gram negative bacteria than against Gram positive bacteria. Among
the
pigments used, it was reported that those of M. purpureus (red) and P. purpurogenum (yellow) (6% owf) showed the
greatest percentage reduction in the number of bacteria on the leather [49].
The synergistic effect of a combined electric current treatment using both 1.5 A direct and 2.0 A alternating electric
currents, followed by 1 g/L of bronopol on mixed culture of Gram positive and Gram negative hide bacteria was
examined in a soaking liquid medium. After the electric current treatment the reduction of bacteria was observed and
the damaged bacteria were killed easily by bronopol in 5 hours [50].
In order for finished leather to gain antimicrobial qualities, biocides used in the leather industry are generally applied
during the production process [51]. Various researchers have reported the addition of biocides at different processing
stages such as soaking, pickling, tanning and dyeing in order to protect the leathers from the effects of micro-organisms.
The biocides used till now were mercury salts, mercaptobenzothiazole, DDT (dichloro diphenyl trichloroethane),
HCH (hexachloro cydohexane), chloroacetamide, octylisothiazolinone, quaternary ammonium salts, chlorinated cresols
and derivatives of benzothiazole. The use of the latter substances is said to be increasing due to the prohibition of
pentachlorophenol, e.g., in Germany [52].
There are certain biocides, which can be used for a shorter period preservation. Several biocides were investigated of
which biocides based on bigunanidine hydrochloride and benzothiozole derivatives along with boric acid are found to
be effective. Even though these methods are comparatively less polluting, there are certain limitations such as cost
effectiveness, not being effective for longer duration etc. which make the salt indispensable as curing agent till today
[53].
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Biocides, although killing the microorganisms, may not necessarily inactivate their hydrolytic enzymes [36]. Besides,
the use of some biocides has been forbidden because of the danger they pose to the environment and human health, and
the use of some fungicides has been limited in the production of environmentally friendly leathers [54].
Some fungi metabolize important substances in leather, causing serious damage such as pigmented stain that is
difficult to remove, defects, surface roughness, and loss of physical and mechanical resistance, which affect the quality
of the final product [55].
Annamalai et al. (1997) reported that fungal growth was a general problem in the leather industry; fungi could appear
at different stage in the production process, but they could be controlled by fungicides [56].
Fungicides used in the leather industry can generally be classed under two headings. These are phenolic (CMC (parachloro-meta-cresol), OPP (ortho-phenylphenol) and TCP (2,4,6-trichlorophenol)) and heterocyclic (TCMTB (2Thiocyanatemethylthiobenzothiazol), OITZ (2-n-octylisothiazoline-3-one), BMC (2-benzimidazolylmethylcarbamate)
and DIMTS (diiodomethyltolyl-sulphone)) compounds. TCMTB based fungicides, organic materials which have been
developed over time to protect leathers from fungal damage, today are widely used in the leather industry as wide
spectrum antifungal agents, and are employed in the pickling, tanning and crust leather processes.
The fungicides (TCMTB, CMC/oPP (o-Phenylphenol), OITZ) used in the form of their commercial product were
investigated and found to be fundamentally suitable for several months preservation of wet blue. The OITZ containing
product provided the greatest level of protection of leather [57].
The anti-fungal effects against three different species of fungus on calf leather with 2-amino-6-benzothiazole
exchanged for a methoxy group in the form of sulphonic acid was investigated. It was found that a 0.5% benzothiazole
based fungicide was enough to protect the leathers from the fungi Penicillium aurantiogriseum and Scopulariopsis
brevicaulis, but that the level of fungicide of 0.5-1% used against the species A. niger in the study was insufficient and
there was a risk of contamination after seven days [58].
Researchers in another study tested the anti-fungal effects of four different TCMTB based fungicides with methyl,
methoxy, chloride and nitro groups in place of the anionic sulphonic group on wet-blue calf leathers against the fungi A.
niger and T. viride, and found that the four fungicides examined were effective only against A. niger [59].
In other study the antifungal activity of diiodometil p-tolylsulfone (DIMPTS) and 3-Iodo-2-propynyl butylcarbamate
(IPBCT) were compared with conventional fungicides. The greater antifungal capacity of two of the alternative
fungicides, DIMPTS and IPBC applied to different processes confirms and ensure the possibility of use them in the
leather sector [60].
Recent findings show that TCMTB has negative effects on the environment and human health, and therefore
researchers and biocide producers are continuing their work to find more reliable and environmentally friendly
fungicides [61].
The need has arisen to re-evaluate the usage rates and conditions of TCMTB based fungicides, to determine the
amounts at various production stages and of the finished product using different analysis methods, and thereby to bring
them under control.
The amounts of TCMTB in wet-blue sheepskins and their floats treated with five different TCMTB based fungicides
sold under different trade names were evaluated using UV spectrophotometry and HPLC analysis methods, and the
concentrations of TCMTB in the treated leathers and commercial products were determined. At the same time, the
antifungal effect of the amounts of residue was tested against A. niger, one of the commonest species of fungi found on
leather, according to the tropical chamber and the method ASTM D4576 [62].
The performance of five microbicides conventionally used in the leather industry, against different fungi was
evaluated. Microbicides were applied during the tanning process with vegetable tannin in the fatliquoring step.
Accelerated microbiological tests (plating and tropical chamber) were performed. The results revealed a low antifungal
capacity of selected microbicides when applied at an offer of 0.2% (mass hide base) fungicides. Treatment with
OIT+BMC/water at an offer of 0.75% showed satisfactory fungal protection against different fungi tested and proved to
be the most suitable for the preservation of vegetable tanned leather [54].

4. Conclusion
Various types of bacterial and fungal species have been isolated from hides/skins and leather at various stages of the
leather manufacturing processes. Micro-organisms can cause damages or problems as smells, oil leaching, spoiling of
the leather and colour irregularities removal of which is hard or sometimes impossible. It is not less important to
determine which species is causing damage and to select and use the specific type of biocide which will inhibit that
particular species.
A wide variety of antimicrobial agents can be used to prevent microbial activities in leather making, but many of
these have an adverse effect on the environment, and these agents are also the most expensive among the many
chemicals employed. Most fungicides used in the leather industry today are dangerous and bad for the environment as
well. Therefore, it is important to reveal naturally based compounds with antimicrobial activity which can be used in the
leather industry.

424

_____________________________________________________________________________
Antimicrobial research: Novel bioknowledge and educational programs (A. Méndez-Vilas, Ed.)

References
[1] Harmancıoğlu M, Dikmelik Y. Ham deri. Özen Ofset. Izmir, Turkey 1993; 343. (in Turkish)
[2] Orlita A. Microbial biodeterioration of leather and its control: A review. International Biodeterioration and Biodegradation.
2004; 53:157-163.
[3] Sarı Ö, Turhan G, Bayramoğlu EE. Tabakhanelerde Ortam Dezenfeksiyonunun Önemi Üzerine Bir Araştırma. Ege Üniv. Ziraat
Fak. Derg. 2003; 40(2):129-136. (in Turkish)
[4] Bayramoğlu EE. Deri İşlentisinde Bazı Esansiyel Yağların Fungisid Olarak Kullanım Özelliklerin Araştırılması. Doktora Tezi.
Ege Üniversitesi Fen Bilimleri Enstitüsü. 2004; 134. (in Turkish).
[5] Rawlings DE, Cooper DR. Enumeration of Bacterial Population in Fellmongery and Tannery Effluent. Journal of the Society of
Leather Technologists and Chemists. 1975; 59(5):134-142.
[6] Strzelczyk AB, Kuroczkin J, Krumbein WE. Studies on the microbial degradation of ancient leather bookbindings. Part
2. International Biodeterioration. 1989; 25(1):39-48.
[7] Hanlin MB, Field RA, Ray B, Bailey DG. Characterization of Predominant Bacteria in Cattle Hides and their Control by a
Bacteriocin. Journal of the American Leather Chemists Association. 90(10):282-321, 1995.
[8] Paulus W. Microbicides for the protection of materials: a handbook. Springer Science and Business Media. UK. 1993; 496.
[9] Hamdin AAM, van Klink E, El-Hassan SM. Damage caused by spoilage bacteria to the structure of cattle hides and sheep skins.
International Journal of Animal Health and Livestock Production Research. 2016; 2(1):39-56.
[10] Kanagaraj J, John Sundar V, Muralidharan C, Sadulla S. Alternatives to sodium chloride in prevention of skin protein
degradation a case study. Journal of Cleaner Production. 2005; 13:825-831.
[11] Anderson H. The Adaptation of Various Bacteria to Growth in the Presence of Sodium Chloride. Journal of the Society of
Leather Technologists and Chemists. 1945; 24:215-217.
[12] Berber D, Birbir M. Examination of Bacterial Populations in Salt, Salted Hides, Soaked Hides and Soak Liquors. Journal of
American Leather Chemists Association. 2010; 105(10):320-326.
[13] Aslan E, Birbir M. Examination of Gram-positive Bacteria on Salt-pack Cured Hides. Journal of American Leather Chemists
Association. 2011; 106(12):372-380.
[14] Aslan E, Birbir M. Examination of Gram-negative Bacteria on Salt-pack Cured Hides. Journal of American Leather Chemists
Association. 2012; 107(4):106-115.
[15] Akpolat C, Ventosa A, Birbir M, Sanchez-Porro C, Caglayan P. Molecular Identification of Moderately Halophilic Bacteria and
Extremely Halophilic Archaea Isolated from Salted Sheep Skins Containing Red and Yellow Discolorations. Journal of
American Leather Chemists Association. 2015; 110(7): 211-226.
[16] Birbir M, Ulusoy K, Caglayan P. Examination of Multidrug-resistant Enterobacteriaceae Isolated from Salted Cattle Hides and
Sheep Skins. Journal of American Leather Chemists Association. 2016; 111(9):334-344.
[17] Oppong D, Bryant SD, Rangarajan R, Steele S. Application of Molecular Techniques to Identify Bacterial Isolated from the
Leather Industry. Journal of the American Leather Chemists Association. 2006; 101(4):140-145.
[18] Bilgi ST. Tabaklama Öncesi İşlemlerde Bakteri ve Fungus Sayısının Belirlenmesi Üzerine Bir Araştırma. Yüksek Lisans Tezi,
Çanakkale Onsekiz Mart Üniversitesi Fen Bilimleri Enstitüsü. 2007; 80. (in Turkish).
[19] Kayalvizhi N, Anthony T, Gunasekaran P. Characterization of Predominant Bacteria in Cattle Hides and their Control by a
Bacteriocin. Journal of the American Leather Chemists Association. 2008; 103(6): 182-187.
[20] Shede PN, Kanekar PP, Polkade AV, Sarnaik SS, Dhakephalkar PK, Chiplonkar SA, Nilegaonkar SS. Effect of microbial
activities on stored raw buffalo hide. Journal of Environmental Biology. 2009; 30(6):983-988.
[21] Berber D, Birbir M, Hacioglu H. Efficacy Assessment of Bactericide Containing Didecyldimethylammonium Chloride on
Bacteria Found in Soak Liquor at Different Exposure Times. Journal of American Leather Chemists Association. 2010;
105(11):354-359.
[22] Birbir M. Deri endüstrisinde kullanılan işlenmiş ve işlenmemiş sığır derilerinde derinin kalitesine etki eden mikroorganizmaların
izolasyonu ve identifikasyonu. Doktora Tezi. Marmara Universitesi Fen Bilimleri Enstitüsü. 1991; 112. (in Turkish).
[23] Rother HJ. Micro-organisms: The scourge of the leather industry. World Leather. May, 1995; 48-50.
[24] Birbir M, Ilgaz A. Isolation and Identification of Bacteria Adversely Affecting Hide and Leather Quality. Journal of the Society
of Leather Technologists and Chemists. 1996; 80(5):147-153.
[25] Hauber C. Microbicide applications in the leather industry. Eds. Wilfried Paulus, Kluwer Academic Publishers. Netherlands.
2004; 317-324.
[26] Heidemann E. Fundamentals of Leather Manufacturing. Darmstadt, Roetherdruck. 1993.
[27] Lama A, Bates M, Covington A, Allen S, Antunes A. Methods of isolation and identification of pathogenic and potential
pathogenic bacteria from skins and tannery effluents. Journal of American Leather Chemists Association. 2013; 108(2):48-62.
[28] Green HS. Report on the Microbiological Flora and Sterilization of Used Shoes. Journal of American Leather Chemists
Association. 1945; 11(3):96-109.
[29] Changqing Z, Haibin G, Yi C, Rongqing Z, Jun H, Wuyong C. Isolation and identification of bacteria and yeast in leather shoes
worn by diabetics. Journal of the Society of Leather Technologists and Chemists. 2010; 93(5):197-200.
[30] Li H, Zhou J, Shi R, Chen W.Y. Isolation, purification and identification of bacteria from the shoes worn by children. African
Journal of Biotechnology. 2011a; 10(20):4133-4137.
[31] Li H, Zhou J, Shi R, Chen W.Y. Identification of fungi from children's shoes and application of a novel antimicrobial agent on
shoe insole. African Journal of Biotechnology. 2011b;10(65):14493-14497.
[32] Laczkovska M, Konka-Kozioł W. Substances for Leather Protection Against Microorganisms - Effectiveness, Methods of
Application and Microbiological Analysis. 2nd International Conference - Science for Business: Innovations for Textiles,
Polymers and Leather. Łódź, Poland. 2016.
[33] Öztürk R. Antiseptik ve Dezenfektan Maddeler Karşı Direnç Sorunu. Sterilizasyon Dezenfeksiyon ve Hastane İnfeksiyonları.
Simad Yayınları. 2004; 1:41-60.

425

_____________________________________________________________________________
Antimicrobial research: Novel bioknowledge and educational programs (A. Méndez-Vilas, Ed.)

[34] Tancous JJ, Roddy WT, O`Flaherty F. Skin, Hide and Leather Defects. USA, 1986; 363.
[35] Birbir M, Özyaral O, Johansson C, Ilgaz A. Mold Strains Isolated From Unfinished and Finished Leather Goods and
Shoes. Journal of American Leather Chemists Association. 1994; 89(1):1-34.
[36] Waites MJ, Morgan NL, Rockey JS, Higton G. Industrial Microbiology: An Introduction. Blackwell Science Ltd. UK. 2001;287.
[37] Nigam RK. Environmental Mycology of Tannery Unit (TEFCO-Lime Section) at Kanpur-Allergical Aspects. 5th AerobiologyInternational Conference, Bangalore. 1994.
[38] Maier RM, Pepper IL, Gerba CP. Environmental Microbiology. Academic press. London. 2000.
[39] Rangarajan R, Didato DT. Measurement of Bacterial Population in Typical Tannery Soak Solutions by Traditional and New
Approaches. Journal of the American Leather Chemists Association. 2003; 98(12):477-485.
[40] Bitlisli BO, Karavana HA, Basaran B, Sari O, Yasa I, Birbir M. The Effect of Conservation Defects on the Suede Quality of
Double-Face. Journal of the American Leather Chemists Association. 2004; 99(12):494-501.
[41] Ozdilli K, Işsever H, Özyıldırım BA, Hapeloğlu B, Ince N, Ince H, Yeğenoğlu Y, Susever S, Erelel M, Işik E, Gedikoitlu G.
Biological Hazards in Tannery Workers. Indoor and Built Environment. 2007; 16(4):349-357.
[42] Fontoura JT, Gutterres M. Damage of pickled hides, wet-blue leather and vegetable tanned leather due to biodeterioration.
Journal of American Leather Chemists Association. 2015; 110(5):138-144.
[43] Wilson J. Clinical Microbiology, an Introduction for Healthcare Professionals. Edinburgh, Bailliere Tindall. 2005.
[44] Lama A. The impact of the leather manufacturing process on bacterial growth. Doctoral thesis. The University of Northampton,
UK. 2010.
[45] Birbir M, Çağlayan P, Dilek N. Determination of Antibacterial Effectiveness of 2-Bromo-2-Ntropropane-1,3-Diol against Mix
Population of Bacteria Isolated from the Salt-Pack Cured Hides. XXXII. Congress of IULTCS. May 29th - 31st 2013. Istanbul,
TURKEY. 2013a.
[46] Birbir M, Dilek N, Çağlayan P. Examination of Antibacterial Effectiveness of Potassium Dimethyl-Dithiocarbamate against Mix
Population of Bacteria Isolated from the Salt-Pack Cured Hides. XXXII. Congress of IULTCS. May 29th - 31st 2013. Istanbul,
TURKEY. 2013b.
[47] Xie J, Jiang XQ, Ye YY, Teng HK, Wang B, Zhao F, Hu Z.W. Preparation and Antibacterial Activity of One Novel Leather
Material. Advanced Materials Research. 2014; 886:337-340.
[48] Mutlu MM, Cadirci BH, Ozgunay H., Adiguzel AC, Sari O. Ozone As a Biocide in Soaking. Journal of the Society of Leather
Technologists and Chemists. 2009; 93(1):18-20.
[49] Velmurugan P, Chae JC, Lakshmanaperumalsamy P, Yun BS, Lee KJ, Oh BT. Assessment of the dyeing properties of pigments
from five fungi and anti-bacterial activity of dyed cotton fabric and leather. Color. Technol. 2009; 125:334-341.
[50] Birbir Y, Dilek N, Birbir M, Çağlayan P. Synergistic effect of direct and alternating electric current treatments and bronopol to
inactivate bacteria found in hide soak liquors. Journal of American Leather Chemists Association. 2013; 108:373-385.
[51] Stockam G, Didato DT, Hurlow E. Antibiotics in hide preservation and bacterial control. Journal of the American Leather
Chemists Association. 2007; 102(2):62-67.
[52] Geier J. Leather and Shoes. Chapter 80 in: Handbook of Occupational Dermatology (Eds.), Springer-Verlag Berlin Heidelberg.
2000; 637-643.
[53] Ramasami T, Sreeram KJ, Gayatri R. Emerging leather processing strategies for waste minimisation. in Unit 1. Background
Information and Cleaner Technologies in Raw Material Preservation and in the Beamhouse Processes, UNIDO. 1998; 183-197.
[54] TFL Eco Guidelines, Restricted substances in leather. Available at: http://www.tfl.com (Accessed February 2013). 2013.
[55] Fontoura JT, Ody D, Gutteres M. Performance of Microbicides for the Preservation of Vegetable Tanned Leather. Journal of
American Leather Chemists Association. 2016; 111(7):259-266.
[56] Annamalai T, Rajkumar GA, Arunasri N, Paramasivan PTR. Syntheses and Fungicidal Evaluation of Compounds Analogous
to 1,3-Oxazine. Journal of the Society of Leather Technologists and Chemists. 1997; 81: 201-203.
[57] Hauber C, Germann HP. The addition of fungicides in chrome tannage and their Penetration, absorption and distribution in the
wet blue. World Leather. 1997; 10,5(3):75-82.
[58] Tarlea MM, Mutlu MM, Radulescu CH, Adıgüzel Zengin AC, Bitlisli BO, Başaran B, Yaşa I. 2-Amino-6-Benzothiazole
Substituted With Methoxy in the Form of Sulphonic Acids, Used as Antifungal Product for the Preservation of Wet-Blue
Bovine Hides. International Union of Leather Technologists and Chemists Societies IULTCS XXX. Congress. Beijing,
China. 2009a.
[59] Tarlea MM, Mutlu MM, Macovescu G, Radulescu CH, Adıgüzel Zengin AC, Bitlisli BO, Başaran B. Antifungal Compounds for
Leather Part II. Testing of Antifungal Activity on Bovine Leathers. Leather and Footwear Journal. 2009b; 9-4.
[60] Cuadros S, Manresa MÀ, Font J, Bautista ME, Puig R, Marsal A. Alternative Fungicides for the Leather Industry: Application
in Various Processes. Journal of the Society of Leather Technologists and Chemists. 2012; 96(6):225-233.
[61] Dalton DL. 2008. New generation fungicide for the leather industry. http://www.leathermag.com (Available: 17.02.2012).
[62] Polatdemir CE. Deri Üretiminde TCMTB Esaslı Fungusidlerin Etken Madde ve Deride Kalıntı Miktarlarının Mukayeseli Olarak
Araştırılması. Yüksek Lisans Tezi. Ege Universitesi Fen Bilimleri Enstitüsü. Bornova, Izmir. 2010; 59. (in Turkish).

426

