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SUMMARY

In this research, the effects of microorganisms on suede quality of double-face leather were examined. The bacterial numbers
on salted sheepskin samples were found as 1.8x106-4.3x107 cfu/g on solid medium and 1.9x106-4.7x107 cfu/g on halophile
medium containing 10-30% NaCl. However it was found that salted sheepskins contained 4.4x101-2.0x104 cfu/g of fungi. While
53-74% of halophilic bacteria and 39-58% of fungi showed proteolytic activity, 47-62% of halophilic bacteria and 35-54% of fungi
showed lipolytic activity. It was observed that defective light stained areas on suede surface of finished double- face leathers
were caused by microorganisms on salted sheepskins and that these defects correspond to 35% of the total double-face leathers
amount. Consequently, it was decided that the proteolytic and lipolytic activities of microorganisms on the flesh side of the
sheepskins decreased the suede quality and caused economical losses.
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OZET

Bu arastirmada klrk-sdetlerin stiet kalitesi (zerine mikroorganizmalarin etkisi incelenmistir. Tuzla konservelenmis koyun
derisi rneklerinin bakteri sayisi kati ortamda 1.8x106-4.3x107 cfu/g olarak ve %10-30 NaCl iceren halofil ortamda 1.9x106-
4.7x107 cfu/g olarak bulunmustur. Tuzlu koyun derilerinin 4.4x101-2.0x104 cfu/g sayida fungus icerdigi belirlenmistir.
Halofilik bakterilerin % 53-74' (i ve funguslarin %39-58' i proteolitik aktivite gdsterirken, halofilik bakterilerin %47-62' si ve
funguslarin %35-54' (i lipolitik aktivite gbstermistir. Klrk-stetlerin sdet tarafindaki agik renkli kusurlu kisimlarin
mikroorganizmalardan kaynaklandigi ve toplam kiirk-sdetlerin % 35" inde bu kusurlarin bulundugu gézlemlenmistir. Sonug
olarak; koyun derilerinin et kisimlarindaki mikroorganizmalarin proteolitik ve lipolitik aktivitelerinin siet kalitesini disdrdigi
ve bunun ekonomik kayiplara neden oldugu ortaya konulmustur
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Introduction

The term double-face is used to describe all skins where
the fur or wool is used for garments or footwear, the flesh
side being presented either as a suede nap or finished .
In double-face production, the flesh side quality of raw skins,
besides the wool side, has great importance. Therefore, the
selection of skins for double-face production is extremely
significant '. The flesh side of the skin should not have any
defects to obtain a perfect suede effect. Conservation defects
on skins decrease the quality of the suede and may cause
serious economical losses. Conservation defects were
generally considered as hair slips by tanners but the
microorganisms on the skins might have caused damages
on the flesh side, although hair slip is not observed.

Skin providers use auxiliary chemical substances such
as boric acid besides salt in conservation process 2. Biocide
utilization is sometimes not preferred due to its high price.
Skins used in international trade may have to be stored for
a long time under unsuitable conditions during transporta-
tion or in tannery stores. Damages dependent on micro-
organism activities may occur on hides and skins that are
exposed to unsuitable conditions. These damages on hides
and skins may cause uneven dyeing in leathers * *.

Highly saline conditions in a local habitat exert a strong
selective pressure on the biota, favoring the development
of halotolerant and halophilic microorganisms > ¢. These
microorganisms can also survive in a brine solution and
even in a properly "cured" hide . When halophilic bacteria
grow on hide, they excrete hydrolytic enzymes onto the
surface of the hide. Then, their extracellular proteolytic
enzymes are capable of attacking and degrading the
proteinous material of hides and skins ’. The majority of
halophilic bacteria and molds isolated from salted hides and
skins have lipolytic and proteolytic enzymes " 8.

Fungi are also important microorganisms in leather in-
dustry. Fungi reproduce by forming vegetative and generative
spores under suitable environmental conditions in the tannery.
Spores and vegetative mycelia are easily transferred by air
and physical contact during the processing of leather. Fungi
proliferate especially on pickled, vegetable-tanned, chrome-
tanned hides and skins and finished leathers. However, raw
hides and skins are also a natural substrate for many species
of fungi as well as bacteria ®. Mold growth may cause
discolorations on the surface of pickled, vegetable-tanned,
chrome-tanned hides and skins and finished leathers. Some

mold discolorations can be removed by washing, but others
cause undesirable changes in the phys-ical and chemical
properties, rendering the leather unfit for commercial pur-
poses. Previous studies showed that fungal growth on leather
and leather products greatly devalues their quality °.

Reports on fungi from extremely hypersaline environ-
ments are very few. However, lack of representation in lite-
rature may not reflect the inability of fungi to colonize these
extreme environments, but rather the little effort that has
been invested to find them '°. In addition to this, the important
role of fungi in the degradation of organic materials in hyper-
saline environments as salted skins, hides, salt lake and
the marine ecosystem have been paid little attention '".

In the present study, some chemical properties of salted
sheepskins imported for double-face production were
analyzed, and the number of halotolerant bacteria, halophilic
bacteria, fungi and the percentage of lipolytic and proteolytic
microorganisms on the skins were enumerated. Furthermore,
the effects of microorganisms on the suede quality of finished
double-face leathers were examined.

Material and Methods
Material
Raw Sheepskins and Double-Face Leathers

In this study, 5300 pieces of drum salted sheepskins
imported for double-face production by a tannery located in
Denizli, Aegean Region of Turkey, and 3000 pieces of
double-face leathers obtained by processing these skins
were examined. The skins were processed in three different
parties of 1000 pieces each and they were all dyed in brown.
Sample amounts that would represent the parties were
calculated according to sampling formula (Eqn.1) '2.

n=0.2 ﬁ (1)

where n = sample amount,
X = greatness of the party

Isolation Media
Halophile medium and modified nutrient agar containing
0%, 10%, 17%, 25% and 30% (w/v) were used to isolate

halotolerant and extremely halophilic bacteria from the salt-
ed sheepskins. Halophile medium contained 5 g KCI, 5 g
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MgCl2.6H20, 5 g NH4CI, 5 g MgS04.7H20, 10 ml of 1%
ferric-citrate solution, 50 ml of trace element solution, 30 ml
of yeast extract solution (150g/1), 30 ml of peptone solution
(150g/1), 10 g agar and 925 ml distilled water '*. Trace
element solution (per liter of distilled water) consisted of 1
mg CuS04.5H20, 220 mg ZnS04.7H20, 10 mg CaCl2.6H20,
180 mg MnCl2.4H20, 6.3 mg Na2MoOs. Modified nutrient
agar contained 23 g nutrient agar, 5 g nutrient gelatin, 5 g
beef extract and 1000 ml distilled water ' '°. Modified malt
extract agar [30 g malt extract, 5 g peptone, 15 g agar, 10
g glucose, 1.0 g yeast extract, strep- tomycin (100 pg/ml)
and 1000 ml distilled water with the same concentrations of
NaCl described above] was used to isolate fungi from the
salted sheepskins '®. The pH of halophile medium, modified
nutrient agar and modified malt extract agar were adjusted
to 7.0, 7.7 and 5.6 with 1 N KOH and 1 N HCI, respectively.

Halophile medium and modified malt extract agar contain-
ing % 1 skim milk or % 1 tributyrin were used to determine
proteolytic and lipolytic microorganisms on the salted
sheepskins 7.

Methods
Chemical Analysis of Raw Sheepskins

In order to evaluate the quality of salted sheepskins,
analysis of salt saturation,'® pH determination,'® moisture
content,® ash determination,'® salt determination, 2° and
boric acid content 2! were examined.

Microbiological Analysis of Raw Sheepskins
Isolation of microorganisms

Spread plate technique was used to determine the
numbers of halotolerant, extremely halophilic bacteria and
fungi on the salted sheepskins ?2. Twenty five grams of
salted sheepskin samples cut into half inch squares were
placed in a flask containing 225 ml of 25% NaCl (w/v) 7.
The flasks were placed in a shaking incubator (New
Brunswick G-625 Environmental Inc. Shaker) for two hours
and 0.1 ml of serial dilution of the sample was spread onto
the surface of the three different media. Inoculated plates
were incubated at 37 °C for one week for halotolerant and
extremely halophilic bacterial growth and at 27 °C for three
weeks for fungal growth. After the incubation periods, the
numbers of colonies were counted. All experiments were
done in dublicate. Fungal isolates were identified according
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to the taxonomic identification proposed by Raper et al., 22
Pitt, 2° Barnett, 2® Domsch et al. %'.

Determination of Defective Double-Faces and Color
EvaluationTest

In order to determine the number and percentage of
defec- tive double-face leathers, 3000 pieces of finished
double- faces were examined subjectively using day light
source in Datacolor International (model Tru-Vue 2) color
matching booth. Thus, the defective pieces among the 3000
finished double-faces were determined, which provided us
with the precise percentage of the defective double-faces
within the party.

Following this procedure, Minolta Spectrophotometer
(model CM-508d) connected to a computer was used to
detect numerically the color difference between the even
dyed areas and the stained areas on the suede surface of
the defective double-faces. Colorimetric measurements were
carried out on samples selected from defective double-faces
according to sampling formula (Egn.1). L* (lightness), a*
(red-green color coordinate) and b* (yellow-blue color
coordinate) color parameters were directly read using D65
illuminator and 10° standard observer 28. h° (hue), defined
as (Eqn.2), describes the color tone and C* (chroma), defined
as (Eqn.3), describes the vividness %°.

h® = arctanb */a* )
C*=[(a*)2+(b *)2]1/2 (3)

The device was calibrated using a standard white plate
before the measuring process. By means of a standard
read- ing area with a diameter of 8 mm, 5 measurements
for each were taken for the area that was dyed in a light
color directly on the suede surface and the areas with even
dyeing. The averages of these measurements were also
taken.

Results
Chemical Properties of Raw Sheepskins

Preservation of hides and skins is one of the main
subjects of leather industry. Raw skin can easily be spoiled
because of its biological structure. Hence, the preservation
of the fresh skins that have been obtained by flaying the
animals, under the appropriate conditions, is necessary
before taking the skins into processing.



Since the sheepskins have a compact and long wool
structure, the curing process is not as easy as it is in hide.
Especially, in sheepskins that will be processed to become
fur and suede, both wool and flesh sides should be pre-
served perfectly. However, the skin suppliers apply the
standard curing operation since they don't know which
product type the raw skin they sell will turn into. On the other
hand, tanners check whether the wool is easily removed
from the skin as a control criterion of conservation of
sheepskins. But some defects that are not taken into
consideration can cause the quality of the leather to decrease.

The general method for preservation of sheepskins is
by wet salting the skins in stack or drum cure. In the
conservation process of sheepskins, 100% salt is used in
stack curing and 45% salt is used in drum curing based on
skin weight . If skins are to be held longer than three weeks
to one month, they will need to contain sufficient salt to be
preserved over this period.

It is known that one of the most important requirements
for growth of halophilic bacteria and molds is the proper
moisture content. A well preserved skin should have a
moisture content of between 40 and 48% of the skin weight
and sufficient salt to provide at least 80-85% saturation, in
that moisture 2 '® % This corresponds to 12.5% of salt on
skin weight 2. Knowledge of the conditions under which brine
cured hides and skins can be safely stored and transported,
particularly on long sea voyages, is a matter of particular
importance 8. Nancy and Venkatesan ®' showed that
deterioration, as exhibited by loss in tensile strength, could
be attributed to high temperature and high relative humidity,
which brought hydrolytic attack on collagen.

Chemical analysis results of the salted sheepskins are
givenin Table I. Generally in the curing process of sheepskins,
approximately 0.5% boric acid is used taking the salt weight
as a base to inhibit the halophilic bacteria by reducing the
pH degree below ® 2. Similarly, it was detected that in the
conservation process of the skins examined in this research
boric acid has been used and the pH degree was found to
be below °.

It was found that the moisture content of the salted
sheepskins was slightly high while boric acid content on the
salted sheepskins was low to control the growth of extremely
halophilic bacteria. Also low pH and slightly high moisture
content supported the growth of fungi on the samples. Salt
concentration of the salted sheepskins was sufficient to

Table 1. Chemical Analysis of Raw Sheepskins
Moisture (%) 48.25 £ 0.89
Ash (%) 25.11£0.83
Salt (%) 23.71 £0.85
Salt Saturation (%) 146.2 £ 7.52
Boric Acid (%) 0.39 £ 0.01
pH 5.81 £0.17

prevent non-halophilic bacterial growth, but this salt amount
supported the growth of extremely halophilic bacteria on the
salted sheepskins.

Consequently, deterioration of the salted sheepskins
during storage was thought to be associated with exposure
to high humidity. The deleterious influence of high humidity
on the salted sheepskins was also increased by acidic pH.

Microbiological Process of Raw Sheepskins

One of the most important factors affecting leather quality
is microbial spoilage & *2. Salt is widely used to protect raw
hides and skins from microbial spoilage. However, halophilic
and halotolerant microorganisms found in salt and the
environment can be introduced to the raw hides and skins
by salting process. Under unsuitable transportation and
storage conditions, these microorganisms can flourish on
hides and skins and subsequently begin a degenerative
process '> 3. The isolation and identification of the halophilic
bacteria on brine cured hides and the proteolytic activity of
these isolates have been studied in detail " '* %2 34,

As seen in Table I, the extremely halophilic bacterial
num- bers on the salted sheepskin samples were found as
1.8x106-4.3x107 cfu/g on modified nutrient agar containing
10-30% NaCl (w/v) and 1.9x106-4.7x107 cfu/g on halophile
media containing 10-30% NaCl (w/v). In the study of Birbir
et al.,'® the total halophilic bacterial number on brine cured
hides was found as 1x107-7x109 cfu/g. A significant difference
between bacterial numbers on two different media used for
isolation was not found in our study. Colonies on both media
were circular, creamy, light pink, opaque and 1-5 mm in
diameter after appropriate incubation time.

In this study, NaCl content of salted sheepskins was

found 23.7% (Table I). Bacterial growth was not observed
on modified nutrient agar and halophile medium without salt.
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Table 2. Total Number of Halophilic Bacteria (cfu/g) at 37 °C for One Week on Modified Nutrient Agar and Halophile
Media and Total Number of Fungi (cfu/g) at 27 °C for Three Weeks on Modified Malt Extract Agar with Various Salt

Concentrations.
MEDIA Salt Concentration %
0 10 17 25 ..30
MNA 2 0 1.8x10°© 4.3x10 7 2.8x10 7 2.4x10 8
HM © 0 1.9x10® 4.7x107 3.1x107 2.1x10©
mMEA °© 3.1x10°3 2.0x10° 41x10* 1.4x10 * 1.1x10

a; Modified Nutrient Agar

The results showed that 23.7% NaCl of the sheepskins
inhibited non halophilic bacteria. These results agreed with
the previous research .

The genera of mold that are most commonly found on
leather are Aspergillus, Penicillium and Paecilomyces. Mold
growth may cause various discolorations on the skins, hides
and leathers. The mold growth itself may be brownish tan,
black, yellow, red or green. Also the by products of molds
turn the color of the chrome to dark green °.

In this study, fungal growth was clearly seen on flesh
side of salted sheepskins (Figure 1). All of the salted
sheepskins showed abundant mold growth causing white,
yellow and brownish tan discoloration and all gave off an
unpleasant musty odor. The total fungus number was found

b; Halophile Media

c¢; Modified Malt Extract Agar

as 1.1x101-4.1x104 cfu/g on modified malt extract agar
containing 0-30% NaCl (Table Il). Seven species of
filamentous fungi were isolated from salted sheepskins and
identified as Aspergillus terreus, A. niger, A. fumigatus,
Penicillium restrictum, P. citrinum, Alternaria sp. and
Cladosporium sp. The results showed that a remarkably
diverse fungal population may be found on salted sheepskins.
These filamentous fungi can also be recovered from natural
environments such as soil and hypersaline lakes % 3¢
Tolerance to high salt concentration is a common feature
of fungi species'®. Some species of Aspergillus and Penicillum
can survive at above 25% NaCl *’.

Total number of halophilic bacteria and fungi, total number
of proteolytic and lipolytic microorganisms and their per-
centages are presented in Table Ill. While 53-74% of total

Table 3. Total Number of Halophilic Bacteria and Fungi on Media with 1% Skim Milk and 1% Trybutyrin and

Percentage of Proteolytic and Lipolytic Microorganisms.

MEDIA Salt Concentration %

0 10 17 25 30
HM+1% Skim Milk 0 1.4x10 © 3.1x10 7 1.9x10 7 1.1x10©
Proteolytic Bacteria(%) 0 74 66 61 53
HM+1% Trybutyrin 0 1.2x10© 2.8x10 7 1.7x10 7 9.6x10°
Lipolytic Bacteria(%) 0 62 60 54 47
Mmea+1%Skim Milk 1.0x10 * 9.6x10° 1.7x10 3 5.4x10 2 3.0x10
Proteolytic Fungi(%) 58 48 42 39 27
MMEA+1%Trybutyrin 9.7x10® 9.4x10° 1.6x10°2 4.9x102 2.0x10
Lipolytic Fungi(%) 54 47 a1 35 18
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halophilic bacteria and 27-58% of total fungi were found to
be proteolytic, 47-62% of total halophilic bacteria and 18-
54% of total fungi were lipolytic. It was also determined that
the higher the salt concentration was in isolation media, the
lower the total numbers and percentages of proteolytic and
lipolytic microorganisms were.

The screening of the halophilic bacteria excreting
hydrolytic enzymes as proteases and lipases was carried
out on the agar media supplemented with 1% skim milk for
proteases and 1% Tween 80 for lipases ' 3. Routinely,
casein, azocasein, Hammerstein casein, milk, skim milk and
oligopeptides are used to determine for qualitative and
quantitative protease activities '" 3% %% 4°_ Similarly, there
are many substrates to detect for lipase activity such as
trybutyrin, Tween 80, olive oil, p-nitrophenil palmitate *'.

Birbir et al.*? examined 18 selected extremely halophilic
strains isolated from Sereflikochisar Salt Lake (Turkey) for
their proteolytic and lipolytic activities. They found that
approximately 94.4% and 72% of all strains hydrolyzed
gelatin and Tween 80. They mentioned that when the salt
obtained from Sereflikochisar was used directly in brine
curing, the halophilic bacteria in the salt would digest the
collagen, thus lowering the value of leather and representing
a huge annual loss to the Turkish tanning industry.

Figure 1. - Fungi on the flesh side of salted sheepskin

Sanchez-Porro et al."” found 201 protease and 207
lipase producers from a total of 9848 bacteria colonies which
were isolated from different hypersaline environments
located in South Spain. Their study in hypersaline
environment revealed that enzymes of halophiles were
expected to show optimal activities in extreme hypersaline
conditions, thus halophiles producing extremozymes would
be of invaluable help for biotechnological applications.

Defective Double-Face Ratio and Color Evaluation

One of the most critical aspects of the marketability of
a product is its color **. The control and measurement of
color in leather processes has become increasingly important
in today's economies *. The quality control of leather is the
assessment of these shade differences to the standard “.
Spectrophotometric techniques such as colorimetric color
measurements are used to analytically evaluate color
uniformity or stability of materials*®*>*¢*”*®_Color quality is
determined by the requirements of the end user thus, poor
quality leather due to color defects is not acceptable **.

Color quality control is conducted subjectively in a color
matching booth in most tanneries. Similarly, in our study a
subjective examination of 3000 pieces of double-face leathers
in the color matching booth revealed that 1050 pieces of
these leathers had light uneven dyeing
on their suede surfaces (Figure 2). This
defect, which appears as light stains on
the suede surface, was observed to
correspond to 35% of the total double-
face amount.

Conservation defects on hides and
skins affect the fixing properties of
dyestuff to leather substance and ac-
cordingly, even dyeing and homogeneity
of the parties in a negative way.
Microorganism activities on hides and
skins especially during conservation,
storage and transportation might cause
undyed areas or light stains on the
leather grain 3 4. Due to the damages
caused by proteolytic and lipolytic mic-
roorganisms on the flesh side of skins,
less dyestuffs may be fixed during
dyeing process and this state may be
observed as light stains on the suede
surface. As a matter of fact, L*(lightness)
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value was found to be higher due to
stained areas dyed in lighter color when
the color coordinates obtained at the
end of spectrophotometric measure-
ments employed on the suede surfaces
of defective double-faces were exa-
mined. These areas, which appear in
light color because of less dye fixing,
has given a higher C* (chroma) value
(Table IV).

On the other hand, depending on
the changes in a* and b* values, it is
possible to determine the color
differences on a leather surface. Low
values of a* and b* define a dark color,
whereas higher values of a* and b*
indicate lighter color. As seen in Table
IV, a* and b* values in the areas with
light stains were higher than even dyed
areas. Lower values of ho indicate a
lighter color and lower values were
obtained from stained areas.

Conclusions

The most interesting conclusion of our study is that fungi,
as well as extremely halophilic bacteria, can grow on salted
skins under the appropriate conditions. Proteolytic and
lipolytic activities of extremely halophilic bacteria and fungi
on skins may affect the quality of the final product in different
extents depending on the type of the finished leather. The
defects are seen more markedly especially in leathers like

Figure 2. - Light stains on the suede surface of the double-face

suede and nubuck, for which the natural appearance is
important. This research results showed that the light stained
appearance on the suede surfaces of defective double-faces
could be covered only by finishing process. However, the
finishing process removes the suede appearance and lowers
the sale price of the finished product.

Serious economical losses in leather industry may occur
due to the defects on hides, skins and finished leathers.
This situation creates a great problem for the countries that

Table 4. Average Values Belonging to the Color Coordinates of Even and Stained Areas on the Suede Surface of Defective

Double-faces

Party Areas on Suede L* a* b* c* h°

No Surface

1 Even Dyed Area 2494 +1.40° | 1551 +0.44 | 1713+043°% | 2311 +051°% | 42.16+0.752
Stained Area 32.65+0.99% | 16.20+0.31 | 20.89+0.30% | 26.44+0.362% | 37.78+0.53°

2 Even Dyed Area 26.01 +0.92° | 16.16+0.27 18.51 +0.72° | 2457 +0.70° | 41.12+0.622
Stained Area 3468+065% | 16.66+0.19 | 2211 +0512% | 27.69+050% | 37.03 +0.44°

3 Even Dyed Area 28.79 +0.64° | 15.93 +0.20 18.94 + 0.42° | 2474 +0.45° | 40.07+0252
Stained Area 3429+0562% | 16.09+0.17 | 20.98+0.362% | 26.44+0.392% | 37.50+0.22°
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have a high production capacity and need to import hides
and skins. Therefore, we suggest that precautions such as
salt choice, utilization of sufficient amount of salt, selection
of effective biocide, suitable transportation and storage
conditions, and detailed application of these precautions in
trade agreements between skin providers and tanners should
be taken into consideration, which will eventually help to
reduce the losses in quality.
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