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ABSTRACT

This study was performed to evaluate the efficiency of salt
curing and soaking methods containing antibacterial agents.
The bacteria adversely affecting hide quality because of hide
preservation method and soaking process were examined in
salt (n=40), salted hide (n=36), soaked hide (n=34) and soak
liquor (n=19) samples obtained from different tanneries in
Leather Organized Tannery Region, Tuzla-Istanbul, Turkiye.
Most of the hides examined in this study (83%) were imported
from abroad. The pH, moisture content %, ash content % and
salt saturation % of the salted hides were determined. 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. It was determined that
ash content in 25% (10-14%) of the salted hides and salt
saturation in 22% (65—-84%) of the salted hides were suitable
for the growth of mesophilic bacteria. 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 observed in the
most samples of salt and salted hides. These bacterial counts
were 10°-10* c.f.u./g in the salt samples whereas they were
10%-10° c.f.u./g in the salted hides. Although proteolytic and
lipolytic mesophilic bacteria were 10°-10® c.f.u./g in 97% of
the soaked hide samples, they were 10°-10° ¢.f.u./ml only in
42% of the soak liquors. In conclusion, it was determined that
this hide preservation method was not adequate to inactivate
bacterial activity. Hence, bacterial activity was high in the
salted and soaked hides and also the concentration of
antibacterial agents used in the soaking process was not
sufficient. It is believed that eliminating of these problems will
provide to increase hide quality.

RESUMEN

Este estudio se efectud para evaluar la eficiencia de la
preservacion por salado y los métodos de remojo conteniendo
agentes antibacteriolégicos. La bacteria que adversamente
afectan la calidad de la piel debido al método de preservacién
y proceso de remojo fue examinada en muestras de la sal
(n=40), piel salada (n=36), piel remojada (n=34) y bafio de
remojo (n=19), obtenidas de diferentes tenerias en La Regién
Designada para Curtiembres Normalizadas, Tuzla-Estambul,
Turquia. La mayoria de las pieles revisadas en este estudio
(83%) fueron importadas del exterior. El Ph, el porcentaje de
contenido de humedad, el contenido porcentual de cenizasy el
porcentaje de saturacion de la sal fueron determinados. En los
cueros salados, el pH de todas las muestras (pH 6-9) y el
contenido de humedad (49-66%) en un 28% de las muestras
se encontré como apropiado para crecimiento bacterial. Se
determiné que el contenido de ceniza (10-14%) en un 25% de
las pieles y la saturacidn salina (65—-84%) en un 22% de las
pieles saladas, fueron favorables para la reproduccién de
bacteria mesofilica. Aun con el tratamiento por sal de las
pieles, bacteria proteolitica y lipolitica-mesofilica, fueron
aisladas en altas poblaciones. Bacteria proteolitica y lipolitica
extremadamente halofilica fueron observadas en la mayoria
de las muestras de sal y pieles saladas. Los conteos de bacteria
fueron de 10%-10* ufc/g en las muestras de sal mientras que
fueron de 10%-10° ufc/g en las pieles saladas. Aunque la
bacteria proteolitica y lipolitica-mesofilica fueron de 10°-108
ufc/g en un 97% de las pieles remojadas, fueron solo de 10°—
106 ufc/ml en un 42% en los bafos de remojo. En conclusion,
se determind que este método de preservacion de la piel no es
adecuado para inactivar la actividad bacteriana. La actividad
bacterial, entonces, fue alta en las pieles saladas y remojadas,
asi como también la concentracién de los agentes bactericidas
utilizados en el remojo no fue suficiente. Se cree que la
eliminacion de estos problemas conduciria a un aumento en la
calidad de la piel.
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INTRODUCTION

Since the animal body may be exposed to a variety of
microorganisms originated from environmental sources such
as air, water, soil, feces, manure and slaughterhouse, many
species of bacteria easily colonize on the hide surface. Hair
follicles on skin or hide are fairly appropriate structures for
microorganisms to easily colonize. Moreover, the secretions of
skin glands are rich in microbial nutrients such as urea, amino
acids, lactic acid and lipids. Even though normal microbial
flora of hides containing mesophilic bacteria in healthy
animals do not cause any damage on hide, it begins to vary
and destroy the hide immediately after the animal is
slaughtered and flayed. Hide containing water, protein and
fats offers an ideal environment for microbial growth. If there
is a sufficiently high population of bacteria on hide, the
coordinated expression of the bacterial enzymes may cause
irreversible damages on hide.'> The goal of hide preservation
with salt and bactericides is to prevent the bacterial damage on
hides during their storage and transportation periods.' Salt
pack curing and brine curing methods are commonly used in
the hide preservation in Turkiye. The most important point in
salt pack curing method is to apply salt containing bactericides
on the hide homogenously. In case this method is applied
inadequately, mesophilic and halophilic bacteria can grow on
hide. Mesophilic bacteria are commonly found in nature and
warm-blooded animals.” Salt lakes and saline environments
include halophilic and extremely halophilic bacteria. Salt
obtained from salt lakes are used in the preservation of hide.5
Hence, salted hides may contain mesophilic, halophilic and
extremely halophilic bacteria in high numbers. Proteolytic and
lipolytic mesophilic, halophilic and extremely halophilic
bacteria on salted hides may cause discoloration of the flesh
side of hide, hair slips, pin pricks, degradation of entire follicle,
holes in grain surface, partially removal of grain layer,
distruption of collagen fibers, loose grain, grain peeling and
uneven dyeing in leathers.>!*

Salted hides are soaked in water for rehydration in the soaking
process and this process helps to remove salt, blood, manure,
fats, globular proteins found in fibrous structure of hide. The
duration of main soaking processes may change according to
tanneries in different countries and ranges from about 1.5
hours to 24 hours. Soak liquors containing high organic
substances serve as an ideal environment for bacterial
growth."* The proteolytic and lipolytic mesophilic bacteria on
salted hides can reach considerably high numbers and may
cause serious damages on soaked hides during the soaking
process by affecting the hide quality adversely.

To prevent bacterial attacks on hides during the soaking
process, a variety of bactericides are added into soak liquors.
The efficiency of bactericides on proteolytic and lipolytic
bacteria in soak liquors may be insufficient due to high
organic content of soak liquors. Furthermore, some of the

bacteria may be resistant to bactericides applied to the cured
hide and soak liquors and these resistant strains may grow in
the presence of the bactericides on the cured hides and in the
soak liquors. These bacterial strains contain resistance
plasmid and may transfer this resistance plasmid to other
bacterial strains by conjugation.> ™15

The most important factors which affect hide quality adversely
are curing and the soaking process of hides in hide industry.
The damage occured from these processes cannot be prevented
with the other tanning processes. Hence, it is certainly necessary
to control proteolytic and lipolytic mesophilic and halophilic
bacterial numbers in salt, on salted and soaked hides and in
soak liquors periodically to have an idea about inactivation of
bacteria during the curing and soaking processes. In addition to
this, by reason of adverse effects of bacterial population on
salted hides, soaked hides and in soak liquors, it is necessary to
control proteolytic and lipolytic bacteria in the cured and
soaked hide samples collected from different tanneries. To
understand the efficiency and sufficiency of salt pack curing
method used in different countries including Turkiye, total
halophilic, mesophilic, proteolytic and lipolytic bacterial
populations in salt, on salted (imported from different countries
and collected from Turkiye) and in soaked hides and soak
liquors were examined. Furthermore, moisture content, ash
analysis and salt saturation of salted hides were determined for
the evaluation of salt curing process.

EXPERIMENTAL

In the present study, salt used in curing of hide (n=40), salted
hide (n=36), soaked hide (n=34) and soak liquor (n=19)
samples were collected from different tanneries in Leather
Organized Tannery Region, Tuzla-Istanbul, Turkiye. Most of
the salted hides examined were imported (83%) from different
countries such as Greece, England, U.S., Serbia, Bulgaria,
Russia, Africa and Australia. The rest of the salted hides were
(17%) salt pack cured hides in Turkiye. Then, these samples
were immediately placed into sterile sample bags and
containers and they were carried on ice during the
transportation. Before the experiments, all of the salted hide
samples were cleaned thoroughly of hair, fat and dirt. Then,
the hide samples were cut into small pieces.

Measurement of pH in the salted hides

Five grams of the salted hides were put into the flasks
containing 100 ml of sterile distilled water at 20°C and then
they were placed in a shaking incubator (Edmund Biihler,
Germany) for 1 hours. All pH measurements of the salted
hides were done by using a pH meter (Sartorius Professional
Meter PT- 10P, Goettingen, Germany).'°

Moisture, ash and salt saturation of the salted hides
The salted hide samples were weighed before drying in an
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oven at 102°C for 5 h. The drying procedure was repeated
until first weight is equal to second weight.!' Then, the dry
samples were placed in ceramic crucibles and ashed in a
muffle furnace at 600°C for 8 hours. After cooling, the
samples were weighed to determine ash content.!®!® Salt
saturations of the examined hide samples were calculated
according to standard methods.!*"

Examination of extremely halophilic

bacteria in salt and salted hide samples

Spread plate technique was used to determine the total
numbers of extremely halophilic, proteolytic and lipolytic
halophilic bacteria in salt samples and on the salted hides.'®
20gr of each salt and salted hide sample was placed into
flask containing 180 ml 25% NaCl solution. The flasks were
placed in a shaking incubator (Edmund Biihler, Germany)
for 3 hours at 25°C in 100 rpm and direct and serial dilutions
of the bacterial suspension were spread onto the surface of
the agar plates containing Brown medium (2g MgSO,.7H,0O,
2g KCl, 3g sodium tri-citrate, 5g yeast extract, 20g agar and
250g NaCl in 1000 ml of distilled water; pH 7). After the
incubation at 39°C for one month, the numbers of colonies
were counted. The bacteria in the salt and salted hide
samples were tested for degradation of gelatin and Tween 80
by standard methods using 2% (w/v) gelatin and 1% (w/v)
Tween 80, respectively. All experiments were done in
duplicate.

Examination of mesophilic bacteria in the

salted hides, soaked hides and soak liquors

Spread plate technique was used to determine the total
numbers of mesophilic, proteolytic and lipolytic bacteria in
the salted hides, soaked hides and soak liquors.!® 20ml of each
soak liquor and 20 gr of each salted hide and soaked hide were
separately placed in a flask containing 180ml 0.85 % sterile
physiological saline solution. The flasks were placed in a
shaking incubator (Edmund Biihler, Germany) for half an
hour at 25°C in 100 rpm and direct and serial dilutions of the
bacterial suspension were spread onto the agar plates
containing Nutrient agar.

After the incubation at 37°C for two days, the numbers of
colonies were counted. Proteolytic and lipolytic activities of
bacterial strains in the salted hides, soaked hides and soak
liquors were determined according to previously described
test methods.!®!? All experiments were done in duplicate.

RESULTS AND DISCUSSION

Microbiological analysis of the salt samples

Total extremely halophilic (10-10° c.f.u./g), proteolytic (10—
10% c.f.u./g) and lipolytic (10>-10*c.f.u./g) halophilic bacteria
were isolated from all of the salt samples examined. The total
extremely halophilic bacterial numbers were 10-10°c.f.u./g
(89%) in 36 and 10*-10°c.f.u./g (11%) in 4 of the salt samples
(Table I). These results support previous studies with regard to
the total extremely halophilic bacterial numbers in salt
obtained from Tuz Lake (10*-10° c.f.u./g), Kaldirim and
Kayacik salterns (10°-107 c¢.f.u./g) and Tuzkdy salt mine (10°—
106 c.f.u./g) in Turkiye.?*!

pH, moisture, ash content and salt saturation

analysis of the salted hide samples

The efficacy of curing method was checked by determining the
pH, moisture, ash content, salt saturations and total bacterial
counts on the salted hides. These parameters affect the growth
of microorganisms on salted hides. At the optimum pH values
on which microorganisms grow, it is clear that hide damage will
be more. In our study, pH values were measured as 6 (5%), 7-7.5
(53%) and 8-9 (42%) in the salted hides (Table II).

Schmitt and Deasy*? determined that pH values in hides were
decreasing continuously in the course of time during the
preservation process and they suggested that this reduction in
pH value was occurred due to postmortem changes. Polkade*
stated that fresh raw hides had an appropriate pH, high
moisture and nutrient content for the microbial growth. In the
other study, it was reported that bacteria hydrolyze the hide at
pH 7.5.1% Taking into consideration that pH range is between
4 and 9 for the most microorganisms living in natural

TABLE I

Mean, median, mode and range values of total extremely halophilic,
proteolytic and lipolytic halophilic bacterial numbers in the 40 salt samples.

Mean Median Mode Range

Total Extremely Halophilic Bacteria (c.f.u./g) 8.2 x 10* 3.5x10* 1 x 10* 59 x 10°
Total Proteolytic Extremely Halophilic Bacteria (c.f.u./g) 27 x10° 2.5 x 107 1 x10? 39 x 10*
Total Lipolytic Extremely Halophilic Bacteria (c.f.u./g) 8.5 x10° 1x10° 2x10° 79 x 10*

JALCA, VOL. 105, 2010



BACTERIA IN SALT AND SOAK LIQUORS 323

environments, pH values of the examined hide samples in our
study were reasonably appropriate (6—9) for the bacterial
growth. Moisture contents were found as very low (26-39%)
in 4, normal (41-48%) in 22 and high (49-66%) in 10 of the
36 hide samples (Table 1I). Bailey' reported the standards of
moisture content as 40—48%, ash content as 14—48% and salt
saturation as = 85% for salted hides. It was emphasized that
moisture content lower than 40% leads to poor rehydration
and higher moisture content than 48% supports bacterial
growth on hides. Moreover, Bailey' mentioned that these
minimum standards are necessary for the long term hide
preservation under the good conditions. On the basis of these
standards, moisture contents of the examined hides were

found as normal at the most of the hides examined in the
present study. According to our results, 10 samples were
under high risk for the bacterial damage. Low moisture
content is not preferred in leather making processes. If
moisture content of hide is insufficient, cracking on grain
surface of salted hides may occur. Ash contents were
evaluated as low (10-14%) in 9, normal (15-23%) in 26 and
high (49%) in 1 of the 36 hide samples. It was demonstrated
that salt saturations in 28 of the 36 salted hides were =
85-100% (86—100%) and in 8 of the 36 salted hides were
lower than 85% (65-84%). Ash contents and salt saturations
in most (75-78%) hide samples examined supported the
growth of extremely halophilic bacteria (Table II).

TABLE 11

Mean, median, mode and range values of pH, moisture content %,
ash content % and salt saturation % in the 36 salted raw hides.

Mean Median Mode Range
pH 7.63 7.50 7.50 3.00
Moisture content % 45.87 46.56 41.03 39.94
Ash content % 17.33 15.74 16.66 39.00
Salt saturation % 92.20 95.15 100.00 34.63
TABLE III

Mean, median, mode and range values of total mesophilic, proteolytic
and lipolytic mesophilic, extremely halophilic, proteolytic and
lipolytic halophilic bacterial numbers in the 36 salted hides.

Mean Median Mode Range
Total Mesophilic Bacteria (c.f.u./g) 5.1 x 107 1.1 x 107 1 x 108 32 x 108
Total Proteolytic Mesophilic Bacteria (c.f.u./g) 43 x 10° 1 x10° 1x10° 2.5 x 10°
Total Lipolytic Mesophilic Bacteria (c.f.u./g) 2.9 x 10° 1.6 x 10° 5 x 10* 5 x 107
Total Extremely Halophilic Bacteria (c.f.u./g) 6.3 x 10° 2.1 x 10° 1x10° 9.9 x 107
Total Proteolytic Extremely Halophilic Bacteria (c.f.u./g) 53x10° 1.3 x 10* 1 x 10? 6.5 x 10°
Total Lipolytic Extremely Halophilic Bacteria (c.f.u./g) 24 x 10° 42 x10° 0 6.2 x 10°
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Microbiological analysis of the salted hides

Due to inappropriate salt curing, total mesophilic bacteria
(10*-108 c.f.u./g) and extremely halophilic bacteria (10°-10®
c.f.u./g) were observed in high numbers on the salted hide
samples in our study. It was found that 97% of the examined
samples had proteolytic (10>-10° c.f.u./g) and lipolytic
mesophilic bacteria (10°-107 ¢.f.u./g). It was determined that
94% and 81% of the samples had proteolytic extremely
halophilic bacteria (10>~10° c.f.u./g) and lipolytic extremely
halophilic bacteria (10>~10° c.f.u./g), respectively (Table III).
The percentage of proteolytic halophilic bacteria on the salted
hides was found to be higher than previous studies.!'*?* Also,
the total extremely halophilic, total proteolytic and lipolytic
extremely halophilic bacterial numbers in the salted hides
were higher than that of salt samples. These findings showed
that the salted hides stored in the tanneries provided
appropriate conditions for growth of extremely halophilic
bacteria (10°-10® c.f.u./g) in high numbers. Therefore, it is
necessary that the salt used in hide preservation should not
contain proteolytic and lipolytic extremely halophilic bacteria
or these bacteria in salt should be inactivated.

Solar salt is produced by natural evaporation of seawater or
brine and solar salt is not exposed to any treatment before it is
applied to hides. Previous studies results showed that
unprocessed solar salt contained high numbers of proteolytic
and lipolytic extremely halophilic bacteria.?"-* Since the hides

were cured with this unprocessed solar salt, extremely
halophilic bacterial counts were high in the salted hides
examined. It was found that extremely halophilic bacterial
counts were fairly high in 72% of the hides (10°-107 c.f.u./g).
These findings were consistent with the previous studies
reporting the extremely halophilic bacterial numbers (10°-108
c.f.u./g) in the brine cured hides.”** Researchers demonstrated
that proteolytic bacteria which originated from unprocessed
solar salt digested the grain surface of hide and caused a
complete disruption of collagen fibers.!! Furthermore, it was
explained that these bacteria produced sponge-like vesicles
within hide and light stains on the suede surface of finished
double-face leathers.'>"?

It is recommended that halocins, bile salts and antimicrobial
agents may be used in inactivation of halophilic microorganism
in salt to prevent halobacterial damage on salted hides.®2026-28
Antimicrobial activity tests against the bacteria which were
isolated from salted hides should be done continuously to
control bacterial resistance against antimicrobial agents used
in commonly in hide industry. However, it is necessary to use
antimicrobial agents, which is not effective on bacterial
ribosomes because mitochondria and chloroplasts contain
ribosomes (70S) similar to ribosomes of bacteria (70S).
Antimicrobial agents which inhibit protein synthesis of
bacteria may also affect protein synthesis of mitochondria and
chloroplasts.’

TABLE IV

Mean, median, mode and range values of total mesophilic, proteolytic
and lipolytic mesophilic bacterial numbers in the 34 soaked hides.

Mean Median Mode Range
Total Mesophilic Bacteria (c.f.u./g) 1.4 x 108 1.1 x 108 2 x 108 8.9 x 108
Total Proteolytic Mesophilic Bacteria (c.f.u./g) 1.86 x 107 2.4 x 107 2 x 10° 1.49 x 108
Total Lipolytic Mesophilic Bacteria (c.f.u./g) 1.7 x 107 2.8 x10° 2.8 x10° 1.2 x 108
TABLE V
Mean, median, mode and range values of total mesophilic, proteolytic
and lipolytic mesophilic bacterial numbers in the 19 soak liquors.
Mean Median Mode Range
Total Mesophilic Bacteria (c.f.u./ml) 8.3 x10° 4 x 108 1 x 107 42 %107
Total Proteolytic Mesophilic Bacteria (c.f.u./ml) 4.1 x10° 7.2 x 10* 1.2 x10° 5x10°
Total Lipolytic Mesophilic Bacteria (c.f.u./ml) 1.8 x 10° 2 x 10* 0 2 x 10°
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Bailey et al.” emphasized that electron beam irridation may
be used to prevent bacterial growth on raw hides until 3 weeks.
Furthermore, Bailey (1) suggested that KCl, which has
important roles in opening of stomata, osmotic and ionic
balance and activation of enzymes in plant cells*® may be used
in preservation of raw hides instead of NaCl.

Also, Birbir et al.” showed that a 0.5 A direct electric current
was very effective method to kill proteolytic and lipolytic
extremely halophilic bacterial populations in salt used in hide
preservation.

Microbiological analysis of the soaked

hide and soak liquor samples

Total mesophilic bacterial numbers were 10’108 c.f.u./gin 29
and 10°-10° c.f.u./gin 5 of the 34 soaked hides. Total
proteolytic mesophilic bacterial numbers were 10°~10%c.f.u./g
in 28 and 10*-10° c¢.f.u./g in the 6 soaked hides. Total lipolytic
mesophilic bacterial numbers were 10°-10® c.f.u./gin 31 and
104~10° c.f.u./gin the 3 soaked hides (Table IV).

It was determined that total mesophilic bacterial numbers in
the soak liquor samples were 10°-107 c.f.u./ml. In these
samples, total proteolytic mesophilic bacterial numbers were
10°-10%c.f.u./ml in 8 and 10°>-10* c.f.u./ml in 9. Total lipolytic
mesophilic bacterial numbers were 10°-10° c.f.u./ml in 8 and
10°-10* c.f.u./ml in 8 and 10'-10% c.f.u./ml in 2 samples
(Table V).

Although most tanneries add antibacterial agents to the soak
liquors, high mesophilic bacterial numbers were obtained
from the soaked hides (10°-10® c.f.u./g) and soak liquors (10°—
107 c.f.u./g) examined. While proteolytic (10*~108 c.f.u./g) and
lipolytic (10°-108 c.f.u./g) mesophilic bacteria were isolated
from all of the soaked hides, proteolytic (10*~10° c.f.u./g) and
lipolytic (10'-10° c.f.u./g) mesophilic bacteria were isolated
from 89% and 95% of the soak liquors, respectively.

Total mesophilic, proteolytic and lipolytic mesophilic bacterial
numbers in the soaked hides were higher than that of bacterial
numbers in the salted hides. The numbers of these bacteria
were found to be low in the soaked liquors. The high bacterial
numbers on the soaked hides were thought to be related with
bacterial population on the salted hides. When the salted hides
containing bacteria in high numbers are soaked, these bacteria
will grow rapidly because of water and high organic content
on the soaked hides. On the other hand, the decrease in
bacterial numbers in the soak liquors may be related with
usage of antimicrobial agents. These results suggested that the
bacterial damage on hides may occur during the soaking
process.

These experimental results proved that the mesophilic bacteria
on the salted hides may contaminate the soak liquors easily
and these bacteria may grow rapidly both on the soaked hides

and in soak liquors due to inadequate antibacterial agents used
in the soaking process.

CONCLUSION

Our results showed that the salt and antibacterial agents used
in hide preservation and the soaking process were insufficient
to prevent growth of the mesophilic and halophilic bacteria on
the salted hides (obtained from abroad and Turkiye) and
soaked hides examined. Unless the growth of bacteria on
hides is prevented, some of the bacteria on the salted hide may
diffuse into collagen fibers and may cause loss of elasticity of
leather. It is not easy to kill the bacteria penetrated into the
collagen fibers. Therefore, it is necessary to use more effective
bactericidal applications on these bacteria during the hide
curing and soaking processes. The effect of bactericide which
will be used should be tested on the bacteria isolated from
tanneries before application. If the proteolytic and lipolytic
bacteria cannot be inactivated during hide curing process,
these bacteria may cause quality reduction of leather during
other processes.

ACKNOWLEDGEMENT

This work was supported by the Scientific Research Project
Commission of Marmara University, Project No. FEN-
DKR-290506—-0113. We thank the Scientific Research Project
Commission. We express our appreciation to Derya
Degirmenci and Bilge Ozdogru. We also thank to the tanneries
in Leather Organized Tannery Region, Tuzla-Istanbul,
Turkiye.

REFERENCES

1. Bailey, D.G.; The Preservation of Hides and Skins.
Journal of the American Leather Chemists Association
98, 308-319, 2003.

2. Orlita, A.; Microbial Biodeterioration of Leather and Its
Control: A Review. International Biodeterioration &
Biodegradation 53, 157-163, 2004,

3. Oppong, D., Bryant, S., Rangarajan, R., Steele, S.,
Radwell, D. and Hyllengren, L..; Application of Molecular
Techniques to Identify Bacteria Isolated from the Leather
Industry. Journal of the American Leather Chemists
Association 101, 140-145, 2006.

4. Polkade, AV.; Molecular and Phylogenetic Studies on
Microbial Diversity of Raw Buffalo Hide to be Used in
Leather Manufacturing. Doctorate Thesis, University of
Pune, Faculty of Science, India, Pune 104, 2007.

5. Madigan, M.T., Martinko, J.M., Dunlop, PV. and Clarck,
D.P.; Brock Biology of Microorganisms, 12th ed., Pearson
Benjamin Cummings., 2009.

JALCA, VOL. 105, 2010



326

BACTERIA IN SALT AND SOAK LIQUORS

10.

11.

12.

13.

14.

15.

16.

Birbir, M., Elevi, R., Sesal, C., Vreeland, R.H. and Oren,
A.; Characteristics of Extremely Halophilic Bacteria
Isolated from the Kaldirnm and Kayacik Salterns of
Sereflikochisar Salt Lake in Tiirkiye. International
Conference on Halophilic Microorganisims, Sevilla,
Spain, September, 23-27, 2001.

Birbir, Y., Degirmenci, D. and Birbir, M.; Direct
Electric Current Utilization in Destruction of Extremely
Halophilic Bacteria in Salt That is Used in Brine Curing
of Hides. Journal of Electrostatics 66, 388-394, 2008.
Birbir, Y. and Birbir, M.; Inactivation of Extremely
Halophilic Hide-Damaging Bacteria via Low-Level
Direct Electric Current. Journal of Electrostatics 64,791-
795, 2006.

Bailey, D.G. and Birbir, M.; A Study of the Extremely
Halophilic Microorganisms Found on Commercially
Brine-Cured Cattle Hides. The Journal of the American
Leather Chemists Association 88, 285-293, 1993.

Birbir, M. and Ilgaz, A.; Isolation and Identification of
Bacteria Adversely Affecting Hide and Leather Quality.
Journal of the Society of Leather Technologists and
Chemists 80, 147-153, 1996.

Bailey, D.G. and Birbir, M.; The Impact of Halophilic
Organisms on the Grain Quality of Brine Cured
Hides. The Journal of the American Leather Chemists
Association 91, 47-51, 1996.

Vreeland, R.H. and Bailey, D.G.; Methods of Using Bile
Salt to Inhibit Red Heat in Stored Brine Cured Hides and
Skins, Patent Number 5945027, Docket number 22497,
Serial Number 8906333, Agricultural Research Service,
1999.

Bitlisli, B.O., Karavana, H.A., Basaran, B., Sar1 O., Yasa,
I. and Birbir, M.; The Effect of Conservation Defects on
the Suede Quality of Double-Face. The Journal of the
American Leather Chemists Association 99 (12), 494-
501, 2004.

Rangarajan, R.; Didato, T.D. and Bryant, S.; Measurement
of Bacterial Populations in Typical Tannery Soak
Solutions by Traditional and New Approaches. Journal of
the American Leather Chemists Association 98, 477-485,
2003.

Birbir, Y., Ugur, G. and Birbir, M.; Inactivation of
Bacterial Population in Hide-Soak Liquors via Direct
Electric Current. Journal of Electrostatics 66, 355-360,
2008.

O’Flaherty, F. And Roddy, W.T.; The Chemistry and
Technology of Leather. Volume I'V-Evaluation of Leather,
Reinhold Publishing Corporation, The Science Pres Inc.
Ephrata, Pennsylvania, 1965.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Didato, D., Bowen, J. and Hurlow, E.; Microorganism
Control During Leather Manufacture. Leather
Technologist Pocket Book Chapter 20, M.K. Leafe
editors.. The Society Leather Technologist and Chemists,
East Yorkshire, England, 14, 1999.

Harley, J.P. and Prescott, L.M.; Laboratory Exercises in
Microbiology, 5th ed., The McGraw-Hill Companies,
New York, NY, pp. 93-95, 117-120, 143-144, 161-163, 291-
295, 2002.

Atlas, R.M.; Handbook of Microbiological Media for the
Examination of Food. 3rd ed., CRC Press, USA, pp. 330,
2004.

Birbir, M., Eryilmaz, S. and Ogan, A.; Prevention of
Halophilic Bacterial Damage on Brine Cured Hide with
Halocins. Journal of the Society of Leather Technologists
and Chemists 88 (3), 99-104, 2004.

Birbir, M., Calli, B., Mertoglu, B., Elevi Bardavid,
R., Oren, A., Ogmen, M.N. and Ogan, A.; Extremely
Halophilic Archaea from Tuz Lake, Turkey, and the
Adjacent Kaldirim and Kayacik Salterns. World Journal
of Microbiology and Biotechnology 23, 309-316, 2007.
Schmitt, R. and Deasy, C.; A Test Method to Detect
Delayed Cure in Hides. Journal of the American Leather
Chemists Association 58 (10), 577-587, 1963.
Kallenberger, E.W.; Halophilic Bacteria in Brine
Curing. The Journal of the American Leather Chemists
Association 79, 104-114, 1984.

Birbir, M.; Investigation of Salted-Cured France and
Russian Hides for Halophilic Bacteria. Journal of Turkish
Microbiological Society 27, 68-73, 1997.
Birbir,M.,Ogan, A., Calli, B. and Mertoglu, B.; Enzymatic
Characteristics of Extremely Halophilic Archaeal
Community in Tuzkoy Salt Mine, Turkey. World Journal
of Microbiology and Biotechnology 20, 613-621, 2004.
Weiss, E.F. and Thornton, R.L.; Growth and Control of
Microbiological Activity During Hide Curing Process.
Buckman Laboratories Inc. pp. 18, 1984.

Lollar, M.R. and Kallenberger, E.-W.; Halophilic Bacteria
Thrive in Seasonal Cycles. Journal of the American
Leather Chemists Association, 81,248-264, 1986.
Mitchell, W.; Prevention of Bacterial Damage on Brine
Cured and Fresh Cattle Hides. Journal of the American
Leather Chemists Association 82,372, 1987.

Bailey, D.G., DiMaio, G.L., Gehring, A.G. and Ross, G.D,;
Electron Beam Irradiation Preservation of Cattle Hides In a
Commercial-Scale Demonstration. Journal of the American
Leather Chemists Association 96, 382-392,2001.

Solomon, E.P., Berg L.R., and Martin D.W.; Biology 8®
ed., Thomsom, Brooks/Cole Publishers, 2008.

JALCA, VOL. 105, 2010



