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Abstract

Wet salting of bovine hide commonly utilizes 95% saturated salt
solution or 40-50% salt (w/w) on raw hide weight for preservation.
The salt used for the hide preservation ends up being in wastewater
and generates enormous environmental pollution. To minimize the
environmental pollution problem associated with the traditional
method of hide preservation, alternative formulations containing
antimicrobial agents and less amount of common salt (35%
saturated brine) have been developed. The alternative formulations
were found to be more effective in deterring microbial growth than
the traditional formulation as demonstrated by the total aerobic
bacterial count of the preserved hide soaking liquor. The effect of
the newly developed formulations on leather quality was assessed by
analyzing the mechanical properties, scanning electron microscopic
images, grain pattern and organoleptic properties of the finished
leather. The quality analysis of the crust leather revealed that, the
leather panels produced from the traditionally and alternatively
preserved hides were comparable. The environmental impact of the
newly developed formulations was also evaluated by monitoring the
leather processing eftluents for the pollution indicators such as total
solids (TS), total dissolved solids (TDS), chloride content, Chemical
oxygen demand (COD) and Bio-Chemical oxygen demand (BOD).
Overall, the environmental impact of the newly developed hide
preserving formulation was less severe than the traditionally used
formulation. Since the newly developed formulations did not
affect the quality of the leather produced and their impact on the
environments is minimum, they could be considered as viable
options for combatting pollution problems associated with the
traditional salt curing method.

Introduction

Bovine hides and skins are non-edible byproducts of the meat
industry and they are the main raw materials for leather production.
Preservation of raw hides is the first step in the leather production
process and it must start right after the raw hide is collected from
the slaughterhouse, otherwise the hide will start losing its integrity
because of putrefaction. The major component of fresh hide is
moisture (60-70%) and the proteins (collagen, elastin, keratin)
constitute about 30% of the hide. The integrity of raw hide is an
important factor in producing a good quality leather. A variety of
microorganisms are found on animal hide and these microorganisms
come from different sources such as air, water, soil, manure and
others."? The natural defense system protects skin of living animal
from being attacked by bacteria and other microorganisms but the
flayed skins become a source of bacterial growth within 5 to 6 h of
removal because of the favorable moisture conditions.’ The normal
microflora growing in a hide produces proteolytic and collagenolytic
enzymes that damage structural proteins resulting in deterioration
ofhide. Since the quality of the produced leather relies on the amount
of important proteins in raw hide, it is vital to protect proteins from
decomposition during hide preservation process.*

The main objective of hide preservation is to prevent putrefaction
and this is achieved by either killing the microorganism (using
bactericidal agent) or by inhibiting the growth of the microorganisms
(using bacteriostatic agents) on hides. The bactericidal agents used to
kill the microorganismsare usually expensive and not safe to humans
or living species. Bacteriostatic agents are dehydrating agents
commonly used in bulk like sodium chloride which is responsible
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for generating salt pollution problems. Pollution problem is assessed
by measuring total dissolved solid (TDS) and chloride content in
the salt bearing effluents that come from leather processing facility
because of the soaking operation.’

Traditionally, hide curing is accomplished by soaking the raw hide in
95% saturated salt solution. Close to three fourth of the salt used goes
to the discharged stream during soaking, which contributes to more
than 40% of total dissolved solids in the tannery wastewater creating
huge amount of salt pollution in the environment.*” When the tannery
wastewater is dumped to the open field, the high salinity prevents
seed germination and the growth of seedlings and other floras.?
Furthermore, when soils are watered with saline waste, salt is likely
to accumulate in the field due to low-soil permeability, inadequate
drainage and rainfall. The accumulated salt has a harmful effect on
crop production and seriously impacts the environmental.”'*!! The
discharged salt also causes adverse effect on quality of water and
growth of plants by influencing the solubility and release of heavy
metals.!>'>!* Therefore, it is very important to develop eco-friendly
hide preservation method where no salt or less salt is utilized.

Many researchers have been actively involved in the development
of alternative hide preservation methods with less environmental
impact. The alternative methods that have been published could be
categorized into the physical and chemical methods of curing hides.”®
The physical methods include cooling,' cooling in vacuum,"” drying
chamber'® and gamma rays or electron beam based irradiation.'”*
Even though these physical methods are environmentally friendly,
most of them are expensive and they have not been adopted in a hide
processing facility. For the chemical methods, the chemicals that have
been explored for hide preservation include potassium chloride,”
soda ash,” benzalkonium chloride,” antibiotics,* neem oil*® and
boric acid.* However, because of various reasons such as high cost,
toxicity, inadequate curing efficiency, severe environmental impact

and poor leather quality, most of the chemicals have not found
commercial application.

As part of our effort to develop an alternative and environmentally
friendly curing method, we previously reported” the effectiveness
of 35% saturated brine solution in combination with three different
biocides in preserving hides for more than a month. This method
decreased salt usage by around 60% when compared to the commonly
used 95% saturated salt solution. The effectiveness of the developed
formulations on hide preservation were evaluated and reported by
monitoring different parameters including water activity, microbial
growth, texture, moisture contentand microscopicanalysis of the cured
hide during the preservation period. The developed formulations were
found to be effective in limiting bacterial growth, controlling yeast
and mold growth during more than 30 days of storage.”” This study is
a continuation of the previously reported findings and here we report
the effect of the developed formulations on produced leather quality
and the impact of the formulations on the environment compared to
the conventional hide preservation method.

Experimental

Materials:

Fresh bovine hides were obtained from the local meat packing
company, JBS Packerland (Souderton, PA). Each hide was cut into
smaller pieces of equal size (12 in x 12 in) that weighed approximately
420-700 g. All the compounds used to prepare the formulations are
described in Table 1. They were purchased from vendors as mentioned
in part 1 published article”” and they were of laboratory grade at the
time of use. Brine solutions were prepared by dissolving the required
amount of salt in tap water at room temperature and the saturation
level was confirmed with a salometer. The formulations were prepared
as described in Table I by dissolving the chemicals in tap water at room
temperature (~22°C) and ~12 h prior to conducting the experiments.

Table I

Composition of the developed hide preserving formulations

Formulations Composition

F-A (control)

95% saturated brine soln. + 0.043% NaOCl (v/v)

F-B 35% saturated brine soln. + 0.4 % tBAC (v/v) + 0.25% tNa-B
F-C 20% saturated brine soln. + 1% LA + 0.25% Na-B
F-D 35% saturated brine soln. + 1% LA + 0.25% Na-B + 0.15% NaOH + 0.1% Tween 20
F-E 35% saturated brine soln. + 1% LA + 0.25% tOIT + 0.1% Tween 20
F-F 35% saturated brine soln. + 1% LA + 0.4 % BAC (v/v)
0 _0° NE

‘Na-B: Sodium benzoate 'BAC: Benzalkonium chloride ‘OIT: 2-n-octyl-4-isothiazolin-3-one
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Laboratory Scale Hide Preservation Protocol

The hide pieces were cured by soaking them in 150% float (volume
of solution/weight of hide) separately in a 6-in-1 Dose drums
which was set to tumble the hide at 6 rpm (Dose Maschinenbau
GmbH, Lichtenau, Germany) for 18 h. The control was treated with
saturated salt solution (95%) and 0.043% (v/v) bleach (NaOCI) (F-A,
Table 1) which is the traditional hide preserving formulation. For
the alternative formulations (F-B to F-F, Table 1), a 35% saturated
salt solution with different antimicrobials was used in common
except F-C, where 20% saturated brine was used. After allowing the
treatment for 18 h, extra water was removed from the hide surface
and then, they were folded and stored in a humidity chamber at
38-40°C. The hide pieces were periodically observed for possible
physical changes such as smell and hair slip which would indicate
hide deterioration. The effectiveness of the new hide preservation
formulations was evaluated by determining different parameters as
described in our previously published studies.”

Analysis of Soaking Liquor Generated in Leather Processing
After 35 days of preservation, the hide samples were soaked with
200% (v/w) float of water for 4 h. Then, the soaking liquor of the
differently preserved hides was quantitatively measured and
analyzed for various pollution load parameters including total solid
(TS), total dissolved solid (TDS) and chloride (Cl') content according
to accepted analytical procedures.”®****3" Aerobic bacterial colony
count, Total carbon (TC) and organic carbon (TOC), biochemical
oxygen demand (BOD) and chemical oxygen demand (COD) of
soaking liquid were also measured to evaluate the overall pollution
load resulting from the soaking operation, the first step of leather
processing.”®

Aerobic Bacterial Count of the Soaking Liquor

The soaking liquors from the preserved hide pieces were collected
separately and placed in sterile vessels to determine residual aerobic
bacterial concentrations. Sterile water was used to prepare serial of
dilutions of the collected 1 ml soaking solution. The diluted soaking
liquor sample was spread on Tryptic Soy Agar plate and incubated at
37°C for ~24 h. The bacterial colonies were enumerated on the agar
and the bacterial population is reported in log CFU/ml. All soaking
liquor samples were repeatedly checked three times.

Yeast and Molds Colony Count of Soaking Liquor

Previously published procedure*” was followed to count yeast and
molds colonies in the soaking liquors. Dichloran Rose Bengal
chlortetracycline (DRBC) agar was used for this analysis, where
DRBC is selective for yeast and mold growth and inhibits bacterial
growth. Yeast and molds colonies were enumerated after 4 days of
incubation at 22-25°C and expressed as log CFU/mL.

Measurement of TOC and COD in Soaking Liquor
TOC and COD of the spent liquor from the soaking operation were
quantitatively determined according to the procedure described in

our previous article.?® The results are reported in terms of g/kg of
cured hide.
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BOD Analysis of Soaking Liquor

The biochemical oxygen demand (BOD) of soaking liquor represents
the amount of oxygen utilized by the microorganisms (biochemical
processes) to degrade the organic matters present in the sample.
This is a parameter of measuring biodegradable materials in
soaking solutions. The BOD measurement was conducted for 5 days
according to the previously published procedure.?

Tanning Operation of Cured Hides

Following the soaking operation, the hide pieces cured with
developed formulations were put in one hair removing drum and
the control was put in a different drum. The dehairing process was
carried out according to the USDA tanning protocol.’>**** Then all
the hide samples were put into a single drum for pickling, tanning,
re-tanning, coloring, and fat liquoring steps. The cured hides were
processed into crust upper shoe leather and stored in a controlled
environment, where the temperature and humidity are maintained
at 21°C and 50% (relative humidity) respectively, until the quality
tests were performed as described below.

Determination of Leather Quality

The effect of the newly developed hide preserving formulations
on leather quality was determined by measuring the mechanical
properties of the finished crust leather. The mechanical properties,
which included tensile strength, elongation (“stretchability”),
Young’s Modulus (“stiftness”) and fracture energy (“energy required
to open unit area of crack surface”) were determined as per the
procedures mentioned in previous article.?® Subjective tests (break,
handle, fullness and color) on the finished leather products were
conducted by in-house (USDA) leather expert.

Microscopic Leather Surface Analysis

Finished leather panels produced from the control and alternatively
cured hides (F-A to F-F) were analyzed under a stereo microscope
to determine if there is any difference in the grain structure of the
finished leather panels. Moreover, scanning electron microscope
(SEM) images were examined to evaluate the impact of the new hide
preserving formulations on the leather surfaces at microscopic level.
The stereo microscope and SEM images were taken according to the
published procedures.?

Results and Discussion

Five newly developed formulations were evaluated for their
effectiveness in preserving bovine hides as well as for their
environmental impact. The formulations were made by mixing 35%
saturated brine solution (in one case 20% saturated brine solution)
with different biocidal agents. These new formulations reduce salt
consumption by about 60% in comparison to the traditional hide
curing method. The efficacy of these alternative formulations in
hide curing has been communicated in recently published article.?’
To address the pollution problem associated with the leather
processing, an alternative method to conventional salt curing needs
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to be developed. For the five alternative formulations, benzalkonium
chloride (BAC), sodium benzoate (Na-B), 2-n-octyl-4-isothiazolin-
3-one (OIT) and lactic acid (LA) have been used as biocides dissolved
in low concentrated brine as described in Table I. To briefly describe
some of the chemicals used in the formulations: sodium benzoate
(Na-B) is an FDA approved food additive and is capable of stopping
bacteria from reproducing. It also inhibits fungus growth.* BAC is
a quaternary ammonium compound which is active against gram-
positive and gram-negative bacteria and it is also used as a hide
preservative.*® 2-n-octyl-4-isothiazolin-3-one (OIT) is a biocide
which has found application in paints, coatings, inks, household-
cleaning products, building materials, plastics, textiles and wood
treatment solutions.” OIT is water miscible and gets rapidly
biodegraded to materials that are in turn readily biodegradable,
therefore it is unlikely to persist in the environment. In addition,
biological wastewater treatment can remove OIT from wastewater,
so it has a low risk to be accumulated in the food chain and exhibits
low toxicity to soil microorganisms, earthworms and birds.* Lactic
acid is an FDA approved antimicrobial agent which is commonly
used to control microbes in animal carcass and it is also known to
be used as a humectant to attract moisture and enhance hydration of
the skin, making it useful in reducing the roughness and scaling of
the skin.*****! This research is conducted to overcome the pollution
problem associated with the use of saturated brine as a hide curing
solution. The new alternative hide curing formulations reduce the
salt usage by 60% compared to conventionally used formulation.
In this article, we have reported the impacts of using the newly
developed hide preserving formulations on the quality of leather and
on the environment. In terms of impact, also a comparison study
between the alternative and traditional method of leather processing
has been evaluated.

Effect of the Developed Formulations

on Limiting Bacterial Growth

The effectiveness of the newly developed hide curing formulations
on limiting bacterial growth was determined by counting the
aerobic bacterial colony of the soaking liquor of the preserved hide
samples after 35 days of storage. The bacterial count was quantified

TSA-Bacterial content (Soaking liquor)

LogCFU /ml
N
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Figure 1. Total Aerobic Bacterial colony count of the soaking liquors from
differently preserved hide samples

and expressed in log CFU/mL as shown in Figure 1. Hide sample
treated with F-C was putrefied after 21 days of storage and removed
from further investigation. Deterioration of the hide piece was
characterized by discoloration, full hair slip and pungent odor. This
may have resulted due to the insufficient amount of dehydrating
agent (salt) used with F-C. In general, the bacterial counts for all
other alternative formulations are lower than the control except for
E-D. Especially, F-E and F-F showed the best efficacy in limiting
the aerobic bacterial growth on hide surface throughout the storage
time of 35 days. Soaking liquors for F-E and F-F count 2.92 and
6.38 log CFU/mL less than the control suggesting that the newly
developed formulations are more effective to preserve hide from
bacterial attack compared to the control during the storage period.

Effect of the Developed Formulations

on Limiting Yeasts and Molds

All the newly developed formulations are found more effective
compared to the control (F-A) in limiting yeast and mold growth
according to the colony counts in soaking liquors (Figure 2). Yeast
and mold recoveries from the soaking liquors are lessen by 4.21, 1.14,
3.88 and 2.64 log CFU/mL for F-B, F-D, F-E and F-F respectively in
comparison to the control (F-A).

Determination of Chloride Content
The chloride content in soaking liquor directly reflects the salinity
in tannery wastewater.

From Figure 3, it is clearly shown that, the amount of chloride
content in soaking liquors from alternatively preserved hides is
much less than that from conventionally cured hide (F-A). The
chloride content reduction in soaking liquors resulted from the
less usage of salt during hide preservation. In comparison to the
control, F-D, F-E and F-F formulation treated hides generate 60,
52 and 26% less salt-waste respectively, in their soaking liquors.
The variation in chloride content recovery was evolved mainly
from the differences among the hide samples, although some of
the saturated brine solution was used for curing. The more the

Yeast and Mold count by DRBC

LogCFU/ ml
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F-A F-B F-D F-E F-F
Figure 2. Yeast and molds colony counts of soaking liquors from differently
preserved hide samples
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Chloride content
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Figure 3. Chloride content (in gram) of used liquid produced from soaking 1 kg
of preserved hide.

salt hide samples absorb during curing the more they will release
during soaking. The salt absorbing capability of hide samples may
vary for the presence of different amount of unexpected materials
on internal hide surface, such as fats or associated meat even after
using fleshed hide. However, the overall result demonstrates that,
upon adoption, the alternative formulations will have much less
post leather processing impact to the environment in comparison
with the control.
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Figure 4. a) Chemical Oxygen Demand (COD) b) Total Organic Carbon (TOC)
values of the soaking liquors of the hides preserved by each formulation. Both
the values are expressed in g/Kg of cured hide.
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Measurement of TOC and COD in Soaking Liquor

The COD and TOC results are found to be similar to each other with
the highest value for F-B treated sample (Figure 4). For the other
alternatively treated samples (F-D, F-E and F-F), COD and TOC
values are significantly less than the control. The possible reason of
having the highest TOC and COD values for F-B is that it contains
the antimicrobial agents with the high number of carbon atoms
compared to other antimicrobial agents used and therefore, a large
amount of oxygen is needed to oxidize those carbons coming from
the antimicrobial agents. On the other hand, the high COD and
TOC values for the control (F-A) is related to the growth of bacteria,
yeast and molds which is consistent to the results found in Figure
1 and 2. The presence of high level microorganisms during the
hide preservation leads to degradation of proteins resulting in high
carbon content in the soaking solution, which in turn requires large
amounts of oxygen for the oxidation process.

Determination of BOD in Soaking Liquors

BOD analysis on the soaking solutions of the differently cured hides
was carried out over a five-day period. As shown in Figure 5 the
BOD load of the soaking liquor of the control is higher than the
soaking liquors of alternatively cured hides. According to 5" day
data, a 31 to 94% lower BOD load is recorded for the soaking liquors
of alternatively preserved hides than the traditionally cured hide.
The high BOD value for the control (F-A) could be because of the
presence of high concentration of living microorganism (bacteria,
yeast and mold) and also the subsequent microbial degradation of
the hide. This is consistent with the bacterial, yeast and mold colony
count results shown in Figure 1 and 2. The rapid increase of BOD
value for F-A in the first 40 h also suggest the presence of high
concentration of living microorganism in soaking liquor initially.
In addition to the other biochemical substances, the dead cells of
microorganisms could serve as a source of nutrients for the living
cells present in the soaking liquor.
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Figure 5. Biochemical Oxygen Demand (BOD) values of the soaking liquor
measured over 5 days period.
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Figure 6. Solid pollutants generated from soaking process of 1 kg of differently cured hides: Total Solid (TS) and Total Dissolved Solid (TDS).

Determination of Solid Pollutants in Soaking Liquors

According to Figure 6, most of the soaking liquors from alternatively
cured hides result in a significant decrease in both total solid (TS)
and total dissolved solid (TDS) loads. Specially, F-D and F-E brought
down the solid pollutants by more than 50% when compared to the
control (F-A). This significant reduction in the TS and TDS values is
because of the reduction in the amount of salt used for preservation
with the newly developed formulations.

Quality Analysis of Crust Leather

Following the USDA standard tanning protocol, the hide pieces,
preserved by the traditional and the newly developed formulations,
were processed into crust upper shoe leather.

Grain Surface Analysis of Leather

The grain structure of each finished leathers was analyzed under
a stereo microscope. The analysis was conducted to see the effect
of each formulation on the surface fineness or coarseness of the
crust leather. As shown in Figure 7, no noticeable difference was
observed between the grain structure of leather produced from
the traditionally cured hides and leathers produced from the
alternatively cured hides. To further evaluate the surface feature
of the crust leather a stereo microscopic image was captured at
the crease upon folding the leather panels (Figure 8). Again, there

Figure 7. Stereo microscopic images of the crust shoe leather made from hides
cured with different formulations.

was no noticeable difference between the leathers produced from
the differently cured hides, indicating that none of the developed
formulations caused harm to the hide grain.

Surface Analysis of Crust Leather using Scanning

Electron Microscope

Surfaces of the crust leather produced from the traditionally and
alternatively preserved hides were analyzed using SEM at 100 x
magnification. As shown in Figure 9, there was no significant difference

Figure 8. Stereo microscopic images of the leathers at the crease

Figure 9. SEM surface images of crust leathers from the differently preserved
hides
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Figure 10. Mechanical properties of the finished leathers made from hides cured with the different formulations

observed when the experimental samples (F-B to F-F) were compared
with the control (F-A). Therefore, no detrimental impact from the
newly developed hide curing formulations on finished leather.

Determination of Mechanical Properties of Leather

From Figure 10, it is evident that the new hide preserving formulations
donothaveanyadverse effect on the finished leather in terms of property
analysis (Tensile Strength, Young’s Modulus, Fracture Energy and
Elongation). The overall mechanical properties of the leather produced
from the experimentally preserved hides were found comparable or
even better than that produced from the control. For instance, leather
produced from F-E cured hide exhibited improved property in every
parameter as shown in Figure 10 in comparison to the quality of leather
yielded from traditionally preserved hide sample (F-A).
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Subjective Test Analysis of Leather

In-house expert on leather assessed the crust shoe leather panels for
their fullness, softness, color, grain tightness (break) and general
appearance by hand and visual examination (Figure 11). The
subjective test results were expressed on a scale of 0-5 points with 0
being the worst and 5 being the best subjective test outcome.

The leathers produced from the experimentally cured samples
displayed similar fullness, grain, handle, color and general
appearance. Overall, the alternatively preserved hides produced
leathers of similar quality to the traditionally processed leather (F-
A), indicating that the biocides utilized with the new formulations
do not damage the hides.

=F-B xF-D =F-E «~F-F

General
Appearance

Color Grain

Figure 11. Organoleptic evaluation of crust leathers from differently cured hides
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Conclusion

The inventive formulations have demonstrated to be effective in
preserving bovine hides by preventing bacterial growth on the
hides better than the traditional formulation (95% saturated salt
solution) for 35 days or more. The new formulations utilize around
35% saturated brine solution, which is around 60% reduction in salt
usage compared to conventional formulation. While the dehydrating
brine of the formulation keeps the moisture level of the preserved
hide low creating inconvenient condition for the microbes to grow,
the low concentration antimicrobial agents inhibits or kills the
bacteria simultaneously. The environmental impact studies reveal
that pollution loads of the process discharge from the alternatively
cured hides are significantly lower than the traditionally cured
hide as demonstrated by the measured values of chloride content,
TOC, COD, BOD, TDS. From the SEM surface images, mechanical
properties, grain pattern analysis and organoleptic evaluation, the
newly developed formulations do not appear to have any negative
effect on the finished crust leather. The results of all the experiments
conducted in this study suggest that, these new formulations could
be considered as viable alternatives to the conventional salt curing
formulation.
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