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Abstract  Hides and skins are valuable by-products of meat industry that are processed into a stable material that 
resists bacterial attack and chemical degradation. Temporary preservation of raw hides against microbial attack and 
bacterial decontamination is done using salt and bactericide which poses a major challenge of environmental 
pollution. Nevertheless, microbial and bacterial growth is not fully inhibited even after using these chemicals. 
Bacillus type of bacteria majorly found in raw hides and soaking baths can survive in sodium chloride-cured hides in 
the form of spores thus causing degradation. The control sample, bactericide-treated samples, and irradiated samples 
were evaluated for microbial analyses and showed variation in microbial load. Bactericide-tread hide ensured 
microbial load reduction of 2-3 times to a concentration between 4.7×105 CFU/g and 7.5×105 CFU/g compared to 
the control hide. Samples irradiated at 10 kGy displayed a microbial reduction of 531-866 times to a concentration 
of 5.30×102 CFU/g and 1.41×103 CFU/g. At irradiation doses of 40 and 50 kGy, the samples were found to be 
sterile. The use of gamma radiation for the preservation of hides and skins, therefore, can be used as an alternative 
and eco-friendly approach in the beam house. 
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1. Introduction 

Preservation of hides and skins before processing is 
necessary. Curing process is done to prevent bacterial 
contamination and microbial attack where sodium chloride 
salts are applied [1,2]. Soaking is done on the hides to 
remove curing salts, dirt, and dung. This process 
rehydrates the skin and opens up the fibers for subsequent 
operations [3]. Surfactants and detergents are always 
added to the soaking bath to accelerate the wetting of the 
fiber surface and increase the soaking efficiency as they 
provide an appropriate pH of 9.0-10.0 [2]. Some types of 
bacteria such as Bacillus subtilis, Escherichia coli, 
Proteus vulgaris, and Pseudomonas aeruginosa are 
majorly found in soaking baths due to their conditions 
which offer abundant bacterial growth [4,5]. The growth 
of these bacteria in hides causes rot, with an initial sign 
being a foul smell [6]. Bacillus species of bacteria can 
survive in cured hide in the form of spores due to low 
value of pH until the final stages of leather processing [7]. 
Antimicrobial agents (fungicides and bactericides) are 
added to the soaking bath to curtail bacterial activity or 
bacterial development [8,9]. However, the leather industry 
faces significant environmental issues from pollution as a 

result of stringent government regulations. 
Alternative and eco-friendly curing systems are 

necessary for final leather quality. Enzymes have also 
been used as soaking agents as an alternative to chemicals 
to develop an environmentally friendly leather processing 
process [10]. Previous studies have adopted a more eco-
benign approach by using sodium chloride-less or sodium 
chloride-free methods of curing raw hides. A sodium 
chloride-less technique of using inert compound silica gel 
[11,12], has been proposed over the conventional sodium 
chloride curing method. Similarly, sodium sulphate (Na2SO4) 
which has comparable properties to sodium chloride but no 
chloride ions in its formulation, was investigated as a curing 
agent alone and in combinations with sodium chloride for the 
preservation of goat skins and buffalo hides [13,14]. 
However, gamma radiation has shown tremendous 
possibility of preservation of not only semi-processed hide 
(wet-blue, split wet-blue, and crust) which are treated with 
synthetic antifungal chemicals with allergenic potential for 
the leather final product [7]. Antibacterial sterilization has 
been performed with doses of 25 kGy while fungicidal 
treatments with doses of 2-10 kGy and disinfection with 
doses of 0.2 kGy mostly for cultural heritage objects made 
of wood, paper, and textiles [15]. Therefore, this study 
seeks to determine the potency of gamma radiations in the 
preservation of pelt after the soaking process. 
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2. Materials and Methods 

2.1. Sample Preparation 
Freshly flayed bovine hide of mass approximately 30 

kg was purchased from the abattoir. Temporary 
preservation of the hide was done by salting before being 
presoaked in 200 % water and 1% detergent by weight for 
approximately 45 minutes to remove dirts. Seven [7] 
samples of 100 g each were cut under aseptic conditions 
and Six samples irradiated at doses of 0 (control), 10, 20, 
30, 40, and 50 kGy. The non-irradiated sample proceeded 
for main soaking in 200% water and 1% bactericide for 12 
hours. A 100 g sample was cut after main soaking process. 

2.2. Gamma Irradiation 
The five-100 g samples cut after soaking were irradiated 

at KALRO Biotechnology Research Institute (Muguga) 
with a 60Co gamma radiation source (Model GC 220E) at 
room temperature and normal atmospheric conditions. 

2.3. Media Preparation and Glassware 
Sterilization Gamma Irradiation 

All glassware used was soaked overnight in detergents, 
rinsed using distilled water, and air-dried. Plate count agar 
medium was prepared and sterilized by autoclaving at 
121°C for 15 minutes. Petri dishes were also sterilized in 
an oven at 160°C  for one hour. 

2.4. Isolation of Bacterial Load  
Bacteria from the control sample, samples soaked in 

bactericides and irradiated were collected by washing the 
samples with 50 ml of distilled water in a basin. Testing 
was performed under aseptic conditions to prevent 
contamination. Serial dilution process was done for each 
sample treatment until a bracket with desired cell 
concentration (30-300 colonies) for accurate counting was 
achieved. Plate count agar medium was used as an 
inoculating medium and pour plate method was used for 
plating. After plating, the samples were incubated for 24 
hours at room temperature and normal atmospheric 
conditions which is suitable for microbes to grow. 
Colonies on the plates were counted using the plate count 
method and the colony forming units/g (CFU/g) was 
calculated using the equation below:  

 No. of  colonies dilution factorCFU / g
volume of  culture plated

×
=  (1) 

3. Results and Discussion 

3.1. Effect of Gamma Irradiation on 
Microbial Growth at Preservation Stage  

Temporary preservation of rawhides is widely based on 
the application of sodium chloride salt with the aim of 
dehydration and bacteriostatic effect. Bacterial growth on 

hides causes putrefaction, with an initial sign being a foul 
smell [6,7]. 

The results in Figure 1 indicate that the microbial load 
for control samples ranges between 1.30×106 CFU/g and 
2.53×106 CFU/g while for bactericide-treated samples 
ranged between 4.7×105 CFU/g and 7.5×105 CFU/g. 
From the results, there was a significant difference (p = 
0.0049) between the treatments used. The bactericide used 
during soaking ensured a microbial load reduction of 2-3 
times to a concentration between 4.70×105 CFU/g and 
7.50×105 CFU/g compared with the control hide state. 
This implies that the bactericide used inhibited the growth 
of bacteria. Nevertheless, some bacteria did survive and 
multiply even after preservation which degrades the final 
quality of leather. However, after curing with sodium 
chloride and bactericides, the microbial load was observed 
to be still high which means that bacteria resistant to curing 
were present and proliferating [16]. Bacteria that can 
survive in cured hides are called halophilic bacteria. 
Halophilic bacteria have a destructive role in sodium 
chloride cured hides because they have special proteases 
and lipases that can digest substances in the cured hides [6].  

 
Figure 1. Microbial load for control and bactericide-treated hide 

Considering the high level of bacterial load on control and 
bactericide-treated hide, five gamma irradiation doses (10, 20, 
30, 40, and 50 kGy) were selected as an alternative approach 
for hide preservation. The effect of gamma radiation on the 
microbial load was evaluated and represented in Figure 2 
which showed that irradiation reduced the microbial load 
with increasing doses of radiation.  

 
Figure 2. Bacterial load representation of gamma-irradiated samples 

From Figure 2, samples display a decreasing trend in 
the number of microbial loads as the dose of radiation 
increases. Microbial load on samples irradiated with 
gamma radiation was found to be lower as compared to  
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control and bactericide-treated samples. One sample 
irradiated at doses of 20 and 30 kGy was found to be 
sterile and the others non-sterile. For samples irradiated at 
20 and 30 kGy, the microbial load is almost similar (395 
and 392 CFU/g on average respectively). In comparison 
with bactericide-treated hide, samples irradiated with 10 
kGy doses of radiation had microbial load reduced by 
531-886 times. Samples irradiated at 40 and 50 kGy were 
found to be sterile. These samples ensured microbial 
reduction of 1877.5×103 times compared to control hide 
and 597.5×103 times compared to bactericide-treated hide.  

The presence of non-sterile samples when irradiated 
with 20 and 30 kGy doses of radiation was attributed to 
samples being hydrated following the soaking process, 
which created favorable conditions for bacteria to 
proliferate and survive before testing. However, 
irradiation in the presence of oxygen or ambient 
temperature leads to increased sensitivity of the bacteria to 
radiation. Before microbial evaluation, the irradiated 
samples were packed in non-sealable polythene bags 
which might have allowed microbes from the surrounding 
environment to get into the samples thus further attacking 
the hide. Bacillus species of bacteria can survive in the 
form of spores after hide curing [7] and are also resistant 
to radiation [17]. The dehydration that comes from the 
osmotically removed water from the endospore’s core 
plays a significant role in the endospore’s resistance to 
radiation. Additionally, the little acid-soluble proteins 
inside the endospores saturate the DNA of the endospore 
and shield it from radiation [17]. The presence of bacteria 
in the samples irradiated at 20 and 30 kGy was because 
the ionizing radiation subjected may have not caused 
damage to the nucleic acid of the bacteria but damaged the 
enzymes and proteins which did repair with time [17]. The 
samples irradiated at 40 and 50 kGy showed sterility 
because the gamma radiation did damage the nucleic acid 
of the bacteria. 

4. Conclusion 

With the uncompromising policy on environmental 
pollution faced by the leather industry, the application of 
green technology during preservation of hides and skin is 
more considered in tanneries. In this work, the samples 
were treated with bactericide and gamma radiation with 
doses of 10, 20, 30, 40, and 50 kGy. Control and 
bactericide-treated samples had a significant reduction (p = 
0.00485) in the bacterial load. Irradiation of samples with 
gamma rays ensured sterilization at doses from 40 kGy and 
reduced microbial load at doses up to 30 kGy thus considered 
an ecological approach to hide preservation in tanneries.  
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