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Abstract: Microbes are living organisms, they carry out extremely useful processes and they are the best preferable 

sources of proteases with compared to plant and animal. Proteases are physiologically necessary for almost all 

living organisms such as bacteria, fungi and viruses.  It is multipurpose group of enzymes which mainly produced 

from microorganism and used in various industries such as detergent, silver recovery, food, pharmaceutical, 

leather, and textile industries . This work aimed to isolate protease producing  bacteria from local habitat for use as  

polyester recovery from waste X-ray film. Isolation of protease producer was undertaken using skim milk agar 

medium. A total of 47 protease positive bacteria were isolated from the study area. Ten isolates were screened for 

gelatin hydrolysis test and out of ten; two potential isolates (Abc2 and Abc5) were selected based on gelatin 

removal efficiency. All ten isolates were found to be positive for Gram reaction, citrate utilization, catalase; motile 

and rod shaped morphology. However, they found to be negative for methyl blue test. The crude enzyme from 

isolate Abc2 and Abc5  were digested gelatin layer on waste X-ray film at 30
o
C in 120 and 140 min res pectively. 

Used X-ray film was lost 5.6%  of i ts weight after treatment of film with crude enzyme. These properties suggest 

that protease enzyme produced in this study could find potential application in silver recovery process and reuse of 

polyester sheet which have an economic implication besides mitigating the risk of our environment.  

Keywords: Polyester Recovery, X-Ray Film, Gelatin, Protease, Hydrolysis. 

1. INTRODUCTION 

Almost All form of life (animal, p lant and microbes) on earth constituent’s protease enzyme for their physiological 

function. Microbes are ubiquitous and live in familiar setting such as Soil, water, food, and animal intestines, as well as in  

more extreme setting such as rocks, glaciers, hot springs, and deep-sea vents. The beneficial microbes are fascinating, 

versatile and carry out extremely useful processes that can’t be achieved by other physical and chemical means. 

Proteolytic enzymes from microbial sources are preferred over the enzymes derived from plant and animals due to their 

susceptibility for genetic manipulation [1, 2, 3]. Currently, microbial proteases represent one of the largest groups of 

industrial enzymes and account for approximately 60% of the total industrial enzyme sale in the world.   

Microbial p roteases are one of the most important groups of enzymes, used in  various industrial processes as food, 

pharmaceutical and detergent industries, as well as in the preparation of leather, text ile  and wool, among others  [4, 5, 6]. 

It has also promising application in medical usage and management of industrial and household waste. The use of 

microbial system (enzymes) is the best alternative for generation of pollution free industries [7, 8, 9]. 
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Recovery of silver and polyester sheet from waste X-ray film is possible through biological treatment. The conventional 

method for recovery of silver is burning and chemical treatment of the films directly. This generates undesirable foul 

smell and environ mental pollution. In  addition polyester film on which  emulsion of silver and gelatin  is coated cannot be 

recovered. Microbial proteases are being used as best alternatives to the burning and chemical methods of silver recovery 

from waste X-ray  films  [10, 11]. This not only helps in ext racting silver, but also the polyester film base can be recycled. 

Microbial protease has a significant potential for hydrolysis of gelatin layer and as result releases silver from waste 

photographic film [12]. Bearing in mind this crit ical factor, effort should be directed to search microorganisms which  

produce proteases with high stability in the environment of silver recovery process. These all contribute toward the idea of 

clean technology and environmentally friendly approach for the welfare human being.  

Considering these vital and unlimited industrial applications of microbial product, there is a need to effort by investigatin g 

new microorganisms because they are the major sources of all commercially important enzymes. In this regard, 

microorganis ms have still potential to produce enzymes, even though production cost of the enzyme is the critical issue 

[12, 13, 14].  

Silver is a valuable metal used in photographic and X-ray film, which is considered as an important source of silver metal 

after recycling of used films compared to other types of films. X-ray films contain about 1.5 to 2% rat io of silver in  

gelatin-coated film made from polyester layer. And it can restore this quantity of silver by dissolving gelatin layer in  

alkaline protease to be used for other purposes. X-ray film is a rich  source of silver, which  is distributed in  the gelatin  

layer [6]. Proteases represent one of the three largest groups of industrial enzymes. The most important applicat ions of 

protease are used in laundry detergent, leather processing, brewing, food and pharmaceutical industries [2]. 

In fact, Ethiopia have broad microbial d iversity, however, protease producing bacteria for silver recovery have not yet 

been explored. Therefore a research project  has been init iated with the object ives of isolating protease producing bacteria 

from local environment for polyester recovery from waste X-ray sheet. The output of the work help  for re-use of polyester 

from waste X-ray film which minimize the foreign currency beside protection of the environment from pollution. 

2.   METHODOLOGY 

2.1. Description of the Study Area: 

Arba Minch located in the Gamo Gofa zone of the southern nations, nationality, and people region. About 500 kilo  meter 

south of Addis Ababa at an elevation of 1285 meter above sea level. It is the largest town in Gamo Gofa zone and the 

second town in SNNPR next to Hawasa. Is located to the west lake of Abaya the annual rare  fall in Arba Minch regions 

from 623.5mm to 1061 mm and the temperature is 32
o
C the alt itude ranges from 2200 to 1400m above sea level the most 

common vegetation type grow in Arba Minch are mango tree, banana and acacia plants [15]. 

Arba Minch University (AMU) is one of the well-established universities found in the Southern Nations, Nationalities and 

People's Region (SNNPR). It is located at Arba Minch town. The main  campus of the university  is situated at the eas tern 

foot of Gamo mountain ranges and 3.2. adjacent to the vast low land stretching towards Lake Abaya and Lake Chamo 

which form part of the East African Rift Valley  [15]. This study was conducted in Arba Minch University particularly  

Abaya campus. The study was focus on the isolation and screening of protease producing bacteria from local environment  

for silver recovery from waste x-ray  film. This study not only conducts in Abaya campus by collecting soil samples from 

Arba Minch main campus abattoir, water from Chemo Lake and another soil sample from Abaya campus cafeteria waste 

disposal. In this research was used primary source of data by gathering through doing experiment in Arab Minch 

University Abaya campus. 

2.2. Sample Collection and Isolation of Proteolytic Bacteria: 

Soil and water samples were co llected aseptically from three different environments around Arba Minch town like 

abattoir, Abaya campus and Lake Chamo using sterilized bottle. Each sample was kept in clean sterile sample bottles 

sealed and transferred to the plant biotechnology laboratory and stored at 4
0
C.  
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Figure 1 Sample collected Area: (A) abattoir waste disposal; (B) Abaya campus cafeteria waste and (C) Lake Chamo  

2.3. Isolation and Screening of Protease Producing Bacteria: 

2.3.1. Isolation of Protease Producing Bacteria: 

The soil samples were suspended in water by vigorous vortexing and serial dilutions were made up to 10
-6

 in sterile 

distilled water. 0.1 ml of appropriate dilution were spread on skim milk agar p late (see table1) at pH 8 and incubated at 

37
0
C for 48 hrs.  Clear zone forming (proteolytic) bacteria were screened and purified by streaking on skim milk agar. 

The cultures were subsequently sub-cultured and used regularly. Appearance of clear zone around bacterial co lonies 

indicates hydrolysis of skimmed milk due to secretion of protease by the organism [5]. 

Table 1 Composition of milk agar Medium required for isolation of protease producing bacteria 

S.No Component Concentration in (  g /l) 

1 Peptone 10 

2 Meat extract 5 

3 NaCl 20 

4 Agar 20 

5 Skimmed milk 100 

2.3.2. Screening of Potential Isolates: 

The bacterial strains were screened based on the size of clear zone formed on the skimmed milk agar p late. A bacterial 

strain with larger clear zone was screened and selected for further study from each site. Finally various biochemical 

studies were undertaken according to Bergey’s manual of determinative bacterio logy for identificat ion of the selected 

potential isolates. 

The potential bacterial strains were screened for the quality of enzyme produced under submerged condition. The 

supernatant from each isolate was used as crude enzyme for observing individual for gelatin hydrolysis performance. Two 

potential strains were select on the basis of gelatin removal from used X-ray films. 

2.4. Characterization of Potential Isolates:  

2.4.1. Morphological Characterization: 

Potential isolate was characterized by colony (shape, size, elevation, colour, marg in and configuration); cell (Gram stain, 

determination of the presence of spore) [16]. 

Gram staining: This was carried out by using standard techniques with a step-wise application of Crystal violet  solution, 

iodine solution, ethanol (95%) and Safranin solution. 

Motility test: Bacterial mot ility was observed directly by microscope. A drop of bacterial suspension was placed in  to 

glass slide and put cover slip in the center [17].  
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2.4.2. Biochemical Characterization: 

Potential isolates were characterized by different biochemical methods catalase test, citrate utilization test, starch 

hydrolysis, Urease and methyl blue [16, 18]. 

Catalase test: Catalase test was carried out by using 3% hydrogen peroxide. The cells from a culture were mixed with a 

drop of hydrogen peroxide on a clean slide using the inoculating loop. The presence and absence of bubbles was recorded 

as positive and negative, respectively [16]. 

Starch hydrolysis: This test was carried out by div iding starch agar plate into two equal sectors using a marker.  After 

labeling the organism’s name, the test organisms were spot inoculated and incubated for 24h [16]. Zone of hydrolysis of 

starch was detected as a brownish clear zone in a b lue black  background after flooding the starch agar plate with iodine 

solution. The presence of zone of hydrolysis on the plate indicated the ability of the test organism to metabolize starch. 

Urease taste: Urease test was carried out by preparing urea agar containing phenol red as pH indicator. After inoculating 

the agar with the test isolate and incubating the culture for 24 h, co lor change of t he agar from red to pink was observed 

and recorded as a positive result for urease test [16]. 

2.5. Inoculums Preparation for Production of Protease: 

A single bacterial colony from potential isolate were inoculated in to 10 ml of nutrient broth under aseptic condition and 

incubated at 37ºC for 24 h. After 1 day of incubation, growth (turbid ity) was appeared in  inoculated broth and this 

preparation was directly used as a source of inoculums [19]. 

2.6. Production of Protease in Shake Flask Fermentation: 

The production medium containing (g/l): g lucose (1.0), peptone (10.0), yeast extracts (0.2), casein  (10), CaCl2 (0.1), 

K2HPO4 (0.5) and MgSO4 (0.1) was prepared for production. The bacterial isolate was inoculated with 1ml of inoculums 

into 250 ml Erlenmeyer flasks containing 100 ml production medium fo llowed by incubation at 30
o
C for 48 hours in 

rotary shaker at 100 revolutions per minute (rpm). Culture filtrates were separated by centrifugation at 5000 revolution 

per minute (rpm) for 20 min and the supernatants were used as crude enzyme source for gelatin hydrolysis test [19].  

2.7. Degradation of Gelatin Layer and Polyester Recovery: 

The used X-ray films were cut into 2 × 2 cm pieces, washed with distilled water and wiping with cotton, impregnate with 

ethanol. After drying in an oven at 40°C for 30 minutes each of the film was submerged in series 10 ml of crud enzyme 

extract. The solution along with  submerged film was stirred in shaker until the gelatin -silver layer is stripped completely. 

Required numbers of films were stripped and obtained slurry was dried. During the smelt ing ammonium chloride was 

added for getting the white color to the silver.  After the complet ion of the smelting process the dried powder were washed 

with the water and the white colored crystals of the silver was collected [12]. 

Weight loss of X-ray film: Weight loss of the film was analyzed by measuring the weight of used X-ray film before and 

after complete removal of gelatin layer. 

3.9. Data Analysis:  

The data were analyzed and organized using basic statistical parameters like table.  

3. RESULTS 

3.1. Isolation and Screening of Protease Producing Bacteria:  

Forty seven (47) protease positive isolates were obtained from three sample areas. Among 47 isolates, 10 potent clear 

zone forming co lonies were screened 6, 3 and 1 from abattoir, Abaya campus cafeteria waste and Lake Chamo sample  

respectively. These 10 protease positive bacterial isolates with relatively higher clear zones were further examined. 

3.2. Characterization of Potential Isolate: 

The selected organisms were characterized on the basis Gram stain, motility, Simon citrate, starch hydrolysis, Urease, 

catalase and methyl. The result of this was show in table 2 and fig 2. 
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Table 2: Results of Biochemical Characterization of potential isolates 

Isolates 

Biochemical Tests 

Cell 

shape 

Gram 

stain 
Motility 

Starch 

hydrolysis 

Citrate 

utilization 
Catalase Urease  

Methyl 

blue 

Ab-c2 Rod     +     +     +     ++     +     + - 

Ab-c3 Rod     +     +     +   +++     +     + - 

Ab-c5 Rod     +     +     +     ++     +     + - 

Ab-c8 Rod     +     +     +     ++     +     - - 

Ab-c9 Rod     +     +     +     ++     +     + - 

Ab-c10  Rod     +     +     +   +++     +     + - 

Ac-c3 Rod     +     +     +     +     +     + - 

Ac-c4 Rod     +     +     +   +++     +     + - 

Ac-c9 Rod     +     +     +   +++     +     - - 

W-c4 Rod     +     +     +     +     +     + - 

Key: +++ (highly positive); ++ (medium positive); +(positive); - (negative), Ab (Abattoir), Ac (Abaya campus), W (water), Cn 

(colonies number) 

 

Figure 2:  Result of some biochemical tests: (A) Positive citrate utilization test; (B) positve urease test and (C) negative urease 

test result 

3.3. Enzyme Production: 

The crude enzymes were produced from ten potential bacterial strains under submerged condition. Culture filtrates were 

separated by centrifugation at 5000 rpm for 15 min and the supernatants were used as crude enzyme source for gelatin  

hydrolysis and for silver recovery (fig 3).  Cell pellet was discarded. 

 

Figure 3: West X-ray in immersed in 10 ml of crude enzyme during gelatine hydrolaysis 
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3.4. Removal of Gelatinous Coating from Used X-Ray Film: 

Visual examination of the films clearly revealed the ability of proteases to hydrolyze the gelatin cover in X-ray films  

leaving a clean polyester sheet while releasing silver into the hydrolysates. Crud enzymes of each isolates were not very 

efficient in gelatin hydrolysis from waste X-ray film. Under the obtained conditions from ten isolates two isolates were 

effectively hydrolysis of gelatin from waste X-ray film (table 3). Treatment of X-ray films with protease resulted in the 

sliver bound with gelatin being stripped off in to the reaction mixture and clean plastic film (polyester sheet) was 

recovered (fig 4).  

Table 3 Length of Time for Gelatin Hydrolysis and Weight Loss 

Potential 

isolates 

 Time taken 

(minutes) 

Temperature 

(oC) 

Initial weight of x-ray 

sheet in gram  

(2×2)cm 

Weight of X-

ray film after 

treatment 

 weight loss 

in gram 

Abc2  120  Room   0.213  0. 201  0.012 

Abc5  140  Room  0.213  0. 201  0.012 

3.5. Weight Loss of the Film during Gelatin Removal from Used X-Ray Film: 

Used X-ray films were treated with crude enzyme and resulted in stripping off the sliver bound with gelatin into the 

reaction mixture and clean plastic film was recovered (Fig 4). As a result, weight loss of the film was noticed after 

cleaning the used X-ray film. The average weight of the X-ray film before incubation was 0.213g  (2cm x 2cm).  After 

gelatin and other components of the film were removed, the weight of the film became 0. 201g. Therefore, the weight loss 

was calculated as 0.012g. The value indicates that 5.6% of the film weight was lost after the film was treated with crude 

enzyme. 

 

Figure 4: Hydrolysis of used X-ray film by crude enzyme produced from Abc2 and Abc5. Sample pictures: (A) control (10ml of 

bicarbonate buffer) and (B) gelatin layer removal from the film after 120 min incubation at 30oC with crude enzyme 

4.  DISCCUSION 

Isolation and identificat ion of bacteria which have vital ability to secret ext racellular protease enzyme to be used for silv er 

recovery and reuse of polyester from waste X-ray film is one of the main concerns of this study. Accordingly, 47 bacterial 

strains were isolated from study area. Formation of clear zone around the bacterial colony indicated the protease positive 

strains hydrolysed the skim milk present in the media . The use of skim milk agar medium for the isolation of p rotease 

producing bacteria has earlier been reported by some workers [20, 21]. As shown in the result, abattoir is rich in p rotease 

producing bacteria. This indicates that waste from abattoir has potential for screening of bacterial strain which produce 

industrially important enzymes. 
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Ten isolates had larger clear zone are screened. Out of these isolates, two isolates, Abc2 and Abc6 exhib ited high 

capability of removing gelatin from used X-ray films within short period of time when compared to others (table 3). 

These all imply that this strain has potential for ext raction of industrial important products like alkaline protease used as  

polyester recovery process. 

Table 2 shows results of morphological and biochemical tests of the screened isolate. All the isolate were found to be 

Gram positive, cit rate utilization positive and catalase positive. Motile and rod shaped cells of all potential isolate were 

observed under light microscope with 1000X magnification. The strain was able to hydrolyze starch and casein.  

As shown in fig 4, used X-Ray films treated with protease produced from Abc2 and Abc5 isolate resulted in the silver 

bound with  gelatin  being stripped off in to the reaction mixture after 120 and 140 min  respectively, at  30
o
C. On the other 

hand, no gelatin removal was also observed at all when the experiment was conducted without incorporation of enzyme in  

the reaction mixture (10ml of bicarbonate buffer only) at the same condition.  This implies protease produced in the 

present study has appreciable application in the process of silver recovery and reuse of polyester from used X-ray film. 

Similar results were reported by researchers [22, 23, 24, 25]. 

When the X-ray  films treated with  crude enzyme for about 120 and 140 min  and the result indicates that used X-ray  film 

could loss its weight by 5.6% based on initial weight of the film. Results are almost similar with that investigated by 

researcher [26] and loss in weight after enzyme treatment was around 5% (w/w).  

5. CONCLUSIONS 

The method described in this investigation for removal of gelatin  fro m used X-ray film undergoes the process without any 

additive of hazardous chemicals, it would have min imum impact on the environment as compared to conventional 

chemical and burning methods. The recovered pure polyester film after gelat in removal can also be reused that helps 

minimize the production of large number of polyester films. 
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