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ABSTRACT 
Proteolytic enzymes are ubiquitous in occurrence and find multiple applications in various industrial 

sectors. Although there are many microbial sources available for producing proteases, only a few are 

recognized as commercial producers. Utilization and recycling of renewable resources that pose threat 

to the environment can be systematically carried out to bring about resource productivity needed to 

make human activity sustainable. In the present study, we evaluated the phytochemical, antimicrobial, 

and protease production ability of mango seed kernel and pineapple peels.  The proximate compositions 

and antimicrobial analysis of Mango seed kernel and pineapple peels were evaluated using standard 

protocols. We evaluated the protease production of Bacillus megaterium using the mango seed kernel 

and pineapple peels as the carbon sources.  Our results revealed that mango seed kernel has low 

moisture, ash and crude fibre content but has high oil and crude protein content while pineapple peels 

have high moisture and fibre content but low in ash, crude protein and oil content. Mango seed extract 

also demonstrated antimicrobial activities against B. subtilis, less sensitive to B. megaterium and no 

activity against A. niger. However, the pineapple peel extracted is highly sensitive to B. subtilis and S 

aureus but demonstrated no activity against P. aeroginosa and A niger. The B. megaterium exhibited 

higher protease production ability when mango seed kernel was used as a carbon source at all tested 

concentrations. In conclusion, the information obtained from proximate and antimicrobial analysis of 

mango seed kernel and pineapple peels serves as a guide for the possible utilization as carbon sources 

for microbial enzyme production. Thus, both pineapple peel and mango seed kernel can be bio-

remediated when used as carbon sources for protease production. 
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1.0 Introductions  

Proteases (EC 3.4) also referred as peptidases or proteinases are the hydrolase enzymes 

which have small size, compact molecules, spherical structures and are capable of hydrolyzing 
peptide bonds in the primary structure of proteins and peptids [1]. They are used to cleave 

the proteins specifically to produce useful peptides in the processes [2]. 

Proteases are one of the most important group of industrial enzymes and account for nearly 

60% of the total enzyme sale [3]. They are generally used in detergents, food industries, 

leather, meat processing, cheese making, silver recovery from photographic film, production 
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of digestive and certain medical treatments of inflammation and virulent wounds [4]. They 

also have medical and pharmaceutical applications. 

Proteolytic enzymes are ubiquitous in occurrence, being found in all living organisms, and are 

essential for cell growth and differentiation. The extracellular proteases are of commercial 

value and find multiple applications in various industrial sectors. Although there are many 

microbial sources available for producing proteases, only a few are recognized as commercial 
producers [5]. Of these, strains, Bacillus species dominate the industrial sector [6] 

Bacillus megaterium is an important family of gram positive bacteria, members of this family 

comprise substantial proportion of the micro flora of free living saprophytes in soil, fresh 

water, marine environments and many other natural habitats [7]. Primarily a soil bacterium, 

B. megaterium is also found in diverse environments from rice paddies to dried food, 
seawater, sediments, fish, normal flora, and even in bee honey [8]. Taxonomically, B. 

megaterium is placed into the B. subtilis group of Bacilli although there is only a small degree 

of relation in the genome structure between B. megaterium and B. subtilis. B. megaterium is 

able to grow on a wide variety of carbon sources and has, thus, been found in many ecological 
niches, such as waste from meat industry or petrochemical effluents [8]. 

Utilization and recycling of renewable resources that pose threat to the environment can be 

systematically carried out to bring about resource productivity needed to make human activity 

sustainable [9]. Nigeria is an agro based country that produces large quantities of agro 
industrial residues which are rich in nutrients like carbon, nitrogen, minerals, and biomass 

residues [10]. These agricultural wastes can be used as substrate for enzyme production 

owing to economic feasibility, as it can help in solving pollution problems which may be caused 

by their disposal [11, 12] The aim of this research is to produce and characterize protease by 
Bacillus magaterium using mango seed kernel and pineapple peel as carbon source 

2.0 Materials and Methods 

2.1 Reagents 

Nutrient agar, glycerol, glucose, peptone, casein, anhydrose magnesium sulphate, potassium 

hydrogen phosphate, anhydrose iron sulphate, glyceline sodium hydroxide buffer, 
trichloroacetic acid, alkaline copper reagent, folins reagent, Bradford reagent, citrate buffer, 

phosphate buffer, tris-HCl buffer, 

2.2 Microbial Culture 

The culture of Bacillus megaterium used was obtained from Center for Genetic Engineering of 
Federal University of Technology Minna. Stock cultures were maintained in nutrient broth 

medium with 70% glycerol, cultures were preserved in a refrigerator. A loopful of bacterial 

strain (Bacillus megaterium) were transferred to a tube of sterile nutrient broth and allowed 

to grow overnight at 37 ºC before being used for inoculation. 

2.3 Collections of mango seed and pineapple peels 

Fresh mango was bought from Minna fruit market by March 2016, the seeds were broken and 

the content were sun dried, ground to fine mesh size and stored in plastic jars. Fresh pineapple 

peels were collected from fruit vendors at peeling points from Minna fruit market. The peels 

were washed with tap water to remove debris after which they were blended.   
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2.4 Proximate Analysis of Mango Seed and Pineapple Peels 

The proximate compositions including; crude proteins, crude fibre, moisture content, ash 
content, crude fat and carbohydrate contents of both mango seed kernel and pineapple peels 

were determined using standard procedures described in previous studies [13-15]. 

2.5 Antibacterial Activity of Mango Seed and Pineapple Peel Extract 

The substrates were subjected to antimicrobial evaluation against five organism including B. 
megaterium, B. subtilis, Pseudomonas aeroginosa, Staphylococcus aureus, Aspergillus niger 

and as described previously [16-19]. Nutrient Agar was prepared in conical flask in accordance 

to the directions provided by the manufacturer. The media along with petri dishes, pipette 

and metallic borer were sterilized in autoclave for 15 minutes at 121oC and 15 psi pressure. 

The media was poured into petri dishes under aseptic condition. The stock solutions of 
corresponding extracts were prepared in distilled water. Bacterial strains were innoculated on 

the solidified agar media, 7 mm wells were punched in the agar media by using sterile metallic 

borer. Stock solutions of crude extract in distilled water at concentration of 20 mg/mL were 

prepared and 200 μl from each stock solution was added into respective wells. The petri dishes 
were incubated at 37oC for 24 hours. After 24 hours antibacterial activities were measured as 

diameter of the zones of inhibition. 

2.6 Protease Production 

Protease enzyme production was carried out using standard media glucose, 0.5%(w/v), 
peptone, 0.75%(w/v), salt solution, 5%(v/v)-{MgSO4.7H2O, 0.5% (w/v), KH2PO4 0.5% 

(w/v),} and FeSO4.7H2O, 0.01% (w/v) on a shaker incubator at 160rpm(37oC) for 48hours. 

The culture medium was harvested and was subjected to centrifugation at 10,000rpm for 

20min to obtain crude protease extract which served as enzyme source. 

2.7 Determination of Enzyme Activity  

Protease activity of the crude extract was determined by the protease activity method using 

L-Tyrosine (0-1000 mg/L) as the standard. L-Tyrosine standards were prepared in different 

concentrations and the standard calibration curve was obtained. Total protein activity was 

calculated from standard calibration curve. Protease activity of the crude extract was 
determined according the following steps. 100 μl 0.5% (w/v) casein in 50µM Glycine NaOH 

buffer pH 10.0 was added to 100 μl enzyme solution and the assay mixture was incubated for 

10 minutes at 55 ºC in the water bath. 3ml 10% TCA in deionized water was added to enzyme-

substrate solution to terminate the reaction, the mixture was centrifuge for 15 at 10,000rpm. 
1ml of filtrate was mixed with 5ml of alkaline copper reagent and after 15min, 0.5ml of Folin-

ciocalteu’s reagent was added, up on standing for 30min. The absorbance was read at 700nm. 

Similarly, blank was carried out by replacing enzyme with distilled water. 0ne unit of enzyme 

activity is defined as the amount of enzyme that releases 1µg of tyrosine per ml per minute 
under the same assay conditions [20-21] 

2.8 Effect of different carbon sources on protease production  

We evaluated the effect of different carbon sources on protease production Glucose was 

replaced with mango seed and pineapple peels juice at various concentrations of 0.5g, 1.0g, 

1.5g, 2.5g, 7.5g and 10.0g respectively. 
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2.9 Statistical Analysis  

In all experiments, the measurements were carried out with triplicate parallel cultures. The 
values reported are means ± S.D. The results were analyzed by analysis of variance using 

statistical software IMB SPSS Statistics 22. 

3.0 Results  

3.1 Proximate composition of mango seed kernel and pineapple peels 

Mango seed kernel has low moisture, ash and crude fibre content but has high oil and crude 

protein content. Pineapple peels has high moisture and fibre content but low in ash, crude 

protein and oil content (Table 1). 

Table 1: Proximate composition of Mango seed kernel and pineapple peels. 

 Mango seed (%) Pineapple peel (%) 

 Moisture 5.87 ± 2.06 40.97 ± 0.83 

 Ash 1.30 ± 0.32 2.40 ± 0.15 

Crude protein 7.65 ± 0.11 4.15 ± 0.12 

Crude fibre 0.60 ± 0.28 39.35 ± 0.32 

 Oil extract 14.6 ± 0.21 2.30 ± 1.23 

Carbohydrate 69.98 ± 1.01 10.83 ± 0.43 

Values are mean ± standard deviation of three (3) independent variables 

3.2 Anti-Microbial Activity of Mango Seed Kernel Extract  

Mango seed kernel extract was tested against some industrial based microbes. The result 

shows that mango seed extract is sensitive against B. subtilis, less sensitive to B. megaterium 

and no activity against A. niger (Table 2). 

Table 2: Anti-Microbial Activity of Mango Seed Kernel Extract 

                  Concentrations (mg/mL) 

 

Organism 0.04 0.08 0.12 0.16 0.20 

 Zone of inhibition (mm) 

B. subtilis 11.0 16.0 17.0 17.0 17.0 

B.megaterium - 7.0 10.0 13.0 9.0 

P. aeruginosa 14.0 11.0 12.0 9.0 22.0 

S. aureus 17.0 14.0 15.0 18.0 21.0 

A.  niger - - - - - 

Key: B- Bacillus, P- Pseudomonas, S- Staphylococcus, A- Aspergillus 

 

3.3 Anti-Microbial Activity of Pineapple Peel Extract 

Pineapple peel extracted was tested against some industrial base microbes. The result shows 

it is highly sensitive to B. subtilis and S aureus but slightly sensitive against B. megaterium. 

It shows no activity against P. aeroginosa and A niger (Table 3). 
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Table 3: Antimicrobial Activity of Pineapple Peels Extract 

Concentration (mg/mL) 
 

Organism 0.04     0.08 0.12 0.16 0.20 

 Zone of inhibition (mm) 

B. subtilis -       9.0 17.0 16.0 20.0 

B.megaterium 10.0      12.0 13.0 18.0 14.0 

P. aeruginosa -        - - - - 

S. aureus 6.0      15.0 19.0 20.0 20.0 

A.  niger -           - - - - 

Key: B- Bacillus, P- Pseudomonas, S- Staphylococcus, A- Aspergillus 

3.4 Effects of Different Carbon Sources on Protease Production. 

The extracellular protease enzyme was synthesized by Bacillus megaterium. The results 

obtained in this work revealed the ability of Bacillus megaterium to produce extracellular 

protease. Figure 1 shows the ability of B. megaterium to utilize glucose, mango seed kernel 
and pineapple peels as a carbon source and energy material to produce protease enzyme. 

Interestingly, the results indicated that B. megaterium exhibited their maximum ability to 

biosynthesize protease when grown on mango seed kernel.  

 
Figure 1: Effects of Different Carbon Sources on Protease Production. Results are mean of three 

independent determinations.  Error Bars correspond to standard error of mean. 

3.5 Effect of Different Carbon Source Concentration on Protease Production. 

Different substrate (glucose, mango seed kernel and pineapple peels) concentrations were 

applied to investigate their effect on protease productivity by Bacillus megaterium. Figure 2 

indicated that the maximum productivity was attained when mango seed kernel was used as 

carbon source at all tested concentrations.  
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Figure 2: Effect of Different Carbon Source Concentration on Protease Production.  Results are mean 

of three independent determinations. Error Bars correspond to standard error of mean. 

4.0 Discussion 

High carbohydrate content of both mango and pineapple peels can serve as essential carbon 

source for microbial growth. This high carbohydrate content can stimulate expression of many 

hydrolytic enzymes, protease inclusive.  The amount of enzymes produced by a 
microorganism depends on the amount of carbon sources available and utilized by the 

producing organism. The protein content of both mango seed and pineapple peels can serve 

as essential nitrogen source for normal microbial growth and metabolism. The high protein 

content of this agro wastes used for enzyme production can elicit the secretion of protease 
enzyme in the fermentation media. 

The ash contents of both mango and pineapple peels is relatively low. Low ash is usually an 

indication of low inorganic mineral content [22]. According to the study of Fowomola, [23], 

Mango seed kernel was found to be high in potassium, magnesium, phosphorus, calcium and 
sodium. Potassium is an essential nutrient and has an important role in the synthesis of amino 

acids and proteins [23]. Calcium and magnesium play a significant role in photosynthesis, 

carbohydrate metabolism, nucleic acids and binding agents of cell walls [24]. 

The moisture content of mango seed was considerably low compared to that of pineapple. 

The high moisture content of pineapple peels will make it suitable for submerge and solid 
state fermentation.  The reduced moisture content in the mango seed is an indication that 

their shelf life would be prolonged and that deterioration due to microbial contamination would 

be limited [25]. The pineapple peels has higher fibre content than mango seed. The high 

crude of pineapple compensates for its low carbohydrate content and can also serve as carbon 
source for microbial growth. Most microorganisms have enzymatic mechanism to hydrolyze 

lignocelluloses (fibre). Mango seed is rich in fat than pineapple peels. The high fat can also 

serve as carbon source for microbial cultivation in the absence of carbohydrate. Mango seed 
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can also serve as substrate for microbial lipase production. The fat content of mango seed 

can also be utilized for industrial biodiesel production.  

The microbial strains used to screen the possible antimicrobial activity of mango seed 

pineapple extract are based on their industrial application [26]. Interpretation of inhibition 

zones of test culture was adopted from Johnson and Case [27]. A zone of inhibition is an area 

around the point in the media where the test sample is introduced and where no test 
organisms (pathogenic bacterial strains) are found to be growing. A diameter of zone of 

inhibition of 10 or less indicates the test product being resistant to the test organisms 

(pathogens), diameter zone of inhibition of 11 to 15 indicates the test product having an 

intermediate resistant to the test organisms. A diameter with a zone of inhibition of 16 or 

more indicates that test product is highly resistance to test organisms. Pineapple peels extract 
was also not active against P. aeroginosa but was sensitive to B. sutilis from concentration of 

0.12g/ml and above. The activity of mango seed kernel extracts on B. megaterium was not 

significant but highly sensitive to B. subtilis. The two extract were sensitive to S. aureus at 

all concentrations tested. Mango seed extract was also active against P. aeroginosa at all 
tested concentrations. Both mango seed kernel and pineapple peel extracts did not show any 

activity against A. niger.  

There are general reports showing that different carbon sources have different influences on 

extra cellular enzyme production by different strains [26]. The effect of the different carbon 
sources on growth and enzymatic production on sub-merge fermentation was studied by 

growing the microorganism in a medium containing different carbon sources including 

agriculture wastes. Most of the proteases of microbial origin are extracellular and excreted 

through the cell membrane into the culture medium consisting of a suitable substrate. Among 
all the substrates tested for protease production, mango seed holds the best capacity for 

protease production by B. megaterium (Figure 1), which indicates that it contains all the basic 

nutrients for bacterial growth and protease production. Mango seed proves to be a good 

protease producer because it is rich in protein contents than any other source used in the 

present study. Pineapple peels are mainly composed of carbohydrates with little protein 
contents and is a rich source of insoluble fibre.  

The standardization was carried out by varying the level of substrate i.e. glucose, mango seed 

and pineapple peels from 0.5 to 10 g per 200ml of culture medium. Protease production in 

glucose enriched media was optimal at 2.5g/100ml of incubation media, mango at 1.5g/100ml 
of incubation media and pineapple was at 2.5g/100ml of incubation media was synthesized 

by B. megaterium.  (Fig. 2). Results revealed that protease production per gram dry carbon 

was increased by increasing the amount of substrate. This might be due to increase in nutrient 

composition of culture media.  

5.0 Conclusion 

The information obtained from proximate and antimicrobial analysis of mango seed kernel 

and pineapple peels serves as a guide for the possible utilization as carbon source for microbial 

enzyme production. Thus, both pineapple peel and mango seed kernel can be bioremediated 

when used as carbon source for protease production.  
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