
		
			[image: 1.png]
		

	
		
			Purification and Characterization of Bromelain from Waste Parts of Ananas comosus for its Application in Detergent Industry

		


		
			Fariha Javaid1*, Zahoor Qadir Samra1, Madeeha Shahzad Lodhi1,2, 

			Aroosha Hussain1 and Gulnaz Pervaiz1

		

		
			1School of Biochemistry and Biotechnology, University of the Punjab, Quaid-i-Azam Campus, Lahore, Punjab

			2Institute of Molecular Biology and Biotechnology, The University of Lahore, 1-Km Defence Road, Near Bhuptian Chowk, Lahore, Punjab

		


		
			ABSTRACT

		

		
			Bromelain is a thiol-containing cysteine protease isolated from the stem, peel, and leaf parts of Ananas comosus. Protease accounts for 60% of the total enzyme market. Being a plant-based cysteine protease, it has various pharmaceutical and biotechnological applications. The isolation and purification cost of the enzyme is highest, so there is a need to develop cost-effective purification methods. This research work aims to purify BRM by using magnetic nanoparticles. After purification, BRM enzyme was characterized and utilized in the detergent industry due to its stability at a wide range of pH and temperature; results showed that stem BRM has the highest enzyme activity at 23.5 U/ml as compared to crown leaf (11.7 U/ml) and peel (19.5 U/ml). The specific activity of leaf, peel, and stem BRM was determined 0.8, 1.2, and 1.4 U/mg, respectively. Total protein content was 660 mg, 810 mg, and 865 mg from leaf, peel, and stem samples. The percentage yield of BRM was determined in the range of 60 to 93 % from these waste parts of the plant. This study achieved 4, 6, and 7-fold purification for leaf, peel, and stem BRM, respectively. This study showed positive results for utilizing affinity-purified BRM enzyme in the laundry and detergent industry due to its stability in different detergents and destaining properties.
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			INTRODUCTION

			Around the globe, plant proteins are being used as a food source to accomplish human physiological needs. The plant proteins are mostly proteases that break the peptide bond leading to the degradation of protein into amino acids and peptides (Nehete et al., 2013; Muntari et al., 2012; Manzoor et al., 2016). Bromelain is extracted from the stem, fruit, crown, leaves, and peel of the pineapple plant (Ananas comosus). It has great commercial value worldwide (Pavan et al., 2012; Chobotova et al., 2010; Ramli et al., 2017). Crude extract of BRM has a complex mixture of cysteine proteases, including other components such as phosphatases, peroxidases, carbohydrates, and organic calcium. BRM works at a pH range of 5.5-8.0, where it is stable for longer period of time. The nature of stem BRM is alkaline, but fruit BRM is slightly acidic (Agrawal et al., 2022; Ramalingam et al., 2012; De Lencastre Novaes et al., 2016; Arshad et al., 2014). Pineapple is 3rd most important fruit, and 18.7 million tons of production was estimated by 2014 (Bresolin et al., 2013; Hossain, 2016). Pineapple fruit represents 23% of the plant part rest is considered agro-industrial residue, which contains a huge amount of BRM. Many industrial and pharmaceutical applications increase the market value of BRM (Martins et al., 2014). 

			BRM is considered a promising drug in the pharmaceutical industry and has many health benefits, e.g., reduce pain and swelling, decrease formation of clots by preventing platelet aggregation (Lopez and Bond, 2008; Souza et al., 2015; Bala, 2015; Rathnavelu et al., 2016). BRM has gained attention in different industries due to its eco-friendly nature and stability, e.g., food, detergent, baking, textile, wine-making, cosmetics, meat tenderization, and leather. Proteases account for 60% of all commercial enzymes worldwide (Zambare et al., 2011; Shah et al., 2014; Watanabe et al., 2000; Kaur and Chakraborty, 2015; Levy and Emer, 2012). In the detergent industry, proteases are used to enhance the effectiveness of detergent. The use of enzyme in detergents is environment friendly because less amount of detergents or chemicals are used during washing. The major hindrance to protease utilization in the detergent industry is its stability in commercial detergents at broad pH and temperature ranges. 

			Commercially BRM is produced and purified by using chromatographic techniques. Purification and downstream processing of BRM increases the production cost. The present study aims to develop a new cost-effective procedure for purification of BRM by using interactions between arginine-conjugated magnetic nanoparticles and BRM enzyme. The purified BRM was characterized and used to evaluate its stability in different detergents. The destaining properties of the enzyme were also determined under designed experimental conditions.

			MATERIALS AND METHODS

			Materials

			The pineapple variety Kona sugarloaf, a type of smooth cayenne, was purchased from the local market. Casein (Sigma-Aldrich), 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDAC) (Thermo Fisher Scientific), Bovine serum albumin (Thermo Fisher), Arginine (Thermo Scientific) were utilized. Highly purified and analytical-grade chemicals were used in this study. Commercially available detergents were purchased from the local market.

			Extraction of crude BRM from pineapple

			Peel, crown leaf, and stem samples (200 g each) were cut into pieces, washed with distilled water, homogenized separately in chilled phosphate buffer (25 mM, pH: 7), filtered on a muslin cloth, and centrifuged at 10,000 rpm for 20 min at 4 oC. The supernatant was subjected to ammonium sulfate precipitation at 40-60% saturation and dialyzed. 

			Enzyme assay

			For enzyme assay, BRM extract (1 ml) was added to a 15 ml falcon tube and mixed with casein (15% w/v solution in 50 mM potassium phosphate buffer) and incubated for 10 min in a water bath at 37 oC. Trichloroacetic acid solution (3 ml) was added and kept at room temperature for 5-10 min, then centrifugation was done at 10,000 rpm for about 5 min. The supernatant was taken in a 15 ml falcon tube and combined with 5 ml of Na2CO3 (500 mM). After mixing the contents, Folin-Ciocalteu (FC) reagent (2 ml) was added. The optical density was evaluated at 660 nm (Folin and Ciocalteu, 1927). One unit of enzyme activity is defined as the amount of BRM required to release 1 µM of L-tyrosine per minute under standard experimental conditions.

			Determination of protein concentration

			Bradford assay was used to estimate protein concentration using bovine serum albumin as standard (Bradford, 1976). 

			Conjugation of magnetic nanoparticles (MNPs) with arginine (ARG)

			MNPs were prepared as described by Lodhi and Samra (2019). Arginine (0.1 g) was added to a 50 ml falcon tube and mixed with 25 ml of distilled water. The pH 8 of the arginine solution was adjusted by NaOH (1 M). Magnetic nanoparticles (0.5 g) were added to the solution and sonicated at 4 oC for 10 min on ice. The solution was placed at 37 oC in a water bath for 15 min. After cooling the mixture on ice, 0.4 g of 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDAC) was mixed, and the pH was adjusted at 6 with HCl (1 M). The mixture was kept in the dark for 6 h at 25 oC with constant stirring. Again 0.4 g of EDAC was added and kept in the dark for 15 h with continuous stirring. The magnetic field was applied to separate arginine-conjugated magnetic nanoparticles (ARG-MNPs) and washed three times with acetone. Particles were air-dried and stored in an airtight container. The conjugated particles were processed for Fourier transform infrared (FTIR) analysis to confirm the conjugation of arginine with MNPs.

			Purification of BRM by ARG-MNPs conjugates

			MNPs (0.1 g) were taken in a 50 ml falcon tube and combined with 5 ml of dialyzed ammonium sulfate precipitated crude bromalin. The tube was placed in a shaker for 5 h at 25 oC. The conjugated complex (BRM-ARG-MNPs) was separated by an external magnetic field and washed with 5 ml of 10 mM Tris-Cl, pH 7.2. Then 2 ml of elution buffer (5 mM Tris-Cl, pH 7.4) was added for the elution of the enzyme. The magnetic field was applied again to separate ARG-MNPs, and the enzyme was eluted and dialyzed against 500 ml of 5 mM Tris-Cl, pH 7.4. The sample was run on 12 % SDS PAGE. The protein concentration was determined by Bradford assay (Bradford, 1976).

			Characterization of bromelain (BRM)

			For determination of molecular weight affinity-purified BRM was run on 12% SDS PAGE, stained with coomassie brilliant blue, and then destained. The relative molecular mass of BRM was assessed using a standard protein marker (Pageruler prestained protein ladder 10-180 kDa).

			For determination of optimum pH the effect of pH on BRM activity was determined at different pH ranges (3, 5, 6, 7, and 8) under standard experimental conditions in 0.05 M buffer (glycine-HCl buffer pH: 2-3, Na-citrate buffer pH: 4-5, Na-phosphate buffer pH: 6-7, Tris-Cl buffer pH 8-10). 

			For determination of optimum temperature aliquots of affinity-purified BRM were kept at different temperatures (20, 30, 40, 50, 60, 70, and 80 oC) under standard experimental conditions. BRM activity was estimated by using enzyme assay as described above.

			Thermal stability profile was also determined by incubating the enzyme for 30 min at different temperatures (20, 30, 40, 50, 60, 70, and 80 oC) under standard assay conditions. 

			All experiments were carried out in triplicates.

			Stain-removing property of purified BRM

			The stain-removing property of BRM was evaluated by dissolving affinity-purified BRM in phosphate buffer (pH 7). Cotton fabric (8 cm x 8 cm) was stained with 1 ml of goat blood, cut into pieces, and placed in labeled glass plates. Stained cotton cloths were treated with detergent and BRM enzyme. Glass plates were incubated at 37 oC for 30 min. Pieces were taken out after 30 min, washed with water, and visualized to check the stain-removing property of BRM. An untreated, stained piece of cloth was taken as control. After that, all cotton pieces were washed, air dried, cut into smaller pieces separately, and put in 50 ml falcon tubes individually (labeled as A, B, C, and D) having 30 ml normal saline. Centrifugation was carried out at 10,000 rpm for 15 min. The optical density of the supernatant was measured at 660 nm after removing the pellet.

			Stability of purified BRM in different detergents

			Affinity-purified BRM was used to check its stability in different local detergents (Surf-Excel, Brite, and Ariel). BRM solution (2 mg/ml) was mixed with the above detergent (20 mg/ml) and incubated for 60 min at 40 oC. BRM activity was determined by using enzyme assay as described above. Without the detergent, the activity of BRM was taken as 100 %.

			Experimental design for destaining procedure

			Three glass plates with blood stained cotton were treated as follows.

			A: 15ml BRM (2 mg/ml) + 30ml phosohate buffer

			B: 30 ml detergent (20 mg/ml)

			C: 30 ml detergent + 15ml BRM

			RESULTS AND DISCUSSION

			Crude extract of BRM is a mixture of proteases that contain sulfhydryl group and hydrolyze peptide bonds. In this study, BRM was purified from waste parts of Ananas comosus by using a novel magnetic affinity purification technique. 

			The related peaks of magnetic nanoparticles (MNPs) were analyzed by the FTIR spectrum (Fig. 1A), and Figure 1B shows the FTIR spectrum of ARG-MNPs. The change in spectrum functional group peaks confirmed the successful conjugation of arginine on MNPs.
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			Fig. 1. A, FTIR spectrum of magnetic nanoparticles (MNPs). A peak at 634.71 cm-1 is due to Fe-O bond vibrations confirming MNPs synthesis. For OH groups, a peak is observed at 1634.80 cm-1. B, FTIR spectrum of conjugated ARG-MNPs. FeO peak (633.5 cm-1), N=C peak (2348.8 cm-1), and the overlapping peak of OH-NH (3568.7 cm-1) confirm successful conjugation of arginine with MNPs.

			BRM enzyme activity was 8.5 U/ml (crown leaf), 11.2 U/ml (peel), and 14.5 U/ml (stem) after ammonium sulfate precipitation, as given in Table I. At this saturation level, most of the BRM enzyme was precipitated, which is consistent with the findings of Ramalingam et al. (2012). After affinity purification, enzyme activity was measured as 11.7 U/ml (crown leaf), 19.5 U/ml (peel), and 23.5 U/ml (stem). Stem BRM showed maximum activity, as was also observed in Gautam et al. (2010). They reported that stem BRM is more active and superior than BRM isolated from other parts of the plant. Bala (2015) reported 1.19 U/ml activity of stem BRM by using N α-carbobenzoxy-lysine p-nitrophenyl ester (LNPE) substrate with a purification fold of 4.64 after ion exchange chromatography. Bresolin et al. (2013) studied that after ion exchange chromatography, the specific activity of peel BRM was increased up to 1.13 U/mg, which is 1.2 U/mg after magnetic affinity purification. Silvestre et al. (2012) reported a higher value of specific activity (1.6 U/mg) for peel BRM by using hemoglobin as a substrate. In our study, specific activity for peel and stem BRM was achieved up to 1.2 and 1.4 U/mg, respectively, using casein as a substrate. Susanti et al. (2022) also reported partial characterization of crown BRM isolated from the Queen variety of pineapple plant by employing 60 % ammonium sulfate precipitation. The specific activity was achieved as 0.33 U/mg at 40 oC. The protein content and activity of BRM were calculated as 4.41 mg/ml and 1.36 U/ml, respectively. In our findings, the specific activity was 0.4 U/mg after 60% ammonium sulfate precipitation, and it was increased up to 0.8 U/mg after the affinity purification process. Variation in specific activity and protein content of BRM depends on various factors, i.e., isolation from different varieties and different plant parts, the maturity level of the plant, purification strategy, cultivation conditions, the composition of BRM extract, etc. BRM can be purified using various techniques, but our method is simple, cost-effective, gives a good yield with minimum loss in enzyme activity, and is reliable.

			Further, compared to the traditional method, protein elution increases the volume of purified protein which requires an additional lyophilization step but unfortunately, lyophilization produces freezing and drying stress that can denature protein to various extents (Cerdan-Leal et al., 2020). Here, the magnetic field application prevents time by reducing the number of purification steps and purifying the protein in concentrated form. Hence, there is no requirement for lyophilization.

			A band of 23 kDa was observed for affinity-purified BRM isolated from the leaf, peel, and stem of the Ananas comosus (Fig. 2). Molecular weight of stem BRM was reported as 24 kDa (Ferreira et al., 2011). Silveira et al. (2009) reported a band of 31 kDa for stem and fruit BRM. The molecular weight of BRM was reported as 26 kDa by Umesh et al. (2008). Maurer (2001) reported a band of 23 kDa for stem BRM. This variation arises due to the isolation of BRM from different sources, variety of Ananas comosus, age, cultivation time, conditions, and area that can alter enzyme content and activity (Bartholomew et al., 2003; Wu et al., 2017). The single band indicated complete integrity and purity of BRM, as shown in Figure 2. Our results indicated that BRM could be purified more by magnetic affinity purification.
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			Fig. 2. 12% SDS PAGE indicating 23 kDa band of affinity purified BRM enzyme. Lane M; Prestained protein ladder (Pageruler 10-180 kDa). Lane 1; Leaf BRM. Lane 2; Peel BRM, Lane 3; Stem BRM.

			Protein content was higher in the stem than peel and crown leaf. The former exhibited high protease activity. Ramalingam et al. (2012) reported that the pulp part has a higher protein concentration than the leaf parts. In our study, after affinity purification, protein content was 660 mg, 810 mg, and 865 mg from leaf, peel, and stem parts, respectively. Results showed that BRM content was less in the leaf and highest in the stem comparatively. Ketnawa et al. (2012) reported the leaf part’s highest protein content (141 to 220 mg) and protease activity. This study achieved a 2.5-fold increase in specific activity after ammonium sulfate precipitation and dialysis. Bresolin et al. (2013) reported a 2.2-fold increase in specific activity for peel BRM. Devakate et al. (2009) and Singh et al. (2004) also described almost the same purification fold of crude BRM from pineapple waste parts. Chaurasiya and Hebbar (2013) reported 3.96-fold purification for fruit BRM by employing reverse micelles extraction system. Arumugam and Ponnusami (2013) reported a 6.2-fold purification of fruit BRM using functionalized mesoporous silica. Our results indicated a 4, 6, and 7-fold increase in specific activity of leaf, peel, and stem BRM, respectively (Table I), which is highest than other purification methods.

			Table I. Comparison of specific activity, Purification fold and Yield for peel, crown leaf, and stem BRM.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Purification strategy 

						
							
							Total volume ml

						
							
							Enzyme activity U/ml

						
							
							Enzyme concentration mg/ml

						
							
							Total protein mg

						
							
							Total activity units

						
							
							Specific activity U/mg

						
							
							Yield %

						
							
							Purification fold

						
					

					
							
							Crown leaf BRM

						
							
							
							
							
							
							
							
							
					

					
							
							Bromelain extract

						
							
							250

						
							
							5.61

						
							
							25.3

						
							
							6325

						
							
							1402.5

						
							
							0.2

						
							
							100

						
							
							1

						
					

					
							
							40-60 % (NH4)2SO4  and dialysis

						
							
							100

						
							
							8.5

						
							
							18.5

						
							
							1850

						
							
							850

						
							
							0.4

						
							
							60

						
							
							2

						
					

					
							
							Magnetic affinity purification

						
							
							50

						
							
							11.7

						
							
							13.2

						
							
							660

						
							
							585

						
							
							0.8

						
							
							41.7

						
							
							4

						
					

					
							
							Peel BRM

						
							
							
							
							
							
							
							
							
					

					
							
							Bromelain extract

						
							
							250

						
							
							4.2

						
							
							30.1

						
							
							7525

						
							
							1050

						
							
							0.2

						
							
							100

						
							
							1

						
					

					
							
							40-60 % (NH4)2SO4  & dialysis

						
							
							100

						
							
							11.2

						
							
							23.5

						
							
							2350

						
							
							1120

						
							
							0.5

						
							
							107

						
							
							2.5

						
					

					
							
							Magnetic affinity purification

						
							
							50

						
							
							19.5

						
							
							16.2

						
							
							810

						
							
							975

						
							
							1.2

						
							
							92.8

						
							
							6

						
					

					
							
							Stem BRM

						
							
							
							
							
							
							
							
							
					

					
							
							Bromelain extract

						
							
							250

						
							
							7.3

						
							
							37.5

						
							
							9375

						
							
							1825

						
							
							0.2

						
							
							100

						
							
							1

						
					

					
							
							40-60 % (NH4)2SO4  & dialysis

						
							
							100

						
							
							14.5

						
							
							29.2

						
							
							2920

						
							
							1450

						
							
							0.5

						
							
							79.4

						
							
							2.5

						
					

					
							
							Magnetic affinity purification

						
							
							50

						
							
							23.5

						
							
							17.3

						
							
							865

						
							
							1175

						
							
							1.4

						
							
							64

						
							
							7
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			Fig. 3. Optimum temperature (A) and pH (B) for peel, crown leaf, and stem BRM. Stem and peel BRM showed maximum activity 40 oC and at pH 7. Peel BRM exhibited maximum activity at 50 oC. Leaf BRM showed the highest activity at pH 6.

			The optimum temperature for the crown leaf and stem was 40 oC, and for the peel, it was 50 oC (Fig. 3A). BRM extracted from all parts was stable up to 60 oC and retained 60-70% activity at 70 oC after that, the enzyme activity was lost due to denaturation of enzyme’s active site. Ketnawa et al. (2010) also reported that the optimum temperature was 55 oC for BRM isolated from pineapple peel. BRM is stable at 40 to 60 oC for a more extended period, where most enzymes show denaturation. This property of BRM makes it useful for its application in biotechnology, e.g., detergent, textile, and pharmaceutical industries. A large quantity of fiber is left behind after BRM isolation from all these parts, which can be utilized in the paper industry. The optimum pH for the leaf was 6.00, and for the stem and peel, it was 7.00 (Fig. 3B). Ketnama et al. (2012) reported a pH 7.00 for BRM from the peel and stem parts of the pineapple in the Nang Lae variety. Our results are similar to previous reports. Different types of BRM isolated from other sources, e.g., peel, fruit, stem, and leaf, show optimum temperature and pH variation.

			Stem BRM activity was highest, so it was used to check its stability and activity in detergent. BRM solution was mixed in three different detergents and incubated at optimum temperature for 1 h. Stability was determined using casein hydrolysis assay after incubation of enzyme in detergent for 1 h in the form of % relative activity. Maximum activity of the enzyme was observed in 81 to 90 % of all three detergents. This data indicates that stem BRM is stable in detergent and alkaline conditions.

			Stain-removing properties were visualized, as shown in Figure 4. Results indicate that BRM is more active alone and removes stains effectively. It was observed that stains were obliterated when treated with BRM in combination with detergent (Table II). This activity difference is due to the presence of various components in detergents. Protease helps to get rid of proteinaceous stains rapidly with minimal utilization of detergent. But detergent alone cannot remove these stains easily; an enormous amount of detergent will be used to remove these stains. Similar results were reported by Jaouadi et al. (2008) and Rao et al. (2009) for alkaline and cysteine proteases, respectively. Adding BRM in detergent minimizes the quantity of detergent used, which is eco-friendly because higher concentrations of chemicals used in detergents cause water pollution. Using stable and more active enzymes in detergent can boost its effects and reduce pollution. High concentration of detergent in water leads to drinking water contamination, reducing crop production, etc.
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			Fig. 4. Blood stains removed by affinity-purified stem BRM and detergent. Control showing cotton fabric stained with goat blood (A). Treated with BRM enzyme only (B). Treated with detergent only (C). Treated with BRM and detergent (D).

			Table II. Destaining profile of blood-stained fabric.

			
				
					
					
					
				
				
					
							
							Treatment given to stained cotton fabric

						
							
							Destaining property measured as % relative activity

						
							
							Observations

						
					

					
							
							Bromelain

						
							
							80

						
							
							More active + effectively destained

						
					

					
							
							Detergent

						
							
							69.5

						
							
							Moderate destaining

						
					

					
							
							Bromelain + Detergent

						
							
							75

						
							
							Less active + completely destained

						
					

				
			

			CONCLUSION

			This work describes that BRM purification using arginine-bound magnetic nanoparticle complexes is a cost-effective, less time-consuming method to avoid laborious procedures of purification that increase downstream processing time and cost. BRM recovery is highest compared to crude extract, and bands show structural coherence and stability of the enzyme. This process achieved high protein content and protease activity, comparable to chromatographic techniques. Impurities can reduce enzyme activity, so it is essential to enhance purification, increasing enzyme activity. This technique is simple and has the potential to purify the enzyme with a high specific activity. BRM’s stability at broad pH and temperature ranges and stain-removing properties make this plant-based enzyme beneficial for its use in the detergent industry.

			Acknowledgment

			This work was supported by the School of Biochemistry and Biotechnology, University of the Punjab, Lahore, Pakistan. 

			IRB approval

			The study received IBR approval, and appropriate guidelines were followed.

			Ethical statement

			The Animal Ethics Committee of the Faculty of Life Sciences, University of the Punjab, Lahore, Pakistan, approved all animal studies. This manuscript also complies with the Ethical Rules applicable to this journal. 

			Statement of conflict of interest

			The authors have declared no conflict of interest.

			REFERENCES

			Agrawal, P., Nikhade, P., Patel, A., Mankar, N. and Sedani, S., 2022. BRM: A potent phytomedicine. Cureus, 14: e27876. https://doi.org/10.7759/cureus.27876

			Arshad, Z.I.M., Amid, A., Yusof, F., Jaswir, I., Ahmad, K. and Loke, S.P., 2014. BRM: An overview of industrial application and purification strategies. Appl. Microbiol. Biotechnol., 98: 7283-7297. https://doi.org/10.1007/s00253-014-5889-y

			Arumugam, A. and Ponnusami, V., 2013. Pineapple fruit BRM recovery using recyclable functionalized ordered mesoporous silica synthesized from sugarcane leaf ash. Braz. J. chem. Eng., 30: 477-486. https://doi.org/10.1590/S0104-66322013000300006

			Bala, K.B.M., 2015. Comparative study on the extraction and purification. The stem and fruit BRM from pineapple (Ananas comosus). J. nat. Sci. Res., 5: 30-34.

			Bartholomew, D.P., Paull, R.E. and Rohrbach, K.G., 2003. The pineapple: botany, production and uses. 1st ed. CABI. Wallingford-UK. https://doi.org/10.1079/9780851995038.0000

			Bradford, N.J.A.B., 1976. A rapid and sensitive method for the quantitation microgram quantities of a protein isolated from red cell membranes. Anal. Biochem., 72: 248-254. https://doi.org/10.1016/0003-2697(76)90527-3

			Bresolin, I.R.A.P., Bresolin, I.T.L., Silveira, E., Tambourgi, E.B. and Mazzola, P.G., 2013. Isolation and purification of BRM from waste peel of pineapple for therapeutic application. Braz. Arch. Biol. Technol., 56: 971-979. https://doi.org/10.1590/S1516-89132013000600012

			Cerdan-Leal, M.A., Lopez-Alarcon, C.A., Ortiz-Basurto, R.I., Luna-Solano, G. and Jimenez-Fernandez, M., 2020. Influence of heat denaturation and freezing–lyophilization on physicochemical and functional properties of quinoa protein isolate. Cereal Chem., 97: 373-381. https://doi.org/10.1002/cche.10253

			Chaurasiya, R.S. and Hebbar, H.U., 2013. Extraction of BRM from pineapple core and purification by RME and precipitation methods. Sep. Purif. Technol., 111: 90-97. https://doi.org/10.1016/j.seppur.2013.03.029

			Chobotova, K., Vernallis, A.B. and Majid, F.A.A., 2010. BRM’s activity and potential as an anti-cancer agent: current evidence and perspectives. Cancer Lett., 290: 148-156. https://doi.org/10.1016/j.canlet.2009.08.001

			De Lencastre Novaes, L.C., Jozala, A.F., Lopes, A.M., de Carvalho, S.E.V., Mazzola, P.G. and Pessoa J.A., 2016. Stability, purification, and applications of BRM: A review. Biotechnol. Prog., 32: 5-13. https://doi.org/10.1002/btpr.2190

			Devakate, R.V., Patil, V.V., Waje, S.S. and Thorat, B.N., 2009. Purification and drying of BRM. Sep. Purif. Technol., 64: 259-264. https://doi.org/10.1016/j.seppur.2008.09.012

			Ferreira, J.F., Santana, J.C.C. and Tambourgi, E.B., 2011. The effect of pH on BRM partition from Ananas comosus by PEG4000/phosphate ATPS. Braz. Arch. Biol. Technol., 54: 125-132. https://doi.org/10.1590/S1516-89132011000100017 

			Folin, O. and Ciocalteu, V., 1927. On tyrosine and tryptophane determinations in proteins. J. biol. Chem., 73: 627-650. https://doi.org/10.1016/S0021-9258(18)84277-6

			Gautam, S.S., Mishra, S.K., Dash, V., Goyal, A.K. and Rath, G., 2010. Comparative study of extraction, purification and estimation of BRM from stem and fruit of pineapple plant. Thai. J. Pharm. Sci., 34: 67-76.

			Hossain, M.F., 2016. World pineapple production: An overview. Afr. J. Fd. Agric. Nutr. Dev., 16: 11443-11456. https://doi.org/10.18697/ajfand.76.15620

			Jaouadi, B., Ellouz-Chaabouni, S., Rhimi, M. and Bejar, S., 2008. Biochemical and molecular characterization of a detergent-stable serine alkaline protease from Bacillus pumilus CBS with high catalytic efficiency. Biochimie, 90: 1291-1305. https://doi.org/10.1016/j.biochi.2008.03.004

			Kaur, A. and Chakraborty, J.N., 2015. Controlled eco-friendly shrink-resist finishing of wool using BRM. J. Clean. Prod., 108: 503-513. https://doi.org/10.1016/j.jclepro.2015.07.147

			Ketnawa, S., Chaiwut, P. and Rawdkuen, S., 2012. Pineapple wastes: A potential source for BRM extraction. Fd. Bioprod. Process., 90: 385-391. https://doi.org/10.1016/j.fbp.2011.12.006

			Ketnawa, S., Rawdkuen, S. and Chaiwut, P., 2010. Two-phase partitioning and collagen hydrolysis of BRM from pineapple peel Nang Lae cultivar. Biochem. Eng. J., 47: 205-211. https://doi.org/10.1016/j.bej.2010.08.012

			Levy, L.L. and Emer, J.J., 2012. Complications of minimally invasive cosmetic procedures: prevention and management. J. Cutan. Aesthet. Surg., 5: 121-132. https://doi.org/10.4103/0974-2077.99451

			Lodhi, M.S. and Samra, Z.Q., 2019. Purification of transferrin by magnetic nanoparticles and conjugation with cysteine capped gold nanoparticles for targeting diagnostic probes. Prep. Biochem. Biotechnol., 49: 961-973. https://doi.org/10.1080/10826068.2019.1643736

			Lopez, O.C. and Bond, J.S., 2008. Proteases: Multifunctional enzymes in life and disease. J. biol. Chem., 283: 30433-30437. https://doi.org/10.1074/jbc.R800035200

			Manzoor, Z., Nawaz, A., Mukhtar, H. and Haq, I., 2016. BRM: methods of extraction, purification and therapeutic applications. Braz. Arch. Biol. Technol., 59: e16150010. https://doi.org/10.1590/1678-4324-2016150010

			Martins, B.C., Rescolino, R., Coelho, D.F., Zanchetta, B., Tambourgi, E.B. and Silveira, E., 2014. Characterization of BRM from Ananas comosus agroindustrial residues purified by ethanol factional precipitation. Chem. Eng. Trans., 37: 781-786.

			Maurer, H.R., 2001. BRM: biochemistry, pharmacology and medical use. Cell. Mol. Life Sci., 58: 1234-1245. https://doi.org/10.1007/PL00000936

			Muntari, B., Amid, A., Mel, M., Jami, M.S. and Salleh, H.M., 2012. Recombinant BRM production in Escherichia coli: Process optimization in shake flask culture by response surface methodology. AMB Express, 2: 1-9. https://doi.org/10.1186/2191-0855-2-12

			Nehete, J.Y., Bhambar, R.S., Narkhede, M.R. and Gawali, S.R., 2013. Natural proteins: Sources, isolation, characterization and applications. Pharmacogn. Rev., 7: 107-116. https://doi.org/10.4103/0973-7847.120508

			Pavan, R., Jain, S. and Kumar, A., 2012. Properties and therapeutic application of BRM: A review. Biotechnol. Res. Int., 2012: 1-6. https://doi.org/10.1155/2012/976203

			Ramalingam, C., Srinath, R. and Islam, N.N., 2012. Isolation and characterization of BRM from pineapple (Ananas comosus) and comparing its anti-browning activity on apple juice with commercial anti-browning agents. Elixir Int. Sci., 45: 7822-7826.

			Ramli, A.N.M., Aznan, T.N.T. and Illias, R.M., 2017. BRM from production to commercialisation. J. Sci. Fd. Agric., 97: 1386-1395. https://doi.org/10.1002/jsfa.8122

			Rao, C.S., Sathish, T., Ravichandra, P. and Prakasham, R.S., 2009. Characterization of thermo-and detergent stable serine protease from isolated Bacillus circulans and evaluation of eco-friendly applications. Process Biochem., 44: 262-268. https://doi.org/10.1016/j.procbio.2008.10.022

			Rathnavelu, V., Alitheen, N.B., Sohila, S., Kanagesan, S. and Ramesh, R., 2016. Potential role of BRM in clinical and therapeutic applications. Biomed. Rep., 5: 283-288. https://doi.org/10.3892/br.2016.720

			Shah, M.A., Mir, S.A. and Paray, M.A., 2014. Plant proteases as milk-clotting enzymes in cheesemaking. A review. Dairy Sci. Technol., 94: 5-16. https://doi.org/10.1007/s13594-013-0144-3

			Silveira, E., Souza, J.M., Santana, J.C.C., Chaves, A.C., Porto, A.L.F. and Tambourgi, E.B., 2009. Expanded bed adsorption of BRM (E.C. 3.4.22.33) from Ananas comosus crude extract. Braz. J. chem. Eng., 26: 149-157. https://doi.org/10.1590/S0104-66322009000100014

			Silvestre, M.P.C., Carreira, R.L., Silva, M.R., Corgosinho, F.C., Monteiro, M.R.P. and Morais, H.A., 2012. Effect of pH and temperature on the activity of enzymatic extracts from pineapple peel. Fd. Bioprocess Technol., 5: 1824-1831. https://doi.org/10.1007/s11947-011-0616-5

			Singh, L.R., Devi, T.P. and Devi, S.K., 2004. Purification and characterization of a pineapple crown leaf thiol protease. Prep. Biochem. Biotechnol., 34: 25-43. https://doi.org/10.1081/PB-120027111

			Souza, P.M.D., Bittencourt, M.L.D.A., Caprara, C.C., Freitas, M.D., Almeida, R.P.C.D., Silveira, D. and Magalhães, P.O., 2015. A biotechnology perspective of fungal proteases. Braz. J. Microbiol., 46: 337-346. https://doi.org/10.1590/S1517-838246220140359

			Susanti, S., Rizqiati, H., Pratama, Y., Arifan, F. and Reza, S.P., 2022. Characteristics of BRM enzyme from Queen Variety pineapple crown at different drying temperatures. IOP Conf. Ser. Earth Environ. Sci., 977: 012029. https://doi.org/10.1088/1755-1315/977/1/012029

			Umesh, H.H., Sumana, B. and Raghavarao, K.S.M.S., 2008. Use of reverse micellar systems for the extraction and purification of BRM from pineapple wastes. Bioresour. Technol., 99: 4896–4902. https://doi.org/10.1016/j.biortech.2007.09.038

			Watanabe, M., Watanabe, J., Sonoyama, K. and Tanabe, S., 2000. Novel method for producing hypoallergenic wheat flour by enzymatic fragmentation of the constituent allergens and its application to food processing. Biosci. Biotechnol. Biochem., 64: 2663-2667. https://doi.org/10.1271/bbb.64.2663

			Wu, W.C., Ng, H.S., Sun, I.M. and Lan, J.C.W., 2017. Single step purification of BRM from Ananas comosus pulp using a polymer/salt aqueous biphasic system. J. Taiwan Inst. Chem. Eng., 79: 158-162. https://doi.org/10.1016/j.jtice.2017.04.001

			Zambare, V., Nilegaonkar, S. and Kanekar, P., 2011. A novel extracellular protease from Pseudomonas aeruginosa MCM B-327: enzyme production and its partial characterization. N. Biotechnol., 28: 173-181. https://doi.org/10.1016/j.nbt.2010.10.002

		

	OEBPS/image/Image888704.jpg





OEBPS/image/Fig._1.jpg
2
3z
=

Y
E

Transmittance (%)
=

3426.87

3500 3000 2500 2000 1500 1000
A Wavenumber (em™ )

9 987
1 |«z 71 ‘
H

g

£ M

2

H

£

1530.72 i

3500 3000 2500 2000 1500 1000
‘Wavenumber (cm™ )





OEBPS/image/Fig._3.jpg
920
s 8 - @ -peel
0 --o--leaf
R —e—stem
2 50
R0
ERET)
& 20
10
0
20 40 0 80 100
A Temperature
100
90
= 80 - @ - peel
z 70 --®--stem
e — -leaf
Z 50
2 40
N
<
& 20
10
0
0 2 4 6 8 10 12
B

pH





OEBPS/image/Open_Access_logo_black.png





OEBPS/image/1.png
Pakistan J. Zool., vol. 55(6), pp 2917-2924, 2023

https://dx.doi.org/10.17582/journal.pjz/20220407200451

Purification and Characterization of Bromelain

from Waste Parts of Ananas comosus for its
Application in Detergent Industry

Fariha Javaid'*, Zahoor Qadir Samra!, Madeeha Shahzad Lodhi'?,
Aroosha Hussain' and Gulnaz Pervaiz!

ISchool of Biochemistry and Biotechnology, University of the Punjab, Quaid-i-Azam
Campus, Lahore, Punjab

’Institute of Molecular Biology and Biotechnology, The University of Lahore, 1-Km
Defence Road, Near Bhuptian Chowk, Lahore, Punjab

ABSTRACT

Bromelain is a thiol-containing cysteine protease isolated from the stem, peel, and leaf parts of Ananas
comosus. Protease accounts for 60% of the total enzyme market. Being a plant-based cysteine protease,
it has various pharmaceutical and biotechnological applications. The isolation and purification cost of the
enzyme is highest, so there is a need to develop cost-effective purification methods. This research work
aims to purify BRM by using magnetic nanoparticles. After purification, BRM enzyme was characterized
and utilized in the detergent industry due to its stability at a wide range of pH and temperature; results
showed that stem BRM has the highest enzyme activity at 23.5 U/ml as compared to crown leaf (11.7
U/ml) and peel (19.5 U/ml). The specific activity of leaf, peel, and stem BRM was determined 0.8, 1.2,
and 1.4 U/mg, respectively. Total protein content was 660 mg, 810 mg, and 865 mg from leaf, peel,
and stem samples. The percentage yield of BRM was determined in the range of 60 to 93 % from these
waste parts of the plant. This study achieved 4, 6, and 7-fold purification for leaf, peel, and stem BRM,
respectively. This study showed positive results for utilizing affinity-purified BRM enzyme in the laundry
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and detergent industry due to its stability in different detergents and destaining properties.

INTRODUCTION

round the globe, plant proteins are being used as a

food source to accomplish human physiological
needs. The plant proteins are mostly proteases that break
the peptide bond leading to the degradation of protein into
amino acids and peptides (Nehete ef al., 2013; Muntari ef
al., 2012; Manzoor et al., 2016). Bromelain is extracted
from the stem, fruit, crown, leaves, and peel of the pineap-
ple plant (Ananas comosus). It has great commercial value
worldwide (Pavan ef al., 2012; Chobotova et al., 2010;
Ramli et al., 2017). Crude extract of BRM has a complex
mixture of cysteine proteases, including other components
such as phosphatases, peroxidases, carbohydrates, and or-
ganic calcium BRM works at a pH range of 5.5-8.0, where
it is stable for longer period of time. The nature of stem
BRM is alkaline, but fruit BRM is slightly acidic (Agrawal
et al., 2022; Ramalingam et al., 2012; De Lencastre No-
vaes et al., 2016; Arshad et al., 2014). Pineapple is 3* most
important fruit, and 18.7 million tons of production was
estimated by 2014 (Bresolin ef al., 2013; Hossain, 2016).
Pineapple fruit represents 23% of the plant part rest is
considered agro-industrial residue, which contains a huge

amount of BRM. Many industrial and pharmaceutical ap-
plications increase the market value of BRM (Martins ef
al., 2014).

BRM is considered a promising drug in the
pharmaceutical industry and has many health benefits,
e.g., reduce pain and swelling, decrease formation of
clots by preventing platelet aggregation (Lopez and Bond,
2008; Souza et al., 2015; Bala, 2015; Rathnavelu ef al.,
2016). BRM has gained attention in different industries
due to its eco-friendly nature and stability, e.g., food,
detergent, baking, textile, wine-making, cosmetics, meat
tenderization, and leather. Proteases account for 60%
of all commercial enzymes worldwide (Zambare et al.,
2011; Shah et al., 2014; Watanabe ef al., 2000; Kaur and
Chakraborty, 2015; Levy and Emer, 2012). In the detergent
industry, proteases are used to enhance the effectiveness of
detergent. The use of enzyme in detergents is environment
friendly because less amount of detergents or chemicals
are used during washing. The major hindrance to protease
utilization in the detergent industry is its stability in
commercial detergents at broad pH and temperature
ranges.

Commercially BRM is produced and purified by using
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