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INTRODUCTION 
 

Pineapple (Ananas comosus L. Merr.) is a tropical fruit 

belonging to the family of Bromeliaceae (Ayala-Zavala 

et al., 2010) having a short stem and slender hard leaves 

that grow to medium to large-sized fruit. It is the third 

most important tropical fruit produced globally after 

bananas and mangos (Piana et al., 2005; Jovanovic et al., 

2018). The processing of fruits results in the generation 

of big quantum of waste in the form of peel, pomace, 

stones and seeds. Such wastes are generally rich in bio-

constituents such as fiber, pectin, cellulose, starch, 

phenolics, pigments and other useful materials. 

Biological conversion of such wastes into enzymes 

through solid-state fermentation have been worked out 

extensively (Raveendran et al., 2018).There are reports 

of fermentative production of multienzyme using fruit 

peels of mango, pomegranate, apple, banana, orange, etc 

(Li et al., 2015; Sagar et al., 2018). 

 

Recycling pineapple wastes by using pineapple waste as 

potential lead to discover new drugs to control some food 

poisoning and other infectious bacteria is a promising 

aim. Antimicrobial properties of various extracts from 

pineapple peel have recently been of great interest 

because of their possible use as natural additives 

emerged from a growing tendency to replace synthetic 

antimicrobials with natural ones (Lubiana et. al., 2019). 

 

The antibacterial activity revealed by the pineapple 

extracts might be due to presence of polyphenols, 

flavonoids, saponins and other secondary metabolites 

present in the extract. Flavonoids and polyphenols are 

more potent in inhibiting gram-positive bacteria. Both 

are phenolic compounds which have polar properties 

mostly work in the peptidoglycan layer in gram-positive 

bacteria rather than the non-polar lipid layer. Most plant 

phenolic compounds are non-toxic for human 

consumption therefore they could be used to prevent 

growth of many food-borne and food spoilage 

microorganisms. These phenols have the ability to 

denature the protein and its lipophilic nature helps them 

to attract the lipid molecules contained in the cell 

membranes and damage the bacterial cell membrane 

(Maurer et al., 2001). 

 

Fruit markets, vegetable markets, restaurants, and food 

processing industries are the prime contributors to pre-

consumer type waste such as vegetables, fruits, and its 

peels in large quantities (Arunand Sivashanmugam, 

2015). Sixty percent of pre-consumer type waste 

produced by food processing industries is made up of 

organic matters (Arun and Sivashanmugam, 2015). At 

present, the management of such organic waste is a 

significant global issue. Value added bio-products can be 

produced from the organic waste which also reduce the 

emission of greenhouse gas when disposed to landfill 

(Arun and Sivashanmugam, 2015). 

Research Article 

 

ISSN 2454-2229 wjpls, 2022, Vol. 8, Issue 8, 259-265 

World Journal of Pharmaceutical and Life Sciences 
WJPLS 

 

www.wjpls.org SJIF Impact Factor: 6.129 

Corresponding Author: Barate D. L. 

Department of Microbiology, Shri Shivaji College of Arts, Commerce and Science, Akola, India. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 
 

Waste utilization in fruits and vegetable processing industries is one of the important and challengeable jobs 

around the world. It is anticipated that the discarded fruits as well as its waste material could be utilized for future 

purposes viz. Fermentation. In the present study the pineapple waste consisting of pulp, crown leaves and peels 

were used. This study is carried out for analysis of multienzyme and antibacterial efficacy of fermented broth 

prepared by using Saccharomyces cerevisae, Aspergillus niger and Bcaillus subtilis. After fermentation enzyme 

activity was detected qualitatively by agar plate method for amylase, protease, lipase and cellulase activity and 

antimicrobial efficacy against S. aureus, Enterococcus spp., Bacillus spp., E. coli and Klebsiella pneumoniae were 

analyzed. The results showed presence of varied multienzyme activity and also susceptibility pattern of isolates 

toward the multienzyme preparation. 
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In 2006, a researcher from Thailand named Rosukun 

developed a solution form product using organic solid 

waste and named it garbage enzyme (Arun and 

Sivashanmugam, 2015).  This enzyme is a composite 

organic substance made up of organic acids, protein 

chains (enzyme), and mineral salts produced by the 

fermentation of waste vegetables, fruits or its peels, 

sugar, and water. The garbage enzyme can be applied to 

compose, decompose, transform, and catalyze 

(Selvakumar and Sivashanmugam, 2017). Besides, this 

enzyme solution works in the same way as commercial 

hydrolytic enzyme as it is able to achieve a high level of 

degradation within a short period. Thus, it can be utilized 

as a low-cost alternative to improve waste water 

treatment processes through the removal of impurities, 

harmful sludge, and bacteria, which in turn promotes 

recycling of waste back into the earth (Tang and Tong 

2011).  Thus the present study was put forth to study the 

multienzyme and antibacterial potential of fermentation 

broth from the pineapple fruit waste. 

 

MATERIAL AND METHODS 
 

Collection of sample 

Pineapple waste was collected from local vegetable 

market and juice centres of Akola city. The waste 

consisting of pulp, crown leaves and peel was used. The 

samples were firstly washed with tap water and then with 

distilled water to remove any dust particles repeatedly. 

The sample was then homogenized and further used in 

experimental studies.  

 

Production of multienzyme 

The  fermentation media was prepared by mixing (Pulp-

100ml / Crown leaf-100 ml / Peel – 100g) substrate in 

Erlenmeyer flasks with  D-glucose-1g; (NH2)2SO4 – 

2.5g; KH2PO4 – 0.5g; MgSO4.7H2O – 0.25g;  NaCl – 

0.05g; CaCl2 – 0.05g ;  Distilled water - 500ml; pH – 

5.5). The media was sterilized in autoclave at 121°C for 

15 Lbs pressure prior to the fermentation process. 

Thereafter, it was cooled to room temperature. Then the 

culture of Saccharomyces cerevisae, Aspergillus niger 

and Bacillus subtilis was inoculated separately to the 

flask and kept for incubation for 30 days at room 

temperature for Aspergillus niger, Saccharomyces 

cerevisae and 37°C for Bacillus subtilis. After 

fermentation period, filtration and centrifugation process 

was done and filtrate was used for further process as 

crude multienzyme preparation. Protein content of Crude 

Multienzyme was determined by the Folin-Lowry 

method. 

 

Screening of multienzyme activity of fermentation 

medium 

(a)  Qualitative Enzyme Assay for Amylase Activity 

For amylase enzyme activity, agar-agar with 1% starch 

was prepared aseptically. With help of sterile cork borer, 

5mm size wells were made in which 100μl of 

fermentation medium prepared from pineapple waste 

was inoculated then the plates were incubated for 24 

hours at 37°C. Hydrolysis of starch was visualized as 

clear zones around the wells of plates against deep blue 

brown colour for starch by flooding with iodine solution 

(Emimol et al., 2012). Diameter of the clear zone was 

measured and the activity level of the microorganisms 

was determined by the diameter of the clear zone 

formed. 

 

(b)  Qualitative Enzyme Assay for Cellulase Activity 

The cellulase agar was prepared with 1% carboxyl 

methyl cellulose aseptically. With the help of sterile cork 

borer of 5mm size, wells were made in plates in which 

100μl fermentation medium prepared from pineapple 

waste was inoculated in well and plates were incubated 

at 37°C for 24 hours - 48 hours, the plates were flooded 

with 0.3% congo red solution for 10 minutes.. Cellulase 

production is visualized by translucent zone around the 

well. Diameter of the translucent zone was measured and 

the activity level of the microorganisms was determined 

by the diameter of the translucent zone formed 

(Thirumurugan 2016). 

 

(c)  Qualitative Enzyme Assay for Protease Activity 

The casein hydrolysis test was done by inoculation of the 

multienzyme to be tested on the agar plates containing 

1% skimmed milk powder. With help of sterile cork 

borer of 5mm size wells, were made prepared in 100μl of 

fermentation medium prepared from pineapple waste 

was inoculated then the plates were then incubated at 

37°C for 24 hours-48 hours. Formation of a clear zone 

was observed around the well and the diameter of the 

clear zone was measured. Diameter of the clear zone was 

measured and the activity level of the microorganisms 

was determined by the diameter of the clear zone formed 

(Sazci et al., 1986). 

 

(d)  Qualitative Enzyme Assay for Lipase Activity 

Egg yolk agar medium was prepared. With help of sterile 

5mm cork borer, wells were made. The wells were 

labelled by the name of the sample to be inoculated. 

100μl of each sample was added to well. The plates were 

at 37°C for 24 hours. After the incubation, the clear zone 

of hydrolysis was observed around well (Emimol 2012). 

 

Screening of antibacterial potential of fermentation 

broth containing crude multienzyme 

The crude extract of multienzyme was screened for its 

antimicrobial activity i.e. determination of zone of 

inhibition against tested organisms by agar well diffusion 

method as given by Balouiri et al., (2016). According to 

CLSI 2012, 3- 4 fresh bacterial culture colonies were 

inoculated in nutrient broth and incubated for 4 hours 

then compared its turbidity standard 0.5 McFarland. The 

culture was inoculated on Muller Hinton Agar plates 

evenly. Then with the help 5mm sterile cork borer, wells 

were made in the inoculated media plates. The 100μl of 

the suspension of different mixture of enzyme was 

inoculated into the well with the help of micropipette. 

The plates were then left for half an hour and incubated 

at 37°C overnight. After incubation, the plates were 

viewed for the zone of inhibition around the well. 
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RESULTS AND DISCUSSION 
 

The production media were prepared using different 

substrates from pineapple waste such as pulp, crown 

leaves and peels and inoculated with above said 

organisms and incubated for period of 30 days. After 

incubation the fermented broth medium was analyzed for 

presence of enzyme activity for amylase, cellulase, 

protease and lipase along with determination of protein 

into the sample. The protein content into the crude 

multienzyme sample was analyzed by Folin Lowry 

Method. Standard graph of bovine serum albumin was 

prepared (Fig 1) for determination of protein content into 

the samples. It was found that the protein content into the 

crude enzyme prepared using S.cerevisae with pulp was 

162 ug/ml, peels 143 ug/ml and leaves 160 ug/ml. The 

crude enzyme prepared from A.niger with substrate peels 

was found to have protein content 180 μg/ml followed by 

pulp 135 ug/ml and leaves 168 ug/ml. while in case of 

B.subtilis crude enzyme preparation from peels showed 

182 ug/ml, pulp showed 92 ug/ml and leaves showed 111 

ug/ml protein content (Fig 2). 

 

Qualitative determination of multienzyme activity of 

crude sample from pineapple waste for amylase, protease 

cellulase and lipase activity is shown in (Fig 3) It was 

found that using S.cerevisae for pulp as substrate 

amylase and protease showed the same activity which 

was 20mm and also cellulase and lipase showed the same 

activity by producing zone 10mm. In case of leaves 

substrate amylase and cellulase showed same activity 

which was 20mm and also protease and lipase showed 

same activity i.e. 15mm. In case of peels as a substrate 

amylase, protease cellulase and lipase showed same 

activity which was 15mm zone of clearance. 

 

In case of A.niger in which pulp used as a substrate 

amylase and cellulose showed the same activity which 

was 10mm followed by protease 15mm and lipase 20mm 

zone of clearance. In case of leaves substrate protease 

showed the highest activity (20mm) and amylase and 

lipase showed same activity (15mm) followed by 

cellulase (10mm). In case of peels as a substrate amylase 

showed the highest activity (20mm) and protease, 

cellulase, lipase showed slight and same activity10mm. 

In case of B.subtilis used for production using pulp as 

substrate amylase, protease and lipase showed same 

activity (15mm) followed by cellulase (10mm). In case 

of leaves as substrate amylase and protease showed same 

activity (10mm) and cellulase and lipase showed same 

activity (15mm). In case of peels as substrate amylase 

and lipase showed the same activity which was (20mm) 

followed by protease and cellulase which showed 16mm 

and 10 mm zone of clearance. 

 

The antibacterial activity of crude multienzyme was also 

checked against Enterococcus spp., S. aureus, Bacillus 

spp., E. coli and Klebsiella pneumoniae in (Table1). It 

was found that using S. cerevisiae and pulp as substrate 

showed the highest activity against Bacillus spp. which 

showed 15 mm zone of inhibition followed by 

Enterococcus spp. which showed 11mm zone of 

inhibition while against S. aureus, E.coli and Klebsiella 

pneumoniae no activity was recorded. In case of leaves 

as substrate highest zone of inhibition was recorded 

against E. coli 16 mm followed by Enterococcus spp. 

15mm, S. aureus 10mm and Bacillus spp. 12mm while 

no zone was produced against Klebsiella pneumoniae. In 

case of peels as substrate Enterococcus spp. showed 

highest zone of inhibition which was 21mm followed by 

S. aureus 10mm, Bacillus spp. 16mm and E.coli (15mm) 

while no zone was produced against Klebsiella 

pneumoniae. 

 

In case of A. niger and as pulp substrate crude 

fermentation broth showed the highest activity against 

E.coli (16mm) followed by Enterococcus spp. (12mm), 

S. aureus (15mm), Bacillus spp. (12mm) and no activity 

was recorded against Klebsiella pneumoniae. In case of 

leaves as substrate Enterococcus spp. showed highest 

zone of inhibition (20mm) and S.aureus showed less 

zone (11mm) followed by Bacillus spp. (17mm), E.coli 

(16mm) and Klebsiella pneumoniae (12mm). In case of 

peels as substrate Enterococcus spp. and Klebsiella 

pneumoniae showed the same activity which was 10mm 

while S.aureus and E.coli showed same activity i.e. 12 

mm followed by Bacillus spp. with 16 mm zone of 

inhibition. In case of B. subtilis using pulp as substrate 

no activity was recorded against Enterococcus spp, 

S.aureus and Bacillus spp. Only E.coli and Klebsiella 

pneumoniae showed the activity with 11mm, 12mm zone 

of inhibition. In case of leaves as substrate E.coli and 

Klebsiella pneumoniae showed the same activity which 

was 11mm followed by S.aureus 10mm zone of 

inhibition while against Enterococcus spp. and Bacillus 

spp. no activity was recorded. In case of peels as 

substrate showed the prominent activity against E.coli 

and Klebsiella pneumoniae which showed 16 mm zone 

of inhibition followed by S.aureus and Bacillus spp. 

which showed 12mm and 13mm zone of inhibition while 

against Enterococcus no activity was recorded. 
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Table 1: Antibacterial activity of crude multienzyme from Pineapple waste. 
 

Sr. 

No. 
Isolate used 

Substrate 

used 

Zone of inhibition (in mm) 

Enterococcus 

spp. 

S. 

aureus 

Bacillus 

spp. 

E. 

coli 

Klebsiella 

pneumoniae 

1. S. cerevisae 

Pulp 11 - 15 - - 

Leaves 15 10 12 16 - 

Peel 21 10 16 15 - 

2 A. niger 

Pulp 12 15 12 16 - 

Leaves 20 11 17 16 12 

Peel 10 12 16 12 10 

3 B. subtilis 

Pulp - - - 11 12 

Leaves - 10 - 11 11 

Peel - 12 13 16 16 

 

Antibacterial potential of multienzyme preparation against clinical pathogens 

   
Enterococcus  spp. S. aureus Bacillus spp. 

  
Klebsiella pneumoniae. E. coli 

 

DISCUSSION 
 

In the present investigation the utilization of pineapple 

waste such as pulp, peels and crown leaves was analyzed 

for production of multienzyme. In the present study the 

multienzyme production was analyzed which showed the 

amylase, protease, cellulase and lipase activity from all 

the medium prepared using different substrates and 

organisms. The results obtained were supported by other 

researchers who also reported the production of 

multienzymes as Neupane and khadka (2019) reported 

the amylase, gelatinase, protease, lipase and cellulase 

production from different fruits and vegetable to which 

they termed as garbage enzyme. This study also used 

pineapple as one of the substrate for the production. 

Other studies of Thirumurugan (2016); Madhumithah et 

al., (2011); Reji and Pradeep (2019); Mavani et al., 

(2020) have also reported production of multienzymes 

using various waste such as fruits and vegetables 

amongst pineapple, orange and papaya ecoenzymes have 

been shown potential for various purposes. 

 

In the present study antibacterial activity was also 

determined against some common human pathogens. The 

results showed presence of varied susceptibility pattern 

of isolates toward the multienzyme preparation this is 

similar with other studies who also reported the 

antimicrobial potential of multienzyme preparations 

(Bhavani Prakash 2011; Arun and Sivashanmugam 2015; 

Neupane and Khadka 2019; Saramanda and Kaparapu 

2017; Mavani et al., 2020; Aartheeswari and Kirthiga 

2021). 

 

CONCLUSION 
 

It can be concluded that pineapple waste can be a good 

source for production of multienzyme. The finding of the 

study confirms the enzymatic activities of fermented 
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broth for amylase, protease, cellulase and lipase which 

found as a crude mixture of these multienzymes. Further 

the study also concludes that the multienzyme 

preparation also exhibits the antibacterial potential. 

These eco-friendly multienzyme preparations would be 

effective in many ways to the environment and society as 

it may useful in various applications, can be environment 

friendly and produced from cheap sources. 
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