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KEYWORDS ABSTRACT

Bromelain; Papain; Actinidin;, Fruits form an integral part of the human diet and are widely recognised for their
Folin—Ciocaltew  method; Disc nutritional and pharmacological value. The present study was undertaken to compare the
diffusion; DPPH radical ~ protease, antibacterial and antioxidant activities of three commonly consumed fruits —
scavenging activity pineapple (Ananas comosus), papaya (Carica papaya) and kiwi (Actinidia deliciosa).
Protease activity of bromelain, papain and actinidin extracted from the respective fruits was
estimated by the Folin—Ciocalteu method using sodium caseinate as substrate and tyrosine
as the reference standard. Antibacterial activity of the fruit extracts was evaluated against
the Gram-positive bacterium Staphylococcus aureus and the Gram-negative bacteria
Escherichia coli and Klebsiella sp. by the Kirby—Bauer disc diffusion method. Antioxidant
activity was assessed by the DPPH free-radical scavenging assay, with ascorbic acid as the
positive control. Papain from papaya exhibited the highest protease activity (99.343
umol/mLimin), followed by bromelain from pineapple (55.190 umol/mL/min) and actinidin
from kiwi (5.519 pumol/mL/min). Pineapple extract produced the largest zones of inhibition
against all three test organisms, with the greatest inhibition recorded against S. aureus (19
mmy), followed by E. coli (18 mm) and Klebsiella sp. (16—17 mm); all three extracts inhibited
the Gram-positive organism more effectively than the Gram-negative organisms. Pineapple
extract also showed the highest DPPH radical scavenging activity (83.02%), followed by
papaya (81.77%) and kiwi (60.46%). These findings indicate that pineapple, papaya and
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kiwi extracts possess complementary protease, antibacterial and antioxidant properties that

may be exploited in food, pharmaceutical and cosmeceutical applications.

L. INTRODUCTION

Regular consumption of fruits and fruit juices is
widely recommended as part of a healthy diet, owing to
their contribution to digestion, iron absorption and
appetite stimulation. Beyond their nutritional role,
several fruits are valued for bioactive compounds with
pharmacological relevance, including proteolytic
enzymes, antimicrobial phytochemicals and antioxidants
that help mitigate oxidative stress associated with a
range of chronic diseases. These properties have
supported the growing use of fruit-derived compounds
in the pharmaceutical,  food-processing  and
cosmeceutical industries.

Pineapple (Ananas comosus), papaya (Carica papaya)
and kiwi (Actinidia deliciosa) are tropical and
sub-tropical fruits that are cultivated widely and
consumed globally. Each of these fruits contains a
distinct cysteine protease — bromelain in pineapple,
papain in papaya and actinidin in kiwi — that has found
application in meat tenderisation, protein hydrolysis,
wound debridement and digestive-aid formulations
[1-8]. Recent work continues to refine the comparative
kinetic and functional characterisation of these enzymes;
for instance, actinidin has been shown to hydrolyse
with  kinetic and
that of

bromelain and papain, supporting its potential in dairy

whey and milk proteins

thermodynamic behaviour distinct from
protein processing [18].

In addition to their enzymatic activity, extracts of
these fruits have demonstrated antibacterial action
against pathogenic Gram-positive and Gram-negative
bacteria, and antioxidant activity attributable to their
phenolic, flavonoid and ascorbic acid content [9-17].
Fermented and co-enzyme preparations derived from
pineapple and papaya waste have also been reported to
retain notable antibacterial and antioxidant potential,
highlighting the value of these fruits even beyond their
edible pulp [19]. Continued interest in plant-derived
antimicrobial agents as adjuncts or alternatives to
conventional antibiotics has been reinforced by recent
reports on plant-derived compounds and essential oils
acting against clinically relevant Gram-negative
organisms such as Escherichia coli [22, 23].

Despite the individual documentation of these

properties, comparative studies evaluating protease,

antibacterial and antioxidant activities of pineapple,
papaya and kiwi extracts side by side, under identical
experimental conditions, remain limited. The present
study was therefore designed to assay and compare the
protease activity (bromelain, papain and actinidin),
antibacterial activity (against S. aureus, E. coli and
Klebsiella sp.) and antioxidant activity (DPPH radical
scavenging) of pineapple, papaya and kiwi fruit extracts,
with a view to identifying their relative pharmacological

potential.

2. MATERIALS AND METHODS

2.1 Plant Material

Fresh, ripe fruits of pineapple (Ananas comosus),
papaya (Carica papaya) and kiwi (Actinidia deliciosa), of
uniform size and free of visible defects, were procured
from a local retail market. The fruits were transported to

the laboratory and processed on the day of collection.

2.2 Chemicals and Reagents
Phosphate buffer (0.1 M, pH 7.0), phosphate-buffered
saline (0.1 M, pH 7.0), sodium caseinate, trichloroacetic
acid, sodium hydroxide, Folin—Ciocalteu reagent,
L-tyrosine, nutrient broth, nutrient agar, ascorbic acid
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were of
Standard bacterial

Staphylococcus aureus, Escherichia coli and Klebsiella

analytical grade. cultures  of

sp. were used as test organisms.

2.3 Preparation of Fruit Extracts

Fruits were washed and manually peeled, and the pulp
was separated and stored at 4 °C. Fifty grams of pulp
from each fruit was homogenised in an electric blender
and filtered through muslin cloth. Twenty millilitres of
the resulting homogenate was centrifuged at 13,000 rpm
for 15 min at 4 °C, and the supernatant was made up to
50 mL with the appropriate phosphate or PBS buffer.
The

antibacterial and antioxidant assays.

resulting extracts were used for protease,

2.4 Assay of Protease Activity

Protease activity of the extracts (bromelain from
pineapple, papain from papaya and actinidin from kiwi)
was estimated by a modified Folin—Ciocalteu method.

An aliquot (100 pL) of each buffered extract was
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incubated with 1 mL of 1% (w/v) sodium caseinate at 37
°C for 10 min in the presence of 6 mM EDTA, and the
reaction was terminated with 5% trichloroacetic acid.
Following centrifugation, the supernatant was treated
with 0.5 N NaOH and Folin-Ciocalteu reagent, and the
resultant blue colour was read spectrophotometrically at
700 nm. Tyrosine (200-1000 ug) served as the reference
standard, and protease activity was expressed as
pmol/mL/min. All assays were performed in triplicate
and the reported values represent the mean of three

independent determinations.

2.5 Determination of Antibacterial Activity

Antibacterial activity was assessed by the Kirby-Bauer
disc diffusion method. Nutrient agar plates were seeded
with 24 h broth cultures of S. aureus, E. coli and
Klebsiella sp. Sterile discs (10 mm diameter)
impregnated with 25 uL of each fruit extract were placed
on the seeded plates and incubated at 37 °C for 24 h. The
diameter of the zone of inhibition around each disc was

measured in millimetres and recorded.

2.6 Determination of Antioxidant Activity

Antioxidant activity was determined by the DPPH
radical scavenging assay. One millilitre of each extract
was mixed with 1 mL ethanol and 2 mL of 0.2 mM DPPH
solution and incubated in the dark at room temperature
for 30 min. Absorbance was recorded at 517 nm, with
ascorbic acid (50250 ug) as the positive control.
Percentage DPPH scavenging activity was calculated as:
% Scavenging = [(A0

- Al1)/A0] x 100, where AO is the absorbance of the

control and Al is the absorbance of the sample.

2.7 Statistical Presentation

Protease-activity values represent the mean of triplicate
determinations. Antibacterial and antioxidant-activity
values represent single determinations obtained under
the assay conditions described above; formal inferential
statistics (e.g.,, ANOVA, standard deviation) were not
computed for these parameters and comparisons among

samples are therefore presented descriptively.

3. RESULTS

3.1 Assay of Protease Activity

Table 1 presents the protease activity of bromelain,
papain and actinidin extracted from pineapple, papaya

and kiwi, respectively. Papain exhibited the highest

activity (99.343 pmol/mL/min), which was nearly twice

that of bromelain (55.190 umol/mL/min) and
approximately 18-fold that of actinidin (5.519
pmol/mL/min).

Table 1. Protease activity of bromelain, papain and actinidin

extracted from pineapple, papaya and kiwi fruit samples.

S. No. Sample (Protease) Protease Activity
(umol/mL/min)
Bromelain (pineapple) 55.190
Papain (papaya) 99.343
Actinidin (kiwi) 5519

Fig. 1. Comparison of protease activity of fruit samples
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Fig. 1. Comparison of protease activity of fruit samples (Bromelain,

Papain and Actinidin).

3.2 Antibacterial Activity

The zones of inhibition produced by pineapple, papaya
and kiwi extracts against S. aureus, E. coli and Klebsiella
sp. are shown in Table 2. Pineapple extract produced the
largest zones of inhibition against all three organisms,
followed by kiwi and papaya. All three extracts inhibited
the Gram-positive organism (S. aureus) more effectively

than the Gram-negative organisms (E. coli and Klebsiella

sp.).

Table 2. Zone of inhibition (mm) produced by pineapple,
papaya and kiwi extracts against Staphylococcus aureus,

Escherichia coli and Klebsiella sp.

S. No. Sample S. aureus (mm)| E. coli (mm) | Klebsiella sp.
(mm)
1 Pineapple 19 18 16-17
Papaya 14-15 10 10
Kiwi 14-15 12 14
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Fig. 2. Comparison of antibacterial activity of fruit extracts
against test organisms
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Fig. 2. Comparison of antibacterial activity of fruit extracts against test

organisms.

3.3 Antioxidant Activity

Table 3 shows the percentage DPPH radical scavenging
activity of the three fruit extracts. Pineapple extract
exhibited the highest scavenging activity (83.02%),
closely followed by papaya (81.77%), while kiwi showed
comparatively lower activity (60.46%); all three extracts
scavenged more than 50% of the DPPH radical.

Table 3. Percentage DPPH radical scavenging activity of pineapple,
papaya and kiwi fruit extracts.

S. No. Sample DPPH Scavenging Activity
(%)
1 Pineapple 83.02
2 Papaya 81.77
3 Kiwi 60.46

10gig. 3. Antioxidant activity of fruit extracts by DPPH method
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Fig. 3. Antioxidant activity of different fruit samples by the DPPH
method.

4. DISCUSSION

The comparative assay of protease activity revealed
that papain from papaya exhibited markedly higher
activity than bromelain from pineapple and actinidin
consistent with the

from kiwi. This finding is

well-documented proteolytic efficiency of papain and is

in line with recent comparative kinetic studies
confirming distinct hydrolytic behaviour among papain,
bromelain and actinidin on protein substrates [18]. The
relatively low activity of actinidin observed here may
reflect its narrower substrate specificity, which has been
reported to be more restricted towards globular proteins
compared with papain.

The antibacterial screening showed that all three
extracts inhibited the Gram-positive organism S. aureus
more effectively than the Gram-negative organisms E.
coli and Klebsiella sp., a pattern commonly attributed to
the additional outer-membrane barrier of Gram-negative
bacteria that limits the penetration of plant-derived
antimicrobial compounds. Pineapple extract consistently
produced the largest inhibition zones, which may be
related to its protease activity, mild acidity and phenolic
content, factors that have similarly been implicated in
the antibacterial action of fermented pineapple-and
both

Gram-positive and Gram-negative pathogens [19]. The

papaya-derived preparations against
continuing relevance of plant-derived antibacterial
agents against Gram-negative organisms such as E. coli
has also been highlighted in more recent screening
studies

approaches [22, 23].

combining in vitro and computational

The antioxidant assay indicated that pineapple and
papaya extracts possessed comparable and considerably
higher DPPH scavenging activity than kiwi. Fruits are
known to be rich sources of ascorbic acid, phenolics,
flavonoids and carotenoids, and the differences
observed among the three extracts likely reflect variation
in the concentration and composition of these
antioxidant constituents.

Taken together, the protease, antibacterial and
antioxidant profiles observed in this study suggest that
pineapple, papaya and kiwi extracts each offer distinct
but complementary bioactive properties, supporting
their

pharmaceutical and food-preservation applications.

continued relevance in nutraceutical,

5. CONCLUSION
This that
papaya-derived papain possesses the highest protease

comparative  study  demonstrates
activity among the three fruit extracts examined, while
pineapple extract shows the strongest antibacterial and
antioxidant activity. All three extracts were more

inhibitory towards Gram-positive than Gram-negative
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bacteria and retained substantial free-radical scavenging
capacity. These findings support the potential of
pineapple, papaya and kiwi fruit extracts as natural
sources of proteolytic, antimicrobial and antioxidant
agents for application in the food, pharmaceutical and
cosmeceutical sectors. Further studies incorporating
replicate-based statistical validation, phytochemical
profiling and in vivo evaluation are recommended to

substantiate these findings.

ACKNOWLEDGEMENTS
The authors thank the Department of Biochemistry, Yogi
Vemana University, Kadapa, for providing the

laboratory facilities used in this study.

Conflict of interest statement
Authors declare that they do not have any conflict of

interest.

REFERENCES

[1] Bartholomew DP, Paull RE, Rohrbach KG. The Pineapple: Botany,
Production, and Uses. Wallingford: CABI; 2003.

Ming R, VanBuren R, Wai CM, et al. The pineapple genome and
the CAM  photosynthesis. ~ Nat
2015;47(12):1435-1442.

Morton JF. Papaya. In: Fruits of Warm Climates. West Lafayette:

(2]

evolution  of Genet.

(3]
Purdue University Center for New Crops and Plant Products; 1987.
p. 336-346.

[4] Chavez-Pesqueira M, Nufiez-Farfan J. Domestication and genetics

of papaya: a review. Front Ecol Evol. 2017;5:155.

[5] Morton J. Kiwifruit: Actinidia deliciosa. In: Fruits of Warm

Climates. West Lafayette: Purdue University Center for New Crops

and Plant Products; 1987.

Boland M. Kiwifruit proteins and enzymes: actinidin and its

practical applications. Adv Food Nutr Res. 2013;68:59-80.

Kaur L, Rutherfurd SM, Moughan PJ, Drummond L, Boland M].

Actinidin enhances gastric protein digestion as assessed using an

Food Chem.

(6]

(7]

in vitro gastric
2010;58(8):5068-5073.

Zubaidy MA. Optimizing extraction conditions of actinidin from
(Actinidia Al-Mustansiriyah ] Sci.
2017;28(3):61-67.

Babalola BA, Akinwande Al, Gboyega AE, Otunba AA. Extraction,
purification and characterization of papain cysteine-proteases from
the leaves of Carica papaya. Sci Afr. 2023;19:e01526.

Pramanik D, Chakraborty P, Mondal KC, et al. Extraction,

purification and characterization of proteases from papaya (Carica

digestion model. ] Agric
(8]
kiwifruit deliciosa).

(%]

(10]

papaya) L. latex. Int ] Biol Macromol.
[11] Saptarini N, Rahayu D, Kusuma SAF. Protease activity and
characterization of bromelain extract of pineapple (Ananas
comosus (L.) Merr.). Rasayan ] Chem. 2019;12(4):2074-2081.
Karlowsky JA, Draghi DC, Jones ME, Thornsberry C, Friedland IR,

Sahm DF. Surveillance for antimicrobial susceptibility among

(12]

93

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

e
International Journal for Modern Trends in Science and Technology

clinical isolates of Pseudomonas aeruginosa and Acinetobacter
baumannii from hospitalized patients in the United States, 1998 to
2001. Antimicrob Agents Chemother. 2003;47(5):1681-1688.

Mittal R, et al. Synthesis and antibacterial activities of bromelain
against Escherichia coli and Staphylococcus aureus.

Bernard E, Mathew C. Antibacterial activity of Carica papaya seed
extracts on Escherichia coli. 2021.

Guo C, Yang J, Wei ], Li Y, Xu ], Jiang Y. Antioxidant activities of
peel, pulp and seed fractions of common fruits as determined by
FRAP assay. Nutr Res. 2003;23(12):1719-1726.

Sreeramulu D, Vijayakumar Reddy C, Raghunath M. Antioxidant
activity of commonly consumed cereals, millets, pulses and
legumes in India. Indian ] Biochem Biophys. 2009;46:112-115.
Moure A, Cruz JM, Franco D, et al. Natural antioxidants from
residual sources. Food Chem. 2001;72(2):145-171.

Kaur S, Vasiljevic T, Huppertz T. Milk protein hydrolysis by
actinidin — kinetic and thermodynamic characterisation and
comparison to bromelain and papain. Foods. 2023;12(23):4248.
Tallei TE, et al. Antibacterial and antioxidant activity of ecoenzyme
solution prepared from papaya, pineapple and Kasturi orange
fruits: experimental and molecular docking studies. ] Food Process
Preserv. 2023;2023:5826420.

Lima LAS, Pimenta LP, Boaventura MAD. Acetogenins from
Annona cornifolia and their antioxidant capacity. Food Chem.
2010;122(4):1129-1138.

Jain S, Shukla AK, Panwar S, Kumar R, Kumar A. In vitro
antibacterial activity of antibiotics and plant essential oils against
Escherichia coli MTCC443 supported through molecular docking
and pharmacokinetics study. Biotechnol Appl Biochem.
2024;71(4):868-880.

Bogra P, Shukla AK, Panwar S, Kumar A, Singh ], Singh H.
Inhibition profiling of Bestatin against the aminopeptidase B: in
in vitro Biochem Microbiol.

silico and

2024;60(1):124-131.

approach. Appl




