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ABSTRACT
Papain a proteolytic enzyme is one of the enzymes which have various
applications in regard to the food and chemical industry. Papain is isolated
by cutting or making incision on the unripe fruit of papaya. Papain enzyme
is more active in unripe green fruit. Papaya contains a papain enzyme
which will be more helpful in treating the causes of trauma, allergies and
sports injuries also papain has a superior digestion action when compare
to pepsin and pancreatin. Papain is used variously in textile, pharmaceutics
and cosmetics. The papain is extracted from the latex of papaya which
is a major chemical compound used in various industries for numerous
pharmaceutical and industrial products. Researchers interest towards
the enzymes including papain enzyme and it health benefits is favorable.
Fusion of papain in various food systems, it has its own stability issues
which concerns in deactivate or denature of papain enzyme when it
comes in contact with acidic pH inside the body. Several mechanical and
chemical processes based on encapsulation techniques have emerged

that have been tailored to suit the encapsulation of various food bioactive
compounds. Therefore, in order to protect the nature of papain enzyme,
Encapsulation/ Formulation has been proposed as an option. After the
Encapsulation/ Formulation is done the enzyme will improves its stability
issues, maximum therapeutic potential, and also helps in the oral
bioavailability and effective oral delivery of the Papain enzyme.
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INTRODUCTION
In the era of the twenty-first century, the industries and the researchers
are more spreading their attention towards the commercialization of
enzymes, vitamins, proteins, etc. Concerning that, commercialization of
enzymes is the most simple, convenient, and economical in the different
industrial procedures. Papain is one of the enzymes which have varied
applications in the food and chemical industry. Papain is rich in the
unripe papaya (Carica papaya).1 Vitamin A, C, and E are three influential
antioxidant sources that are rich in Papaya; Vitamin B, pantothenic acid
and foliate and fiber; and some minerals, magnesium, and potassium.
In Cardiovascular system improvement, to defensive action towards
heart diseases, heart attack strokes and to avoid the colon cancer whole
nutrients of papaya are helpful.
Additionally, Papaya contains a proteolytic enzyme that will more helpful
in treating sports injuries, allergies, and causes of trauma.2 Papain is
isolated by cutting or making an incision on the unripe fruit of papaya.
Papain enzyme is more active in unripened green fruit.3 Proteolytic
activity is carried out by Papain and it belongs to the family cysteine
proteinase. The literature has been well described the Proteolytic activity
of papain which also includes the Proteoglycans and elastin degradation.4
A proteolytic enzyme, Papain (E.C 3.4.22.2) molecular mass of 23,406
consist of a 212 amino acids polypeptide chain. Papain is used variously
in textile, pharmaceutics, and cosmetics, and food industries.5 Papain
has a superior digestive action when compared to pepsin and pancreatin
which has been explained by Dr. John and Whitman Ray. In 2003,
Papain is generally from the latex of papaya which is a major chemical
compound used in various industries for numerous pharmaceutical
and industrial products. This review focuses principally on two aspects.

Firstly, on understanding the morphological properties and chemistry
of papain, stability issues, and the health benefits regarding the papain
enzyme, and secondly on how it can preserve and the encapsulation
aspects in storing and commercialization of the papain enzymes. This
is the complete review on the papain that endeavors to take part in so
many aspects of enzyme commercialization. This study has been done
to gather information about the papain enzyme and its encapsulation
aspects to backlog the enzyme manufacturing industry in scenarios for
the new applicants.

PAPAIN ENZYME
In 1873, Papain action was first investigated and Publishes an article
entitled “The solvents Action of Papaya Juice on Nitrogenous Articles
of Food” in Calcutta Medical Journal by G. C. Roy. In the 19th century,
Papain was first named by Wurtz and Bouchut, and they did partial
purification of the product from papaya sap. Proteolytic activity in
the Papaya latex of tropical region was recognized when it was the
first named.6 The geometry of the active site was reviewed and the
3-dimensional structure was determined to a 1.65 Angstrom resolution
in 1980s. In the 1990s, the inhibitors and precursors were studied.7

STRUCTURE OF PAPAIN
Papain consists of 212 AA with a molecular weight of 23,406 Da. It is a
single-chain protein with 4 disulfide bridges and with important catalytic
residues in the following positions i.e. Gln 19, Cys25, His 158, and His
159.8,9 Table 1 shows the amino acid composition of the papain. Papain is
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a cysteine hydrolase that is very stable even at elevated temperatures and
also active under a wide range of conditions.10 Denaturing agents in high
concentrations are remarkably rebellious for papain, Such as organic
solvent like 70% Ethanol or 8M urea. Papain may vary with different
substrates but has optimum pH in the range of 3.0-9.0.11
Two well-defined domains of papain are the best system to understand
the folding and unfolding behavior of proteins.12 The protein stabilized
by 3 disulfide bridges in which the molecule along with bridges creates
a strong interaction among the side chains which is dependent on the
stability of enzyme.11,3 Papain consists of 2 distinct structural domains
with a cleft between them within its 3-dimensional structure. The cleft
contains a catalytic diad that has been comparing to the catalytic triad
of chymotrypsin and also cleft contains an active site in it. With the AAs
Cysteine-25 and Histidine-159, Catalytic diad is made of. Aspartate-158
was supposed to play an analogous role of aspartate in the serine protease
catalytic triad, but that had been invalidated.13

STORAGE/ STABILITY
10mg/ml amount of papain is soluble in water. Buffer containing 5mM
L-cysteine can typically dilute the papain enzyme. Its stabilizing or
activation agents include Dimercaptopropanol, Cysteine, and EDTA.14
Papain activity can be maintained after the re-crystallization in 8M urea
solution or 70% methanol and also papain enzyme are stable to some
of the denaturing agents. Papain should be stored at 2-8°C. Meanwhile,
papain solution is pH-dependent and also has good temperature stability.
Under acidic conditions i.e., below 2.8 pH value, Papain solutions are
unstable and also a substantial decrease in the activity.15 There is a loss
of activity of about 1-2% per day for an active enzyme solution which
possibly results in autolysis and/or oxidation.

PAPAIN USES IN VARIOUS FIELDS
The research reported that in chemical excavation for dentin, Papainbased gel has been used.16 In chemo-mechanical dental carries removal
papain is also used and it does not restrict in both strength of restorative
materials to dentin.17 Papain enzyme has a long history of treating the
causes of trauma, allergies, and sports injuries.18 Favorably Papain has
been recognized as notable benefits for use of papain protease in the
case of sports injury with the clinical evidence. Earlier has been testified
that the use of papain protease will heal faster minor injuries instead
Table 1: Papain enzyme’s AA Composition.
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AA

No

AA

No

Lysine

10

Glycine

28

Histidine

2

Alanine

14

Arginine

12

Valine

18

Aspartic acid

7

Isoleusine

12

Asparagine

12

Leusine

11

Glutamic

8

Tyrosine

19

Acid

12

Phenylalanine

4

Glutamine

8

Tryptophan

5

Threonine

13

Cysteine

1

Serine Proline

10

Half cysteine

6

than placebos. Likewise, the curing time of a cut is been reduced from
8.4 days to 3.9 days in who the athletes who are consuming the papain
protease supplements.18,19 Papain is used to overcome the diseases like
hypochlorhydria, leaky gut syndrome, and intestinal symbiosis like
gluten intolerance. They have reported that papain has substantial
anti-inflammatory and analgesic activity against symptoms of acute
allergic sinusitis like toothache pain and headache without side effects.20
Likewise, papain is used in Antihelmintic, cures diarrhea, relieves
dyspepsia, the pain of burns and topical use, whooping cough, and
bleeding hemorrhoids.21
The main proteins which are responsible for tenderness are myofibrillar
and connective proteins that are the reason papain is utilized in the
tenderness of the meat. A commonly used ingredient in the brewery
and meat processing is the papain.22 Papain has application in both hide
tanning and fur because to ensure the uniform dying of the leather and
also actions in the clarifying agent in the food industry. In fighting against
dyspepsia, digestive disorders, and disturbance in the digestive tract
papain is used as a protein digestant.15 In Pharmaceutical preparations,
Papain has been procured to produce high-quality Kunafa, Pastries, and
other local sweets. Gel-based papain enzyme will show Antibacterial,
Anti-inflammatory, and Antifungal properties.23
Carica papaya is an herbaceous plant having self-supporting stems which
are found in tropical and different sub-tropical regions of the world.
Carica papaya plant is the main source of the Papain enzyme.24 Likewise,
Papaya is available almost all over the year because there is no limitation
due to seasonality. Thus, there is no need to assist the agriculturalists
or industrialists in the production of papaya and the significance of
planning a unit of papain. It is reported that 8.17g is the higher papain
yield per fruit and 686.29 g is the highest papain yield per plant in 6
months in a well-managed Papaya production unit.25,26 Industries like
breweries, food, detergents, pharmaceuticals, leather, and preserving
meat and fish, Papain is used in various processes. Subsequently, there
are several good scenarios for Papaya farming, papaya production,
Extraction of papain, and Papain marketing which will be the key source
of income for small-scale farmers.

ENCAPSULATION ASPECTS
To utilize the papain in medical or in the pharmaceutical within foods
and medicine is limited from several factors i.e. chemical instability,
low bioavailability, and instability issues towards pH. Under acidic
conditions, Papain solutions are unstable i.e., pH of below 2.8. It leads to
a substantial decrease in the activity of the enzyme.
To utilize the papain and prevent the activity of the papain in pH
conditions, Encapsulation is a key tool for it.27 A process by which
we can entrap one substance (active agent) within another substance
(wall material), is defined as Encapsulation. The substance used for
encapsulation is called core or active. When the encapsulation is done,
they can name frequently as a shell, capsule, external phase or matrix,
carrier material.28,29
In utmost cases, a bioactive component is fully covered, protected, and
enveloped by a material, without any outcrop of the bioactive components
is referred to as Encapsulation technology.30 Correspondingly, packing of
materials or bioactive components in small capsules helps in controlled
release rate over a sustained period under specific conditions is also
epitomize Encapsulation technology. In the improved delivery of
the bioactive molecules (minerals, vitamins, lutein, enzymes, and
fatty acids) and living cells into food, Encapsulation plays a vital
role.28,30 Encapsulation can be functional for the alteration of physical
characteristics of the original material to:
a) Handling will be easier
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b) Aids in separating the components of the mixture or else it will mix
c) To deliver an acceptable concentration and constant dispersion of an
active agent.31
Consequently, Encapsulation will also help in the improvement of
stability and bioavailability, handling of a product, and in developing the
product for supplementation and food fortification. Encapsulation is a
technique where you can form a coating or wall material to the sensitive
ingredients.32
For the encapsulation of papain, there are different methods for
appropriate delivery system, i.e. sodium alginate beads, microspheres;
enteric coating, Nanofibers, solid lipid nanoparticles, oil-water emulsion,
and complex associated with macromolecules are reported. Depending
upon the methods equipped the effectiveness of Encapsulation
depends.33 Water activity, moisture content, the morphology of
microcapsules, particle size, and encapsulation efficiency will be affected
by the method which is equipped. Oil-in-water nanoemulsions are
the most effective and economical way to increase the stability and
bioavailability of nutraceuticals. Despite having enhanced thermal
stability, Nanoemulsions are also susceptible to environmental stress,
and also encapsulated compounds can be subverted when there is an
alternation in the pH.34
To preserve the activity and improve the stability of the papain, the
Encapsulation process needs to be done. Research conducted by Shushil
et al. 2008 explains an outline about the influence of sodium alginate
beads on entrapment efficiency, results show that when papain is coated
with the alginate beads increases with sodium alginate concentration;
although, when calcium chloride concentration increases it will be
affected. Meanwhile, dissolution studies for the papain-coated alginate
beads for site-specific intestinal delivery are explained.35 In contrast,
Manu Sharma et al. 2011 reported that enteric formulations using
microspheres possibly will aid as a potential carrier for an oral delivery
of papain to ease the digestion of peptides/proteins.36
On the other hand, Manu Sharma et al. 2011 reported that enteric
formulations using HPMC Phthalates, Eudragit L100, and Eudragit S100
particles have great potential as oral delivery of papain to enable the
digestion of proteins in small and large intestine.37 According to Shoba
E et al. 2012, in the preparation of PVA nanofibers loaded with Papain/
Urea, there will be low encapsulation efficiency when papain and urea
concentration was increased by more than 30 wt% of papain and 15 wt%
of urea.38 The research reported by Suriyakala et al. 2018 explains that in
the preparation of solid lipid nanoparticles for the papain Cetyl alcohol
not only acting as a carrier but also acts as a surfactant to influence the
drug entrapment into lipid nanoparticles system.39 Chankhampan et al.
2012 investigated that Papain-loaded PLGA nanospheres, Papain PLGA
nanospheres with loaded papain shows higher chemical stability than
papain in a solution of eight and three times when kept for 6 weeks at
4°C and 25°C.40 As of all the research studies done on the encapsulation
of papain can conclude that to stabilize the activity of the enzyme and
to overcome the instability in stomach pH more research works have
to be done. So with the intention of a suitable carrier delivery system
and to increase therapeutic potential we can adopt an encapsulated
papain enzyme which is improved in its stability issues and also oral
bioavailability.

CONCLUSION
Papaya, widely familiar as a food artifact, has an enormous diversity
of components with extraordinarily miscellaneous configuration.
A noteworthy quantity of experiments on its biological activity has
been executed, as well as their favorable applications. It validates
astounding levels of frequently mentioned nutritional characteristics.
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Hence, a widespread examination of its proper standardization,
kinetics, pharmacodynamics properties, as well as clinical trials is
directly desirable to exploit its therapeutic efficacy and effectiveness to
fight in contradiction of innumerable difficulties and get the better of
deficiency symptoms. Owing courtesy should be paid to its functional,
nutraceutical, and medicinal assets; its food therapy for prevention and
cure of various difficulties and disorders.
The health-stimulating properties of Papain from the Carica papaya
fruit have acquired the consideration of industrialists and researchers.
The price of the natural resources from papaya fruit can be abridged
by reclaim the waste part of the fruit from food processing and
encapsulating it with suitable encapsulation materials. The revised food
processing and extraction technology must also confirm the slightest
oxidization and isomerization of papain. Quantification and exploration
techniques promise reliable results with high accuracy and precision.
Papain will be a recipe that shows activities like high antioxidant
capacity, stability, and bioavailability which will get high priority. There
are frequent and unexplored possibilities for the Papain analysis where
superior consideration should be given to search for economical natural
resources, which are obtained from the waste part of the Papaya. This
would potentially meet the demand of people that lack a proper diet as
well as elder people with chewing problems, especially in the rural areas.
In conclusion, different extracted parts of the papaya fruit continue to be
used in herbal medicine practice for the treatment of chronic or acute
diseases, viral pathologies, and immune modulators. So, therefore, it is
safe to guess that the Papain encapsulation/formulation would be helpful
to mankind.
This review article proposes that Papain will have its stability issues.
Concerns about the stability of the enzyme there is the loss of activity.
The enzyme will deactivate or denature when in contact with the acidic
pH inside the body. Their deactivation will lead to a loss of their purpose.
Therefore, to protect the nature of the enzyme nature, encapsulation/
formulation has been proposed as an option. When the bioactive
compounds are encapsulated, their physicochemical properties will be
preserved in different pH conditions, which help in reaching their target.
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E. C: Electronic Configuration; A A: Amino Acid; Da: Dalton; EDTA:
Ethylene di amine tetra acetic acid; HPMC: Hydroxy propyl Methyl
Cellulose; PLGA: Poly lactic co glycolic acid; Gln: Glutamine; Cys:
Cysteine; His: Histamine.
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