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Abstract

Degumming process is a fundamental process for silk yarn and silk fabric finishing. The
main objective is scouring the substrate such as silk gum (sericin), wax and fatty acid from silk
fiber. The principle of degumming process is destroying the peptide linkage of amino acid in
sericin structure into a small molecule which is soluble in water. The hydrolysis reaction
performed by acid, alkaline, enzyme, surfactant as soap, and high pressure steam process. The
conventional methods favor degumming with soap and sodium carbonate. This process has a
problem on the surface area of silk. Proteolytic enzymes can answer this problem but it seldom
use because of a specific condition and high cost. For this reason, the insteading of papain
enzyme from dry latex of Carica payapa Linn. was decided to use for silk degumming at any
condition study.

This research was concerned with the silk degumming using papain enzyme form dry
latex of Carica payapa Linn. The degumming process was performed at the temperature vary
from 55 - 85 degree Celsius, time from10 to 40 minutes and the amount of dry latex ranging
from 0 to 4% owf in order to study the suitable condition for degumming and surface
morphology. The efficiency of degumming process was evaluated by determination of tensile
strength and staining test with diregt dyes (C.I. Direct Red 80), . Stajning result,will be opposed to
degumming efficiency. The result was revealed; the appropriate conditions for silk degumming
with dry Carica payapa Linn.’s latex were recommended as follows : the amount of dry latex
solution of 4 % owf at 75 degree Celsius for 30 minutes. The degummed fibers leaves lustrous,

soft and surface smooth. This condition does not have effect to tensile strength and fiber surface.

Keywords: degumming, papain
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20 2.105
55

30 2.090

40 2.034

10 1.623

20 1.575
65

30 1.467

40 1.315

10 1.571

20 1.447
75

30 1.342

40 1.202

10 1.614

20 1.584
85

30 1.485

40 1.315
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Maznsaenn lny .
. MNINAT (K/S)
gL (°C) 1791 (M)

Trua 3 2.516
85 (Soap + Na,CO,) 60 0.232
100 (Soap + Na,CO,) 60 0.163

10 2.124

20 2.105
55

30 1.974

40 1.875

10 1.564

20 1.505
65

30 1.367

40 1.115

10 1.487

20 1.347
75

30 1.304

40 1.202

10 1.514

20 1.470
85

30 1.385

40 1.201
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AIENITANN 1HN ' .
~ AMsARE (K/S)
aungi (°C) (381 ()

Inuau K 2.516
85 (Soap + Na,CO,) 60 0.232
100 (Soap + Na,CO,) 60 0.163

10 2.014

20 1.974
55

30 1.875

40 1.784

10 0.407

20 0.387
65

30 0.354

40 0.301

10 0.479

20 0.329
75

30 0.243

40 0.215

10 0.491

20 0.448
85

30 0.44

40 0.343
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AzMIaeNN Ny ' .
- AMMsAaG (K/S)
auHgN (°C) A (4N)

Tyud : 2.516
85 (Soap + Na,CO,) 60 0.232
100 (Soap + Na,CO,) 60 0.163

10 2.023

20 1.987
55

30 1.921

40 1.754

10 0.371

20 0.339
65

30 0.279

40 0.268

10 0.266

20 0.213
75

30 0.181

40 0.156

10 0.451

20 0.359
85

30 0.279

40 0.268
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Papain Production

Introduction

A common enzyme known as papain is obtained from the green papaya (pawpaw) fruit.
Enzymes are proteins that can increase the rate of biological changes such as the ripening of fruit.
At the end of an enzyme catalyzed reaction the enzyme itself is unchanged and is able to react
again.

Enzymes can be gencrally recognized by the ending -ase. This either indicates the nature
of the substance affected by the enzyme (e.g. carbohydrase acts on carbohydrate material and
proteases acts on proteins) or to indicate the nature of the reaction e.g. transferases catalyze the
transfer of atoms or groups of atoms within a substance.

Enzymes occur naturally in foods and many traditional food processing technologies
involve the use of enzymes. Today, with more advanced knowledge of food science these enzymes
can be extracted, concentrated and added to foods during processing (e.g. meat tenderizers). Table
1 describes some of the traditional technologies and the enzymes involved. It is worthwhile noting
that only relatively recently has a detailed understanding of the enzyme-catalyzed reactions

involved in these food processing technologies become known.

Table 1: Traditional food processing using enzymes

Traditional food  processing
Enzymes used To catalyze reaction Reason
technologies
Amalase in - flour | Starch-maltose, Produce sugars for yeast
Maltase  in yeast | maltose-glucose, action and CO, to aerate
Breadmaking
: Zymase in yeast glucose-carbon dioxide | bread
& ethanol
Coagulation of milk
Cheese production Rennin in rennet To help form curd
. protein
Amylases, maltases Produce sugars for yeast
Alcoholic drink and zymase in raw | dioxide & ethanol action and CO* for
materials ‘texture’
Oxidases in leaf and | Polymerisation of | Give desirable colour and
Tea and coffee bean colourless phenlic | flavour to tea infusions
compounds to brown
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One important group of enzymes are called proteases. These are enzymes which catalyze
the breakdown of proteins. Childproofing of beer, see Table 1, tenderization of meat and the
production of dough for pizzas and batters for waffles and wafers are applications of proteases in
the food processing industry. The most common of these proteases is papain.

A word of caution - there are a number of special difficulties in setting up small-scale
papain production and very thorough research is needed before attempting to start such a
programmed. Specifically these are as follows:

- Papain is potentially dangerous - prolonged contact will damage the skin of workers'
hands and in some cases it may cause allergic reactions.

- The market for papain in Europe is getting smaller as alternatives are found and it
may be banned from some foods (e.g. beers) in the near future.

- Low grade (sun dried) papain has a much smaller market than higher quality spray
dried papain (see below). Therefore a thorough market survey should be made to ensure that the
product can be sold.

- Plantations of papaya trees are needed for economical production-collection from a

few trees in home gardens is not a viable activity.

Papain: source and uses

Papain is in the dricd latex obtained from the papaya fruit (Carica papaya L). It is the
protease which is most commonly used for the food processing applications mentioned above.
However, other proteases which are important are ficin which is obtained from figs and bromelain
which is obtained from pineapple.

Papain is used in the pharmaceutical industry, in medicine as well as in the food processing
industry (e.g. in the preparation of vaccines and for the treatment of hard skin). It also has
veterinary applications such as deworming of cattle. Papain is also used in the tanning of leather
and has applications in the paper and adhesive industries as well as in sewage disposal. Medical

research includes plastic surgery on cleft palates using papain.

Methods of collection and extraction
Papain'is'obtained by cutting the skin of the unripe but almost mature papaya and then

collecting and drying the latex which flows from the cuts. Tapping of the fruit should start early in
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the moming and finish by mid-late moming (ie during periods of high humidity). At low humidity
the flow of latex is low.

Two or three vertical cuts (except the first cut, see below) 1 — 2 mm. deep are then made,
meeting at the base of the fruit. The incisions are made using a stainless steel razor blade set into a
piece of rubber attached to a long stick. The blade should not protrude more than about 2mm as
cuts deeper than 2mm risk juices and starch from the fruit pulp mixing with the latex which lowers
the quality. -

Fruits should be tapped at intervals of about 4 - 7 days and for the first tapping it is usually
sufficient to make only one cut. On subsequent tapings the two or three cuts are spaced between
earlier ones (as explained above).

After about 4-6 minutes the flow of latex ceases. A dish is used to collect the latex and the
latex is then scraped into a polythene lined box with a close fitting lid; such a box should be stored
in the shade. The use of a close fitting lid and keeping the box in the shade are both important
because they reduce the reactions which cause the loss of enzyme activity. Foreign matter such as
dirt and insects in the latex should be avoided. Latex adhering to the fruit should be carefully
scraped off and transferred to the collecting box. However, dried latex should not be mixed with
fresh latex as this lowers the quality.

When handling fresh latex, care should be taken to ensure that it does not come into
contact with skin as it will cause burning. Neither should it come into contact with heavy metals
such as iron, copper or brass as this causes discoloration and loss of activity. Pots, knives and
spoons should not be used unless they are made from plastic or stainless steel. Fresh latex does not
keep well and should be dried to below 5% moisture (when it will have a dry and crumbly texture)
as soon as possible. |

After two or three mon';hs the fruits are ripe and should be removed from the tree. The ripe
fruits are edible but have very little sale value because of their scarred appearance. However, the
skin of the green ripe papaya does contain about 10% pectin (dry weight) and the fruits could be

processed to extract this.

Drying of papaya latex
The method of drying is the main factor that determines the final quality of papain. There

have been various grades used since papain became an international commodity. Up to the mid
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1950s when papain from Sri 1.anka dominated the market three grades were known: 1 - fine white
powder, 2-white oven-dried crumb, and 3-dark sun-dried crumb.

Up to the 1970s there were two grades: 1- first or high grade oven-dried papain in powder
or crumb form usually creamy white in colour, and 2-second or low grade sun dried brown papain
in crumb form.

Since 1970 as a result of new processing techniques papain has been re-classified into three
groups: 1—>crude papain - ranging from first grade white down to second grade brown. 2-crude
papain in flake or powder forin - sometimes referred to as semi-refined. 3-spray dried crude papain

-in powder form, referred to as refined papain.

Sun drying
Sun drying gives the lowest quality product as there is considerable loss of enzyme activity
and the papain can easily turn brown. However, in many countries sun drying is still the most

common processing technique for papain. The latex is simply spread on trays and left in the sun to

dry.

Oven drying

Papain driers can be of simple construction. In Sri Lanka they are generally simple out-
door stoves (about one meter high) made out of mud or clay bricks. Drying times vary but an
approximate guide is 4-5 hours at a temperature of about 35 - 40°C. Drying is complete when the
latex is crumbly and not sticky. A better quality product is obtained if the latex is sieved before
drying. The dried product should be stored in air-tight and light-proof containers (e.g. sealed clay

pots or metal cans) and kept in a cool place. Metal containers should be lined with polythene.

Spray drying
This is not possible at small-scale. A considerable investment in equipment (eg £10,000)
is required. However, spray dried papain may be bought for the small-scale processing of foods.
Spray dried papain has a higher enzyme activity than other papains and is totally soluble in
water. Extreme care must be taken when handling this form of papain because it can cause
allergies and emphysema if inhaled. For this reason spray dried papain is often encapsulated in a

gelatin coat.
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Enzyme activity

If papain is to be exploited commercially for an export market or local food industry use, it
is important to be able to detcrmine the enzyme activity. The method is known as assaying. The
assaying could be carried out by, for example, the National Standards office.

Papain is used to hydrolyse (or breakdown) proteins. Therefore assays to measure papain
activity are based on measuring a product of the hydrolysis. There are two main assay methods.
The first relies on the abiiity of papain to clot milk. It is a low cost method but is time consuming.
Also the lack of a standard mcthod to find the clotting point and variations in the milk powder used
can introduce errors.

In this method a known amount of papain sample (made by dissolving a known weight of
papain in a known volume of a solution of acetic acid) is added to a fixed amount of milk (made by
dissolving a known weight of milk powder in a known volume of water) which has been warmed to
30 °C in a water bath.

The contents are thoroughly mixed and then observed until the first signs of clotting
(formation of lumps) are detected. The time taken to reach this stage, from when the papain was
added to the milk, is recorded. The experiment is then repeated using different known amounts of
papain solutions. The differcnt amounts of papain sample used should give a range of clotting
times between 60 and 300 seconds for optimum results.

The activity of the papain sample is then calculated by plotting a graph, finding the time
taken to clot milk-at an infinite concentration of papain and then using that value in a formula to
calculate the activity.

To introduce a measure of standardization the amount of milk can be fixed at a certain
known concentration. This is done by reacting a known concentration of high grade papain with
the milk. The concentration of milk powder solution can then be adjusted to obtain the desired
clotting time under fixed reaction conditions. The 'activity of pure papain' at this known amount of
milk can then be calculated. Testing the sample papain under the same reaction conditions and
same (known) amount of milk will then give an activity relative to the pure papain.

The second method is based on the science of the absorption of light known as
absorptiometry. This is the analytical technique for measuring the amount of radiation (or 'color’ of

light) absorbed by a chemical solution.
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It is known that, for example, a yellow-colored solution will absorb blue light. (Blue is the
'complement color’ to yellow). The greater the concentration of yellow in the solution the more the
absorption of blue light. This is a useful discovery because certain products of chemical reactions
are colored. The more intense the color, the greater the concentration of product. Therefore by
shining the relevant complement color through the sample liquid the amount of light absorbed can
be related to the concentration of product.

Not all 'colors’ (or radiations of' light) are visible to the human eye. The technique used
when the 'colors' extend beyond the visible spectrum is known as spectrophotometry and the
instrument used is called a spectrophotometer.

In the second method to determine the activity of a papain sample, a known amount of
papain sample is mixed with a fixed amount of casein (the protein found in milk). The reaction is
allowed to proceed for 60 minutes at 40 °C. After this time, the reaction is stopped by the addition
of a strong acid.

The product of the reaction is known as tyrosine which is known to absorb ultra-violet
light (invisible to the human cye). The solutions containing the tyrosine are prepared for analysis
using the spectrophotometer. The amount of ultra-violet light absorbed by the solution can be
related to the number of tyrosine units produced by the papain sample. Hence the greater this

number, the greater the activily of the papain sample.

World trade in papain

The principal produccrs of crude papain are Zaire, Tanzania, Uganda and Sri Lanka. Most
of the spray-dried papain comes from Zaire.

The principal importing countries are the United States, Japan, United.fKingdom, Belgium
and France. Almost all the best quality papain goes to the United States.

Crude papain is used, in Britain, in the brewing industry for chill-proofing beer and lager.
However, the increasing trend for additive free beers initiated by other Européan countries is taking
effect in Britain and so this market for papain is declining. Another use for papain is in the meat

industry for the tenderization of meat and the production of meat tenderizing powders.
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Papain

Papain is a sulthydryl protease from Carica papaya latex. (A second protease,
chymopapain, and a lysozyme have also been isolated from this same source.) Since native
crystalline papain is quite unreactive until acted upon by mild reducing agents such as cysteine or
cyanide, it may exist as a zymogen (Brocklehurst and Kierstan 1973). For a general review, see
Liener (1974). Barrett and Buttle (1985), Polgar (1984) and Brocklehurst and Salih (1983) report
on the classification of papaya latex proteinases. Papain has wide specificity. In her review, Amon
(1970) has indicated that it will degrade most protein substrates more extensively than the
pancreatic proteases. It is also an esterase. Papain has been reviewed by Smith and Kimmel (1960).
It has been reported by Sluyterman and Wijdenes (1972) that the action of papain on leucine methyl
ester produces an insoluble polyleucine peptide. The finding of Thomas (1956) that papain breaks
down the intercellular matrix of cartilage (see also McCluskey and Thomas 1958), led to its further
study as a chondromucoproteinase (Smith et al. 1962).

Proteolytic enzymes are widely used in cell isolation. With some tissues papain has proved
less damaging and more effective than other proteases. Lam (1972) found that of the enzymes used
for dissociating turtle retina, papain produced the least trauma. Intact single photoreceptor cells
have also been isolated from adult salamander retina with papain (Bader et al. 1978, Townes-
Anderson et al. 1985). Huettner and Baughman (1986) descrbed a method using papain to obtain
high yields of viable, morphologically intact cortical neurons from postnatal rats. Finkbeiner and
Stevens (1988) applied the Huettner and Baughman method to the dissociation of postnatal rat
hippocampus. Papain is used with fetal as well as postnatal brain regions to provide maximal

dissociation and viability of ncurons.

Characteristics of Papain from Carica Papaya:

Molecular weight  : 23,000 (Dreuth et al. 1968).

Composition : Papain is a single peptide chain of 211 residues folded into two
parts that form a cleft (Dreuth ef al. 1968). A three-dimensional structure has been indicated by
Wolthers ez al. (1970). The molecule has one free SH group which is functional (Smith et al. 1975;
Shipton et al. 1975). According to Alecio et al. (1974) there are seven subsites each capéblle of

accommodating a single amino acid residue of a peptide substrate. See also Glick and Brubacker
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(1974). Other reports on molecular information and its relation to activity are as follows: Fink and
Gwyn (1974), Lewis and Shafer (1974), Akalski et al. (1973), Allen and Lowe (1973),
Brocklehurst and Little (1973), Mole and Horton (1973), Banks and Shafer (1972), Brocklehurst et
al. (1972), Campbell and Kaiser (1971, 1972), Sluyterman and Wijdenes (1972), Hinkle and Kirsch
(1971) Jori et al. (1971), Lowc and Yuthavong (1971) and Steiner (1971).

Optimum pH :6.0-17.0.

Extinction coefficient: 25.0 (Mitchel et al. 1970).

Isoelectric point : pH 9.6 (Sluyterman and DeGraff 1972).

Activators  : Papain is activated by cysteine, sulfide, sulfite, etc. It is enhanced when heavy
metal binding agents such as EDTA are also present. Kirschenbaum (1971) indicated that N-
bromosuccinimide enhances the activity. Hall et al. (1972) report on the affects of acridine dyes.

Inhibitors  : Substances which react with sulthydryl groups including heavy metals, carbonyl
reagents (Morihara 1967). Westerik and Wolfenden (1972) have studied aldehydes as papain
inhibitors and Sluyterman and Wijdenes (1973) report on benzoylamidoacetonitrile as an inhibitor.
See Shapira and Amon (1967) on antibody inhibitors. Papain may be inactivated by H,O, generated
by [[gammal]]-irradiation of H,0- the active SH group being oxidized to sulfenic acid. (Lin et al
1975). See also Allison and Swain (1973).

Stability : Papain as a crystalline suspension is stable at 5 °C for 6 - 12 months. Stabilizing
agents are EDTA, cysteine and dimercaptopropanol. To enhance stability as well as solubility it
may be advantageous to convert crystalline papain to its mercury derivative (Brubacher and Bender

1966).
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Papain and its Relationship to the Serine Proteases

Goals
In Exercise Six, the goal is make a comparison between the active sites of the serine proteases,

trypsin and subtilisin, and the cysteine protease, papain.

Background

One of the fundamental goals of enzymology is to identify those characteristics of enzyme
structure that have led to the unusual levels of rate enhancement that characterize biological
catalysts. Frequently, however, catalytic traits are catalogued without any certainty that the
behavior under consideration has played an important role in promoting catalysis. It is likely that
some aspects of enzyme mechanism merely reflect a historical accident in the ancestry of the
enzyme and play no important role in the molecule's ability function (not unlike the vestigial hair
on our forearms that offers no particular warmth). Therefore, it is frequently of interest to seek
parallels from a variety of enzymes, to show trends and consistent choices that have been made in
optimizing catalytic function. For example, if two enzymes perform the same type of chemistry and
use the same mechanism, yet they are completely unrelated in other, structural aspects, we would
feel comfortable in assuming that the shared mechanism offers some strong advantage to the
enzymes.

Thus, enzymologists are excited to find examples of convergent evolution: cases where
two enzymes of unrelated ancestry have converged on a common catalytic mechanism. An
analogous example of convergent evolution in anatomy would be to consider similarities in the
morphologies of dolphins and sardines - two unrelated animals that have independently developed
similar solutions to swimming. In enzymology, the classic case of convergent evolution is that of
the serine proteases. At least twice in history, protein molecules have been adapted to the task of
catalyzing the hydrolysis of other proteins through the use of nucleophilic serine residue that is part
of a "catalytic triad" including a neighboring histidine and aspartate (Figure 6.1).(1) The trypsin
class of serine proteases is structurally distinct from the subtilisin class in every way except in the
immediate vicinity of the active site, where the structural details of the catalytic residues are closely
shared. The strong analogous nature of these two active site geometries has been taken as clear

evidence of the inherently superior qualities of the catalytic triad in hydrolyzing the peptide bond.
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Armed with such knowledge there have been a variety of attempts to reproduce the catalytic triad in

small organic molecules, in hopes of reproducing nature's efficiency in protease activity.(2)
His
Asp o) Ser
\_<) _ \ R
—amHN N: H-O /
\/ N—y \"%O HN\
HN

.

Figure 1

Figure 1 The catalytic triad of serine proteases, demonstrating the proton relay involved in
increasing the negative charge on the serine oxygen. Another shared feature of the serine proteases
is the "oxyanion hole,” which helps stabilize the growing negative charge on the peptide oxygen
through hydrogen bonding.

With all the interest in the comparisons of trypsin and subtilisin, another related class of
proteases is often overlooked. The cysteine proteases are another class of proteolytic enzymes that
use nucleophilic catalysis in hydrolyzing the peptide bond, with the significant difference being that
they use cysteine instead of serine. Papain is a cysteine protease isolated from papaya fruit which is
used as Adolph's meat tenderizer and in Tide. Cysteine 25 has previously been identified as the
active site nucleophile. Its function is directly analogous to that of Serl195 in trypsin and
chymotrypsin. In this exercise you will further inspect the active site of papain in order to identify
other structural features in papain's active site that are analogous to those found in the serine
proteases. By adding a third point of comparison, you will further define those structural features
that are essential for catalysis, while also being able to distinguish those features that may be

essential for enhancing the nucleophilicity of serine from those that are preferable for cysteine.

The Model

In order to investigate the binding of peptide substrates to papain, Schroeder and
coworkers solved a crystal structure of papain in which the free enzyme has covalently reacted with
the inhibitor leupeptin, shown in Figure 2. The coordinates for this structure may be found in the
1pop.full. This structure was refined with X-Plor, which includes a number of hydrogen atoms in
the structure during refinement. While they are not observed crystallographically, they do appear in

the final model. Another unusual feature of this structure is the presence of two types of solvent
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molecules, HOH and MOH, representing water and methanol respectively. Their presence has no
impact on this exercise.

In this structure, cystcine 25 has become covalently attached to a carbonyl carbon through
the formation of a thiohemiacetal. Note that this inhibitor is not entirely equivalent to a substrate for
the enzyme. The true covalent adduct formed between the substrate and the enzyme would be a
thioester with the cysteine sulfur bonded directly to the carbonyl carbon (here a hemithioacetal
group). Given this distinction. be careful not to interpret interactions around the carbonyl group too

strictly. Differences will exist when the acyl.enzyme covalent complex forms.

Wﬁé’?

NH

Figure 2
Figure 2 Leupeptin, an inhibitor of papain. This molecule is an example of a site-directed
covalent inhibitor. The peptide portion of the inhibitor assures that the molecule will bind in the
active site, placing the reactive aldehyde functionality (identified with an arrow) in close proximity
to the active site nucleophile. In this way, non-selective modification of other nucleophilic residues

(particularly lysine) in the protein is avoided.
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Papain

Enzymes accelerate reactions within body cells. In the human body, the pancreas usually
produces enzymes that break down foods into nutrients that the body can use for energy and other
functions. Enzyme deficiencies are rare, but individuals who have cystic fibrosis or diseases of the
pancreas may not produce enough natural enzymes to digest foods properly. Papain, an enzyme
produced by the tropical fruit, papaya, is proteolytic, which means that it digests proteins.
Frequently, papain is included in prescription combinations of digestive enzymes to replace what
individuals with cystic fibrosis or pancreas conditions cannot produce naturally. Because it
improves digestion in general, papain has also been used orally to treat less serious digestion
disorders such as bloating and chronic indigestion. Since parasitic organisms are largely proteins,
papain has sometimes been taken internally to eliminate intestinal worms, but this use is rare today.

In several studies of cancer patients, oral enzyme supplements containing papain helped to
relieve treatment side effects such as mouth sores and difficulty swallowing. Chemicals in papain
may increase immune system function and they may also promote the release of natural chemicals
that attack tumor cells. Papain may lessen inflammation, as well. All of these potential effects may
make papain-containing preparations useful as an addition to cancer therapy. An oral prescription
product containing papain and other enzymes has orphan drug status in the United States for the
treatment of multiple myeloma, a form of bone marrow cancer. An orphan drug has received
approval from the U.S. Food and Drug Administration (FDA) because it shows effectiveness for
treating severe or rare diseases that usually have few other treatment options.

In other research, papain and related enzymes have been studied for oral use in several
conditions. Some evidence shows that they may help to prevent complications of diabetes, possibly
by lessening protein deposits in the kidneys. Proteolytic enzymes such as papain may also decrease
pain and inflammation associated with rheumatoid arthritis, improve healing of injuries, and reduce
swelling after surgery. In Europe, papain is available as an ingredient in several non-prescription
products that are sold for relieving inflamed and swollen respiratory tract tissue. General
stimulation of immune response and decreases in inflammation are thought to be responsible for
some of these observed effects, but other possible causes are not clear. Results of some studies are

inconclusive, and more study is needed before papain can be recommended for these conditions.
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Topically, papain has been used for skin conditions such as psoriasis. Its ability to break
down proteins is used to remove dead tissue from burmns, to help skin injuries heal, to remove warts,
and to treat ringworm. Cold sores caused by Herpes zoster virus have been treated successfully
with both oral and topical papain-containing products. In one small study of individuals with
Herpes zoster, an oral papain product was as effective as a prescription antiviral medication in
resolving pain, but not redness. A year-long observational study of more than 400 women found
that those who ate papaya at least once a week were less likely to have chronic infections with
human papilloma virus (HPV), a common sexually transmitted disease. In laboratory studies,
topical application of papain has also shown some antibacterial properties, which may be due to
papain’s interference with an cnzyme that certain bacteria produce. Further study is needed to prove
or disprove its possible antibacterial effects, however. An injectable form of chymopapain, an
enzyme closely related to papain, has been used to treat herniated (“slipped™) discs in the spine. It is

used more in Europe and other countries than it is in the United States.
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