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ABSTRACT
 Papain was precipitated from cysteine hydrochloride extract of fresh latex of papaya fruits planted in Alexandria 

Governorate, Egypt. Three precipitants; namely, ethyl alcohol, acetone and sodium chloride resulted in proteolytic 
activity recovery 84.8 (of three fractions), 85.2 and 76.7 %, respectively. Acetone was found to be the most promising 
rapid and simple conditions for preparing acetone dry powder of partially purified crude papain. Papain properties 
indicated that the maximum activity was attained at pH 7.5–8.0, and temperature of 75 -85°C. The activity was not 
affected by Na+ or Ca++ ions. Various degrees of inhibition were exerted by Ni+,+, Co++, Pb ++,and Hg++., while Cu++, 
caused complete  inhibition .On the other hand, the proteolytic activity increased to various levels, in the presence 
of Sn++, cyanide, thioglycolic acid, and cysteine hydrochloride. The catalytic activation (49%) of Sn++ was found to 
depend to some extent on the concentration. A mixed stored papain-oryzae protease preparation ,was found to retain 
71, 63, and 54 % of its  proteolytic  activity upon  storage at 25°C for 1, 2 ,and 3 months ,respectively.  The retained 
activity was more pronounced, being 92, 80,and 69 %, respectively upon storage at –5°C for the aformentioned dura-
tions, accordingly, storage at –5°C for up to 2 months, was recommended. The storage stability of papain powder and 
solutions were studied. A papain-oryzae protease preparation was formulated for further use in meat tenderization.          
Keywords: Papain preparation, properties, oryzae protease, storage stability

INTRODUCTION
The fresh papaya latex, is present in large la-

tex vessels just under the skin of the fully green 
fruits of papaya (pawpaw) Carica papaya tree, the 
exudate was gathered while the fruits were still 
on the tree. Papain is present in the leaves, roots, 
green fruits, and is a predominant enzyme in pa-
paya latex. Kimmel & Smith (1957 and 1958) used 
commercial dried papaya latex for crystalline pa-
pain preparation, which catalyzes the hydrolysis 
of proteins . Various simple and spectrophotomete-
ric methods are reported to assess the proteolytic 
activity of various papain preparations, for compar-
ison with pure papain for quality standardization, 
(Hashemi, 2008).Fresh latex can’t stay well and 
should be dried to below 5% moisture .Sun drying 
of the latex on trays though simple and common, 
resulted in least quality brown papain with consid-
erable loss of enzyme activity. Oven drying at 35- 
40°C for 4-5 h is used in Sri Lanka, till a crumbly 
not sticky texture, Hashemi (2008). Up to the mid 
1950s, papain from Sri Lanka dominated the mar-
ket in three grades; fine white powder, white oven-
dried crumb, and dark sun-dried crumb. Up to the 

1970s there were two grades; first or high grade 
oven-dried papain in powder or crumb form usu-
ally creamy white in colour, 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 papa-
in - ranging from first grade white down to second 
grade brown. 2- crude papain in flake or powder 
form - sometimes referred to as semi-refined. 3- 
spray dried crude papain -in powder form, referred 
to as refined papain, according to (Hashemi, 2008). 

Papaya latex, solar dried at 40°C for 14 hr, 
contained 57 %  protein ,17 % moisture, and pa-
pain represented the major proteolytic activity as 
found by Jeana et al. (2013). The solubility and 
dispersion of the enzyme as a protein in aqueous 
solution, is due to protein hydration. Reduction of 
protein hydration, when carried out at low tempera-
ture by the addition of organic  solvents, as ethanol, 
methanol, and acetone, leads to protein precipita-
tion, with preserving their biological functions, 
(Bioquochem. com, 2019). Also, the addition of 
salts as zinc sulphate, and ammonium sulphate to 
protein aqueous solution, restricted the available 
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water, causing protein aggregation and precipita-
tion, with keeping their biological function (Bio-
quochem. com 2019).

Plantations of papaya trees are needed for vari-
ous economical values. The edible fruits are ripe 
after 2- 3 months. Green fruits are the main source 
for collection of papaya latex, for production of pa-
pain ,pectin ,and other biologically active compo-
nents . The skin of the green ripe papaya fruits con-
tain about 10 % pectin on dry weight basis, which 
can also be extracted. Crude papain has great use 
in food industry. The principal producers 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 Unit-
ed States, Japan, United Kingdom, Belgium and 
France, (Hashmi, 2008). Spray dried papain has a 
high proteolytic activity and is totally soluble in 
water, but extreme care must be considered upon 
handling, because it can cause allergies and emphy-
sema if inhaled. For this reason, spray dried papain 
is often encapsulated. Papain can trigger allergic 
reactions in susceptible individuals. Skin reactions 
may occur following contact with fresh latex from 
papaya; hypersensitivity reactions may be espe-
cially pronounced in persons allergic to latex (Kara 
Rogers, 2021).Papain, is used extensively in food 
processing. The main important use of papain in 
the meat industry is for meat tenderization and for 
the production of meat tenderizers, (Pradeep et al., 
2019). Drying conditions play an important role on 
papain grade and quality. The main target of the 
present work aimed to avoid drying, and precipitate 
crude papain directly from the fresh papaya latex 
by safe, simple, rapid,  and relatively inexpensive 
method .A storage stability of a mixture of papain 
– oryzae   protease was investigated for  further use 
on both of small or domestic scale, as meat tender-
izer. 

MATERIALS AND METHODS
Gathering papaya latex: The latex of papaya 

(Carica papaya) fruits, Known also as pawpaw, 
was gathered from the fully green fruits of papaya 
tree. Several longitudinal scratches were carried 
out on the surface of the fruits ,while still hanged 
on the tree. The dropped exudate was gathered 
from the scratched green fruits .

 Extraction of latex :  The freshly gathered  
latex was extracted with 0.01M cysteine hydro-

chloride solution ,in proportion of  50g /100ml, by 
mechanical stirring for 1 hr, followed by centrifu-
gation at 6000 xg for 10 min. The clear supernatant 
was separated and kept at 5°C, while the residue 
was four times extracted ,each with 50 ml of the 
aforementioned solution. The latex extracts were 
combined for papain precipitation.

Precipitation of papain: Three precipitants; 
namely, chilled ethyl alcohol, chilled acetone and 
sodium chloride were tried to select the most prom-
ising conditions for papain precipitation. Chilled 
ethanol (–15°C) was successively added to the la-
tex extracts that was cooled to 2°C. to three con-
centrations of 50, 67 and 80%, kept overnight at 
– 15°C, then centrifuged at 3500 xg for 10 min, to 
collect each fractionated  precipitate. Two acetone 
concentrations of 50 and 67 % were used, for frac-
tionation. Sodium chloride at a concentrations of 
10 and 20%, was also tried for papain precipitation. 
No precipitate appeared with 10%, yet at the higher 
concentration of 20%, white precipitate appeared 
after keeping the solution at –5°C. for 3 days.

Proteolytic activity: The proteolytic activity 
of crude papain and oryzae protease as enzyme 
units, was measured by Anson’s method according 
to Greenberg (1955), McDonald & Chen (1965), 
and  Petrova & Vintsyunaite (1966). Where, one 
enzyme unit being the amount of enzyme that pro-
duces in one minute, at pH 7.5 and a temperature 
of  35 °C, products of hydrolysis containing one 
micro equivalent of tyrosine not perceptible with 
trichloroacetic acid. Oryzae protease was prepared 
as reported by El-Zalaki et.al. (1974).

Properties of papain: Effect of pH on the pro-
teolytic activity was determined in a series of cit-
rate-phosphate, phosphate-phosphate, and glycine-
sodium hydroxide buffers in a range of  pH from 
5.1 to 9.9. The reaction mixture consisted of 2.5 
ml buffer, 2.5 ml of 5% aqueous casein solution, 
and 1 ml of aqueous enzyme solution. The effect of 
temperature was carried out in a temperature range 
of 35 to 100°C. 

The effect of seven  inorganic  salts in the form 
of  SnCl2.2H2O, Pb (Ch3,COO-)2.3H2O, NaCl, CaCl2, 
Ni Cl2, 6 H2O, Co Cl2.6H2O, Hg Cl2,and CuSO4, as 
well as the effect of KCN, cysteine hydrochloride, 
and thioglycolic acid on the proteolytic activity was 
studied, according to the method applied by Hurley 
& Gardner (1963), with slight modifications. The 
activity was determined at the maximum pH of the 
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enzyme using 1ml of 0.01M of a buffered tested 
compound with  4.0 ml of buffered casein solution. 
The concentration of the tested ions and compounds 
in the reaction mixture was 1.6 x 10-3 M, for compar-
ing the percentage of activation or inhibition.

Stability of papain- oryzae protease prepa-
ration: Papain preparations may be supplied in a 
powder form or as liquid .The proteolytic activity 
of a combined papain- oryzae proteases preparation 
(10:1 w/w) was measured monthly, through storage 
at  temperature of 25°C and –5°C, for 3 months. 
The stability of an enzyme mixture solution of 1%  
concentration in liquid form, was also assessed 
upon storage at a temperature of 5° C. Five various 
solutions ; namely, aqueous, 14 % sodium chloride, 
acetate buffer (pH 4), phosphate buffer (pH 7), and 
carbonate buffer (pH 10) were used. The buffer so-
lution was of concentration of  0.2 M.  

RESULTS AND DISCUSSION
Papain extraction: The clear exudate fluid 

of the fresh papaya latex became opaque on expo-
sure to air. The gathered latex was extracted with 
cysteine hydrochloride solution. The proteolytic 
activity of five successive extracts, were 9.9, 9.5, 
7.3, 5.1, and 0.3 enzyme units/ml of the cysteine 
hydrochloride solution.  The first four consecutive 
extracts were combined, while the fifth extract with 
negligible activity was discarded.

Precipitation of papain: The solubility of 
proteins can be lowered and precipitation can be in-
duced by lowering the effective dielectric constant 

of the media. This is commonly achieved by adding 
a water-soluble solvent such as, ethanol or acetone 
to an aqueous solution of the  enzyme solution, at 
low temperature to preserve the biological  function 
of the protein (Bioquohem.com 2019). The results 
presented in (Table 1) show that the use of ethyl 
alcohol  for papain precipitation from the combined 
latex extracts resulted in recovery of 84.8 %, of the 
enzyme units (Eu / ml) in three fractions. While on 
the other hand the use of acetone resulted in a re-
covery of 85.2 % in two fractions. The method of 
Skelton (1968a) using sodium chloride for precipi-
tation was also tried, resulted in recovery of 76.7 
%. The method though direct and rapid, yet it was 
recommended for the preparation of small amounts 
of pure papain.  Addition of some salts to protein 
aqueous solution, restricted the available water, 
causing protein aggregation and precipitation, with 
keeping their biological function, and the proteins 
can be re-dissolved (Bioquochem.com 2019).

According to the present results, precipitation 
of crude papain from the papaya latex cysteine hy-
drochloride extracted with acetone, as a simple and 
rapid method was carried out for further studies. 
That is because acetone is relatively inexpensive, 
available in a pure form, and acetone dry powder 
of crude papain was directly obtained after acetone 
decantation and evaporation.

Effect of pH and temperature on the prote-
olytic activity of papain: The results shown in Ta-
ble (2) indicate that the papain preparation showed 
a maximum proteoltic activity in a pH range from 
7.5 to 8.0, being around 4.0 Eu /ml and at a tem-

Table 1: Recovery of proteolytic activity as enzyme unit ml (Eu / ml) of papaya latex extract upon fractionation
Fractions EU/ml Total EU EU recovery % EU/mgN

Initial extracts 9.2 721 100 1.76
Ethyl alcohol

50% 4.7 281 39.0 1.68
67% 6.8 272 37.7 1.43
75% 2.9 58 8.1 4.33

Total recovery 84.8
Acetone

50% 7.6 456 63.2 1.74
60% 5.3 159 22.0 3.20

Total recovery 85.2
Sodium chloride

10% 0.0 0.0 -- --

20% 9.7 680 76.7 3.11
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perature range of 75 – 85°C . Bekhit et al. (2014) 
reported that the optimum pH and temperature of 
papain proteolytic activity on meat was 7 – 8 ,and 
60 –65 °C, and on casein 7.5, and 37°C, respec-
tively. Accordingly, the present results confirmed 
that the prepared acetone dry powder of papain is 
a very promising component in meat tenderization, 
particularly in the early stages of cooking, where 
the proteolytic activity diminished by further boil-
ing.

Effect of some compounds on the proteolyt-
ic activity of papain:  The results presented in Ta-
ble (3) indicate that the activity of papain was not 
affected by Na+ or Ca++ ions . The present result is 
different from that reported by Kaul et. al. (2002), 
indicating that the activity of papain increased to 
a maximum of 18% in presence of calcium ions 
at 1 x 10-3 M concentration. The ions of Cu++, 
caused complete inhibition, and various degrees 
of inhibition were exerted by Ni+,+, Co++, Pb++,and 
Hg++..  According to Hashemi (2008), heavy metals 
as iron, cupper, or brass should not come in contact 
with papaya latex ,as it caused discolouration and 
loss of activity, plastic or stainless steel utilities are 
recommended.

Sluyteman  (1967) found that papain is revers-

ibly inactivated in the presence of air and low con-
centrations of cysteine. Inactivation was enhanced 
by Fe++ and Cu++ and is retarded by EDTA. In the 
absence of cysteine, papain is inactivated at a much 
lower rate in an almost irreversible manner.

Notwithstanding, the proteolytic activity in-
creased to various levels in the presence of the oth-
er tested substances, particularly in the presence of 
Sn++ ions. Cyanide, thioglycolic acid, and cysteine 
hydrochloride also increased papain activity.  Sum-
ner & Myrback  (1951)  stated that the activity of 
the enzyme depends on the presence of  reversibly 
oxidizable and reducible sulfhydryl groups. Skel-
ton (1968 b&c) demonstrated that crude extracts 
of papaya latex were activated by reducing agents 
such as cyanide, hydrogen sulfide, cysteine and 
glutathione, and inactivated by oxidizing agents. 
According to this property, papain is known as 
a cysteine protease . 

Further study was carried out to investigate the 
effect of Sn++ concentration (0.5 x10-4 to 2.0 x 10-4 

M)  on the proteolytic activity of papain. The results 
in Table (4) indicate that  the percentage of activ-
ity increased up to a concentration of  1.0 x 10-4M 
of Sn++, no activation was thereafter demonstrated. 

Table 2: Effect of pH and temperature (°C) on the proteolytic activity (Eu /ml) of papain

pH 5.1 5.5 6.0 6.5 7.2 7.5 8.0 8.5 9.1 9.4 9.9
Eu /ml 2.1 3.0 3.3 3.5 3.8 4.0 4.1 3.5 2.9 2.2 2.0
Temp. 40 45 50 55 60 70 75 80 85 90 100

Eu /ml 5.9 6.10 6.5.  6.9.   7.0 7.3 7.6 7.8 7.6 7.2 6.2

Table 3: Effect of some inorganic ions and organic compounds on the proteolytic  activity of papain  (EU/ ml)

Tested ions Proteolytic activity Activation% Inhibition %
Control 3.5 - -
Na+ .35 - -
Ca++ .35 - -
Cu++ 0.0 - 100
Ni++ 0.5 - 85
Co++ 2.2 - 38
Pb++ 2.5 - 30
Hg++ 3.1 - 12
Sn++ 5.3 49 -
CN- 4.9 39 -
Thioglycolic acid 4.5 27 -

Cystein-HCL 4.2 16 -
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According to the present results, this effect on a cat-
alytic reaction is depending to some extent on the 
concentration, such a finding  deserves further study.

Stability of papain-oryzae protease prepa-
ration : The results of the present investigation, 
showed that  the stored papain-oryzae protease that 
prepared, retained 71, 63, and 54 % of its  proteo-
lytic  activity upon  storage at 25°C for a duration of 
1, 2 ,and 3 months ,respectively.  On the other hand 
the retained activity was more pronounced, being 
92, 80,and 69 %, respectively upon storage at -5°C 
for the same duration. Accordingly, storage at - 5° C 
for up to 2 months, was recommended. Commercial 
crude papain was found to be variable in composi-
tion and unstable during storage, these data are in 
accordance with Schwartz  Laboratories (1959).

The results presented in Table (5) show that 
the retained activity of the papain-oryzae protease 
solutions, stored at 5°C, diminished by further stor-
age up to 36 days. The least retained activity was 
demonstrated in the aqueous solution, while gener-
ally the highest activity was that reported in that 
of 14% sodium chloride solution. The stability dif-
fered with the pH and the duration of storage as 
shown in Table (5). Acetate buffer ( pH 4), exhib-
ited better stability than phosphate buffer (pH 10), 
which markedly decreased the retained activity . 
This effect can be related to the difference, in the 
pH and the ionic strength of the solutions, accord-
ing to Fox & Foster (1957).

Table  5: Retained proteolytic activity of 1 % papain-
oryzae protease solutions, stored at 5°C

Solutions
Days of storage

12 24 36
Aqueous 48 11 0
14 % sodium chloride             80 69 59
Acetate buffer  (pH 4) 71 66 52
Phosphate buffer (pH 7) 11 3 0

Carbonate buffer (pH 10) 57 46 36
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تح�سير و�سفات الم�ستح�سر المتر�سب لإنزيم البابيين من اللاتك�س الطازج
لثمار الباباظ

ع�صمت الزلاقى 
ق�صم علوم و تقتية الاأغذية ، كلية الزراعة جامعة الا�صكندرية ، �صارع اأفلاطون ، ال�صاطبى .

Carica pa-  ا�صتهدفت هذه الدرا�صة تر�صيب م�صتح�صر بابيين من اللاتك�س المتح�صل عليه من ثمار الباباظ 
paya الخ�صراء ، بتجريح الثمار ب�صقوق طولية �صطحية وهى عالقة على ال�صجرة. تم اإ�صتخلا�س اللاتك�س بمحلول 
هيدروكلوريد ال�ص�صتئين . ثم تر�صيب البابيين من الم�صتخل�س المتح�صل عليه بثلاث طرق مختلفة هى التر�صيب 
بكحول الإيثايل ،الأ�صتيون ، كلوريد ال�صوديوم ،حيث كان عائد الن�صاط الإنزيمى البروتيوليتى المتح�صل عليه 
اإ�صتخدام  تم   . ال�صوديوم 76.7 %  الأ�صيتون 85.2 % ، كلوريد  الكحول على ثلاث مراحل 84.5 %،  با�صتخدام 
التر�صيبب بالأ�صيتون كطريقة �صهلة و �صريعة و منخف�صة التكلفة للح�صول على م�صتح�صر م�صحوق البابين الجاف . 
اأظهرت الدرا�صة اأن درجة الpH   و الحرارة المثلى للم�صتح�صر الإنزيمى المتح�صل عليه هي pH  7.5- 8.0 ودرجة 
بالمثبطات والمن�صطات بدرجات متفاوتة.  البروتيوليتى للم�صتح�صر  الن�صاط الإنزيمى  تاأثر  حرارة 75- 85°م . 
اأيونات ++Ca+, Na لم يكن لها تاأثيرعلى الن�صاط ، الذى تم تثبيطه تماما فى بوجود ++Cu، حدث التثبيط بدرجات 
متفاوته فى وجود اأيونات    ++Ni++، Co++، Pb+   Hg، اأظهرت اأيونات ++Sn زيادة مح�صو�صة فى الن�صاط بن�صبة %49. 
كما كان لل�صيانيد ، حام�س الثيوجليكوليك ،هيدروكلوريد ال�ص�صتئين تاأثير على زيادة الن�صاط الإنزيمي. تم تح�صير 
مخلوط اإنزيمى من م�صتح�صرى البابيين مع  بروتييزفطرالأوريزيا ودرا�صة مدى الثبات التخزيني له.مخلوط البابيين 
مع اإنزيم بروتييزفطرالأورازيا وقد اأظهر هذا المخلوط ثباتاً تخزينياً يعادل71 ،63 ، 54%من الن�صاط عندالتخزين على 
درجة 25°م لمدة 1، 2 ، 3 اأ�صهر على الترتيب، بينما اإزداد الثبات لي�صل اإلى 92 ، 80 ، 69 % بالتخزين على – 5°م. 
تباين المخلوط فى الثبات عند تخزينه على درجة 5°م فى �صورة محاليل مختلفة لمدة 36 يوماً.كان المخلوط 
المذاب فى محلول 14%  كلوريد ال�صوديوم  اأكثر المحاليل المختبرة ثباتا . تم اإعداد مخلوط البابييين – بروتييز 

اأوريزا ودرا�صة مدى ثباته التخزينى بغر�س ا�صتخدامه فى تطبيقات م�صتقبلبلية  لتطرية اللحوم .
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