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Research and application of papain

Wu Xianrong
(College of Biology , China Agricutural Universty , Beijing 100094, China)

Abstract Papaya ( Carica papayal.) is a herbaceous dicotyledon species of Caricaceae. There are many resources
o papaya in China south provinces, but they are not well developed. In some areas, papaya is just used as feed o
pig. For a better utilization of Chinese papaya resources, research on papain extraction and application beganin 1984,
and developed following for the need of papain on the market. 1) In 1984, the papain was isolated and purified.
Guangzhou Horticulture Company prepared the crude extract powder of papain, which was purified in our laboratory.
Ten elution peaks were identified through CM-cellulose column chromatography. Peaks No.1 to No 4 did not induce
protease activities. Peaks No.5 to 9 possessed chymopapain A and B, containing 65 % o total protein amount and
54 % of total enzyme activity. The M. W. o chymopapain A was 28. 8 kD and contained 0.5 % dof total protein, which
mainly existed in peak 5. ChymopapainB, having aM.W. of 24 kD in peaks 6 to 9. Peak 10 was papain. It contained
17 % of total protein amount and approximately 46 % of toal enzyme activity. Thus, it is obvious that at least 82 % of
total proteins in crude extract powder of papaya are protein hydrolase. After fractionation, recrystallized papain and
chymopapain could be identified. Crystal forms are columnar and acicular. 2) The bioassay of papain activity was con
ducted using three different methods : UV spectrometry, ninhydrin reaction and BAEE (N-benzoyl-L-arginine ethyl ether)
detection. These methods were used to compare the quantity of papain activity from different sources. The results
showed that the utilization of UV spectrometry method was simpler, cheaper and more suitable than the purification pro-
cedures of enzyme activity, papain quantification and industrial production and food enzymes. The Ninhydrin reaction
method was relatively complicated, but required simple equipment, effordable in non-developed areas. BAEE detection
had a good stability and reproducibility , which corroborated with theoretically research on enzymatic characteristics and

determined the activity of reagent enzymes. 3) The immobilization of papain:  Celluose immobilized papain —Car-
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boxylmethyl cellulose immobilized papain (CMCP) was produced by the azide method. The results showed that the op-
timum pH scale of CMCP moved 0. 5 unit towards basic range compared to free enzyme. CMCP has higher thermostabil-
ity. Being processed at 60 for three hours, the activity of CMCP almost retained and revealed good reproducibility.
After 127 days at 4 , CMCP activity still remained 60 %, whereas, the enzyme-free group (control) lost its whole ac-
tivity. Concerning CMCP Flling into column, at 40 , eluted solution collectionfor turbidimetry and amino acid amount
analysis, the results showed that CMCP had a special effect on beer anti-turbidity , which could hydrolyze beer proteins
and increase amino acid concentration in beer. Agar immobilized papain —The thermostability of agar-immobilized
papain increased notably with ABSE cross-linking agar as carriers. Its Km value was 2. 13 x 10" M~ ! and optimal pH
range was 8. 3—8. 5 that moved 0. 3—0. 5 unit towards the base. Stored in 60  for 2 hours, its activity remained
over 98 %. After 90 days conservation, its activity lost was no more than 15 %. Agarimmobilized papain was effective
on beer anti-turbidity. Using batch-tank reactor to process beer is simple and cheap. Consecutive enzymatic column
has continuous reaction and higher automation, its reaction degrees can be controlled by flux rate at all times. But, the
half-life of enzymatic columnis short and needs to be activated frequently. After temrhour continuous reaction, the ac-
tivity decreased to 60. 72 %. Cleaning and activationresulted in 90 % activity reacovery. In large-scale beer produc-
tion, immobilized enzyme can be directly added into fermentive fluid in or after saccharifying, or combined to fluidized
bed reactor to control the reactive progression by time and flux rate whenfermentive fluid pass through. 4) The applica-
tion of papain was entreprised in 1984. Our laboratory co - operated with Guangzhou Horticulture Pant Protein Food
Manu actures and developed a series o techniques in papain application. In 1985, this research work was awarded the
national technical appraise organized by Guangzhou Scientific Committee. The project, entitted Comprehensive Utiliza-
tion of Papain, was brought into line with the state plan, and continued in products developing. In December 1988, this
work won the Frst National Award for Application and Dissemination. The former production of papainin our country on-
ly diversified in small workshops with backward techniques and bad quality. In recent years, with the application of
self-made far infra-red desiccator and advanced vaccum freezing-dryer, five kinds of papain powders and reagents of
international standard quality are nowadays produced inlarge-scale. Upon the above mentioned, we developed papain
series products including meat tendering powder, beer clarifier, cake loosing powder, feed additives, etc. , which
were widely applied infood and feed processing industries and gained good prdfit.
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Table 1 Comparin of papain activity by
different methods ML/ mg
BAEE
1 Sgma 3250 760+ 4 815+7 1.17
2 dgma 3375 971+3 1056%5 2.54
3 d9gma 4762 3841+7 3982%8 12.70
4 Merck 926 +5 974+ 4 2.20
5 1 309+5 345+ 2 0.55
2 (3.2%x2.5) 6 2 772+6 973+4 1.21
Fg.2 Photomicrograph of recrystallized
papain (3.2x2.5) 3
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2 CMCP
, Table2 The amino acid concentrations of beer
before and after CMCP treatment
ng (250 L)
’ CMCP CMCP CMCP CMCP
' A  59.58 135.48 | Cys 452.20 2609.97
3.1 Thr 23.22 115.21 v 144. 36 296. 43
Ser 18.61 116. 84 Lys 47.71 184.54
( cmep) ) ) Qu 395.81  427.92 | Met  20.98  324.59
CMCP pH 0.5
CMCP ,60 3h, ,
: , 4 , :
, 127 d, 60 % ) , , ,
CMCP ) 40 , )
CMCP 10 h, 60.72 %, ,
,CMCP 90 % ,
: ( 2 ,
3.2 )
ABSE- ,
) , Km 2.13 x ’
10°03M° 1, pH 8.3 8.5,60 ,
2h 98 % , ,
90d, 85 % ( 3
3
Table 3 Thefree amino acid contentsin Yuquanshan beer ng/ 504 L
CK CK
A9 31. 14 130. 09 722. 60 Tyr 882.71 1371.99 1536. 35
Thr 75.73 166. 21 140. 76 Phe 777. 42 801. 26 1941. 62
Qu 104. 50 216. 32 1833.77 Lys 70.89 92. 09 96. 82
Ay 270.75 280. 69 446. 13 His 255. 90 257.52 558. 24
vd 548. 92 586. 07 1 296. 89 Arg 856. 20 861. 62 941. 86
Met 44.09 48.03 174.22
2 ,20d
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