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Effects of Application of papain on the Muscle 
protein of livestock arid Poultry 

\'an Qingxian, Liang Hongqiu, Wu Xianrong,
Pen Fazhang" and Li Xingmin

a kind of enzyme degradating protein which was extracted from papaya

so lut ion were much Î * i gbei 
, ' ’¡'eat by meat lender icer made

i hr in and elastin we
S o 1 u b le. The conten
fitrol . The- best dos.-ti
..pa in s h e .Id be at t,i

i ty iri d e x and basis

for tender li me a t
rt the concentration 0.05-0.1%.

i q ” n ’i q o 
n ■ h ■■ mar; scientists-were interested in it and focused their attention on 

ange of temperature and humidity during meat store, mature period,
1 , electrical stimulation and variety selection. In the lately ten years plant 

'ere used for meat tendering in commercial.
*1- was extracted from papaya (carica, p a p a y a ' emulsion. Muscle fibrin and Collagen 

... °l|ld be strongly hydroly zed and br oken, degraded into amino ac id in the most, of

o dealing with research on the effect of papain tenderness on muscle 
’ c -1 = f ' r meat tendering .

gi. -'per inn u
S' ' on •
c"'V;idl q ; thud■  ‘ i?t i :

tender izer made by Beijing Agricultural University, 0.3% enzymolytic solution was 
c papain with activity 6000 VSP-V/mg.
, B u r i a l s
'■ and adult her. meat.

’ 8rams of meat sample from each were dipped in 10ml 0.3% enzymolytic solution for 
J w ’ r°l dipped in distiled water). The content of coarse protein, dry materials of 
'• 1 e i enzymolytic solution and water solution were analysed seperatelly.

orient of proline in enzymolytic solution and water solution of meat sample was 
automatic analyzer of amino acid (modle 835 ) 
pi t-'es meat samples were dipped in 0.3% enzymolytic solution for 5, 15 and 30

fibre structure and its changes was observed with microscope after the meat; "lu.,,
; ! i ;■!.. :'ut into slices.

'■'1 r '’*• * emit? riser wer 
55.'.',''; 1 h - 2 0  m in .
'•'••at.j on evaluation of tenderness, texture and flavor after frying and cooking.

made (tende rizer meat 0.05%, 0.6%, 0.2% and 0.5% w/w), and

' She;>'' force

Results and discusstion

Table 1 shear force of chicken meat and beef

\ S t
S f '

%v

material treatment of tendering method shear value

— ̂ ratio time min (%)

chicken chest meat 0.05 10 mixed with powder 3221

- _ chicken chest meat / / / 4297
1 chicken chest meat 0.5 10 pointed with needle well 

mixed with powder
4945

. Oc chicken che. . meat 0.05 10 pointed with needle well 
mixed with powder

5 5 5 6

chicken chest meat / / / 60 7 2

bee f 0.5 10 mixed with powder 3252

" ̂ ̂ beef / / mixed with powder 4999

O *  2

Sr

'tv' .“I

 ̂!,̂ v. rage shear value of 15 meat sample reduced about 500-1500g after treatment with
v V r.'. “ owe''ever, the tenderness increased by' 25% in chicken chest meat and by 35% in 
)  ̂ were significant differences (level 0.01) between treatment and control by t

V ,IV-
,,s. lon evaluation of meat tenderness 

U) evaluation is still animportant method of meat tender. In this experiment
> eh(je used for quality evaluating.

!"6 s s of cooking chicken block and their eating quality .
"* into 3X4cm pieces, mixed with tenderizer and standed for a while, then

0 w ater, boiling for 25 min. (see table 2)
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Table 2 Tenderness of chicken block and 

group material tendering treatment cooking

weight ratio weight time method method time grades 

1 340g 0.2% 0.7g 20 min powder boil

its sensation evalua^,,-'

sensa 11 on ova lu a

0.2% 0.7g 20 min powder
mixed

0.5% 1.8g 20 min powder boil 25min 7.0
mixed

1.0% 3.5g 20 min powder boil 25min 8.7
mixed

5min 0.2 slightly tough 

good, tender

become------------------------------------------------------------------------- '  i t e
/ boil 25 min 4.8 too tough to

-------------------------------------------------------------------------------------------------------------- ----------------------------- ------------- ~'l e  f i & e ii
Usually old hen was difficult to cook down and digest because i ts ̂  mU^e rltjer izerje'j 

connective tissue increased. However, old h e n ’s meat, treated with 0.2-0.5% ' - sa®e re>s 
25 min is nearly done. The control boiling needed cooking 00 min to reach irl
Proper readjust the dosage of teriderizer and extended the treatment time 
tenderness of the old h e n ’s meat. j '

2. Tenderness and sensation of fry beef.
Good beef from the butcher was cut into 6.5cmx3cm slices. Tenderizer wa.

8»

control / / /

•it

water and put the beef slices into the solution

Table 3 Tenderness of fry beef and its sensation evaluation __
group meat weight tendering treatment cooking me thod

ratio weight time method

treatment 1 2 70g 0.05% 0.15% 20 min dipping f ry ____
treatment 2 2 70g 0.2% 0.2% 20 min dipping f ry

control 2 70g / / / / fry ___ —

grad®

The fibre of beef without tendering was coarse and slightly tough. How- 
treated with 0.05% t enderizer was tender w i t h  goo d  f l a v o u r  and t e x t u r  • 
treatment 2 were broken and too tender to bite.

(3) Tenderness of fry meat and its sensation evaluation.
Cut meat into small pieces; mixed with tenderizer and fried with oil-

The sensation evaluations of chicken shreds of four sample were same. The
that tenderizer could make meat tender and the tendering time should be c°the it5- 
otherwi.se muscle fibre would be broken because of strongly hydrolysis ane ^ e;TrM 
loss its quality and flavour. The dosage of tenderizer should be at the 
0.05-0.1%.

Table i ■. end*? nisss of beef shreds t ;cnn i« 1------------------------------------------------------------------------------------------------------------------------  -
group rr.ea t tendering treatment sensati

weight, rat ic weight l Line method grade

treatment 1 125g 0.05% 0.075g 2Cmin mixed with powder 8.3 t
..] a l U “ 1 .a l1wilder, good i  j i_____ .riM1».?,----------------------------  ----------- _

treatment 2 !25g 0.12% 0.12g 20min mixed with powder 8.3 fibre siigu'- (1 a..<ui r fa r e „U I'„fa-
treatment 3 12

on t r o 1

1 lit <tender on ,aiy’ • •-* t  U W
no meat, r.doi , ^  „

-------------------  ..,11(1
0.5 a little firm •

„ j ■. f f e r er‘'.nut: i,t of Mus ic sample were t,.k.r. from u • f,U'iiangcs in dry ni.\ < r : • « i •. j • « i i • % u » m -  . >>«..« v ». «»«w .. » *■    ̂.
or- with; ut h\drol vs is a:..! ! h. iitc materials of them w ta analysed. ( :-r'e
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*a b l e  5 M e a s u r e m e n t  o f  c o n t e n t  o f  D r y  m a t e r i a l s  o f  m e a t  a n d  h y d r o l y z e d  m e a t

P°si ti on

‘°ul der

A hydrolyzed Dry materials

Dry 3
% water solution enzymolyti; solution

difference

A - B A - C B - C

23.20 1 9 .8  2 1 6.09 7 .1 ! 3.73

^ n d crloin 2 1 . 2 1 2 1 .1 o 1 5. 2 n 3.09 8.95 5.8 6

* '11S issimus muscle 21.19 2 0 .39 16.3 5 4 . 1 8 .1 4 4.04

r°und 24.34 2 1 -. 39 15.93 2.59 8 . 1 1 5.4 6

sbank 2 3.1-8 19.22 1 4. 8 8 3 9 P. O O A 4 . 34

4 2.7 3 35.91 24 . 67> fj. o o 18.08 11.26

*1 0 r 1 1showe(; that some of water s o 1 u Vi 1 r mat. c r  i a 1 a of m e a t d i ssolved in water during.
dr,“ lhto water, so the remain dry materials decreased by 2.97.-1.1%. However, the remain 
‘V ^ U l s  obviously reduced by 7.11-8.95% because of n strongly hydrolysis of skeletal 
j »¡)A ,’°i-ein through the dcgradating, comparing with of hyd rol jsis remains, the content of 
^  ' r i a 1 s with enzyraolytic h ydrolysis was 1 owe r than those d i i> i ng in water. The 

tlc- iB 3.73-5.88%.'
Aw»65;' ‘'hang,

t tween .1 and C t real m o n t , the difference was 11.25%- between B and C t re a t me ï j t .
i n  c o r n e n t >f dfv nt;.i r i 4i 1 s of sinew was more clear, the difference was

• Ch-»-l ri o e i n c o n lent o f c o a r s o p r o ». €• in.
u w

reported that skeletal muscle protein could be hydrolyzed and broken into small 
r“l that 8 - 1 0 % of the total nitrogen could be ul t.raf i. It r a t e d .

& Ot‘tont of coarse protein was analysed according to ‘Kjeldhl method.

lab] e 6 The content of coarse protein of me a t and hydroi ysi s sol'i t i o n

position meat hydro!ysis solution A/C

% enzytnolyt 
( A )

ic water 
( B )

shoulder 19.58 6 47 2.36 o , n . -1 )

Mi, tenderloin 19.9 6 09 2.44 o r. aj . DU

longssimus muscle 20.4 5 08 2.39 O 1 o C. • ± o

round 18.55 1 8 8 2.06 2.37

shank 19.27 6 1 0 2 . 1 0 2 .9
X * fleK 12.71 9 84 1 .0 ! 9.7

Table 7 The content of coarse protein of beef arid chicken meat

dryr meat en z ymo 1 y t i c solution water sol ut i on A/B

\ \
material

%
f resh

%
dry f resh

O//0
dry f resh d ry

%

25.93 20,41 78.71 6.28 23.91 2.29 p 7*? 3 . 0 2

X 23.95 21.16 88.35 6.89 28.7" o i q O . ; 4 3.15

;n S  leg ----- 2 3.16 19.24 83.07 7.61 32.86 o q q l 0 . 8 8 3 . 0 2

12.67 32.32 75.74 11.75 2 7.54 2.17 5 . 79 4.76

showed that skeletal muscle could be strongly hydrolyzed by the
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content of coarse protein in enzymoly t i c extra--! :r;g o -, 1 -
Table 1 rhowr-i H,i . 9-fold of those in water solution. 

enzymolytic si 
content of en 
round beef me

-.I'd",

that, treatment. .... f cuzciaolvt It: sululic
e s p e c i a l l y  on connecChange in 

P r o l in e  isee l
nt en I. 
a spe.

Measuring proline content 
tenderness of meat.

shear value was 
hyd I'cpro 1 i ne .

- 6  . "> Ci ty • lid it Wfle, about ?-fo!
c r. ... C- O i 1) ici:r* n 1 O g w or-. 7 . 1 6 %
Î cl e a r tha t the conter i o f
y me won 1 d be mo ro f ft •k i e t-
of chi cI. e n rne a i. urn! be r f i r- -,
he ef fe c t o f en . : ; ur.e or- C1 z; 1:
i a t t 1 i t . on ic- n t. of ro.a 1 3 0 sy
i t ’u a s 1.76-. q 7 ..fold - r ' 1 r : ..

lut ior,, coni r1 i tic : a 1 }
< t ■.
r. g 1 ine o f m u.c 1 e
a ni ino a c id 1 n c: o 1 1  a g e n f 11
:• c on t e n t. of c o n ri e c t. i v e f ; r-: -. i ; t

i o 11 ;-;h i p b e t.iw e e n ,
Tie i. foret» u a s 2 . 2 n - 3.
value is po s i t ively re 1 a t e d

hydroly sis ::-;o 1 u 1Lion of meat

:ÎC72'r;VÏ-ï
iS

-i ill d he
h y d r o  p r-c 1 i ne * *hand K  y

t "’a 6, , | i n e %

of Amino Acid, see table 8 .

Talile 8 The content of pro line in hydrolysis solution

position 

shoulder

water solution A 

0.184

Muscle

tenderlo i n 0.145 1 . 0 9 3
.7 -t

longssimus m a sc 1 6 0.150 1 . 29 8 • f  -

round /
1 1 1
Jl .  " t  L

!

shank 0.14 i  q q  r 1 2 . 6 2

0 . 0 0 1 15.96 , 5 . 9 6

,b‘if!
Table 8 showed that the proline content of enzymoly! i.c solution was 

those in water solution through degradating of the enzyme. The ratio of B and 8 ‘' o
;h e a r _ neCt Jmuscle fibrin was 6.39-13.62. The ratio of A and B in sinew was 15.99.

The content of proline in enzymolytic solution is positively related with s^ “'cofne
meat except for shoulder (sample error). The lower of proline content the less
tissue and the more tender of meat.

To simplified the measuring method colorimetric analysis was used to m easur̂e nr«'
all'content according to the reaction betweent acetone and Indole quinone. tjc ^

The change of proline content was similar with the results analysed by autma j
o f Am i no ac. i d .____________  , A*>dt o'

The proline content in the water solution of s i n e w  c o u l d  not be anali he ef* 
proline content in enzymolytic solution was 15.96mg/ml. It indicated th»t ^
enzyme on sinew was stronger than skeletal m u scle. It is a m e t h o d  to eV«
tenderness through proline analysis. - 15

f°r ' ,-os'of
6.Change in structure of muscle fibrin samples put into enzymolytic solution „jo»'

o{ I'

° .. .. ~ ‘ ... 11 *-• I 11 tv niA VIIIU1 V CIA. ovyj-"- , y. Ill*
min seperately. Then washed the samples with water and made frozen slices. l’r,d
(3X40) the grains of muscle fibrin was unclear and broken into small, pieces. . ̂  ¡7. f 

The longer of the treatment time, the more broken pieces. The muscle fibr 
was in order.

The results indicated that muscle fibre protein could be strongly h . 1 ~ 
and tender! zer. Even the meat of old livestock and poultry could a] •-.<

.if

through proper dosage of tender!zer treatment. The route, 
part of protein became soluble after hydro] vsis of moat..

d ry  n;a - p r ) '< 1 '

,! Id U r / d
Z r v> d d ^t u t '1re’ .,e

-r.n11'
The r e s u l t s  s u g g e s te d  th a t  tin  p a p a in  w ould bo more e f f e c t i v e  f o r  d é g r a d a - ' i11c \

t i s - : ■ «■.* t n>ui >■ u; f-1 f » t a I mus c .1 e p r o f. e in. The c o n tent of c o a r s e  p r o t e i r> 
on •• y mol yl i. sol u t i on c. f sinew were higher than those in other parts.

.3 « uC I f ;TU- fP‘ 1
showed that H

The
e f f e c t o f  enzyisth e  de t¡ r tid a l ingapi.-ly c■ nzyme to1 1 i s v e  r  yf la v o u r o f  meatTap'aim c o u l

onteiLt of pro 1 ine had a positively rel at. i on to ten
one• Oli deg ratîat ing and b ranking muscle p- o tf • 1 ;; was c.
‘ 1 1 u 1 a r proti i n arid its r: o n t. r o 1 c o r, d i t i or•. u■a s not clt
! 1 rï  g e n prot.e i n and elast in protein . T t •A cita lie n
1 degr; ■ da! ir• CT 0̂r. ri d v n a t -,trot i on of protci i n p r a c t î c -
a ri1 su b j e d 1 c further study t. he ' f fee t of enzyme

i°\•1 ri»»'. .« i
le .ii 'i  ' " f  i s i n  th a t

it r 1 ‘■ tio?
c - i *. i-j.

-1 i cat ion methods in meat product, procc- a-11, if 
and turn them into pet ides and a® 11 HJ,d ‘ _i 1 • * 

would be easy to utilize for human, especially easy to digest, for old man ,sp “ ' 
Therefore proteinase would have bright future in food processing in lus' > 
tendering meat and producing meat, products.
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