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Optimization of beef tenderizing technology
with papain by response surface methodology
ZHOU Zhu-fa

( Culinary Tourism Department, Zhejiang Agricultural Business College , Shaoxing 312000, China)

Abstract ; In order to improve the quality of beef, papain was adopted to optimize the beef tenderness.Based on the single factor
experiments, the enzyme concentration, pH, processing temperature , processing time, which had a significant influence on the
shear force and sensory evaluation were optimized by response surface optimization using Box—Behnken experimental design.
The optimum tenderizing conditions were determined as follows ; enzyme concentration of 0.07% ,pH6.9 , processing temperature
of 60 °C , processing time of 1.8 h.Under the optimum conditions, the water holding capacity, elasticity , cohesion , chewiness of
beef were significantly raised, while the cooking water loss rate , shear force and hardness were remarkable reduced , compared to
the control group(p <0.01).The sensory evaluation reached 94.20 points after optimization, which increased by 39.56% . The
preliminary study have shown that papain could degrade beef muscle fiber to improve tenderness of beef.
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Table 1  Factors and levels of Box—Behnken
central composite design for beef tenderness
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Table 2 Standards of sensory evaluation of beef
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Fig.1 The influence of enzyme concentration

on shear force and sensory evaluation
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Fig.3 The influence of treatment temperature
on shear force and sensory evaluation
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Fig4 The influence of treatment time
on shear force and sensory evaluation
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Table 3 The results of Box—Behnken

experiment for beef tenderness

N o CIE D R
FREAME BeHp (4)

1 -1 -1 0 0 69.2 +3.24
2 1 -1 0 0 68.6 £3.51
3 -1 1 0 0 84.8 +4.33
4 1 1 0 0 72.4 +4.46
5 0 0 -1 -1 81.7 +5.83
6 0 0 1 -1 87.5 +4.28
7 0 0 -1 1 83.8 +5.79
8 0 0 1 1 83.9 +3.64
9 -1 0 0 -1 82.6 +4.71
10 1 0 0 -1 68.4 +£3.17
11 -1 0 0 1 727 £+4.72
12 1 0 0 1 73.4 £5.40
13 0 -1 -1 0 81.8 +5.25
14 0 1 -1 0 79.1 £+4.76
15 0 -1 1 0 70.4 £3.91
16 0 1 1 0 90.6 +6.13
17 -1 0 -1 0 80.7 +3.87
18 1 0 -1 0 81.0 +4.69
19 -1 0 1 0 84.3 +3.54
20 1 0 1 0 68.4 £4.13
21 0 -1 0 -1 74.0 +4.68
22 0 1 0 -1 78.8 £3.39
23 0 -1 0 1 68.8 +2.91
24 0 1 0 1 81.3 +4.53
25 0 0 0 0 87.4 +4.15
26 0 0 0 0 88.3 £3.94
27 0 0 0 0 88.5 +4.27
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Table 4  Analysis of variance for the fitted quadratic polynomial model for beef tenderness
Ji ZERIR FJ7 FI H1 ¥ F1iH pfH FEN
R 1301.79 14 92.98 23.28 <0.0001 *
A 147.70 1 147.70 36.97 <0.0001 ok
B 244.80 1 244.80 61.28 <0.0001 ok
C 0.75 1 0.75 0.19 0.6725
D 6.90 1 6.90 1.73 0.2133
AB 34.81 1 34.81 8.71 0.0121 *
AC 65.61 1 65.61 16.42 0.0016 ok
AD 55.50 1 55.50 13.89 0.0029 %k
BC 131.10 1 131.10 32.82 <0.0001 ok
BD 14.82 1 14.82 3.71 0.0781
CDh 8.12 1 8.12 2.03 0.1794
A’ 391.02 1 391.02 97.88 <0.0001 e s
B 253.92 1 253.92 63.56 <0.0001 ok
c? 0.27 1 0.27 0.068 0.7993
D’ 120.97 1 120.97 30.28 0.0001 e s
Bk 47.94 12 3.99
R AT 47.25 10 4.73 13.76 0.0696
aliiRZ= 0.69 2 0.34
pavill 1349.73 26
VEr v FoR LR E (p <001), * TR EFRRE (p<005) .
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Fig.5 Response surface curve of sensory evaluation affected by two—factor interactions
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Table 5 Quality changes of beef before and after optimization

21 5] KK (% ) FATRAR(% ) Y1 J1(N) BTN (5)
hopiil 49.94 +3.29 4632 +3.14 47.23 +2.06 67.50 £0.66
RiAE 64.13 £2.31°" 33.12 +2.58 " 21.49 +1.35*" 9420 +1.25""

21 5] fififE (g) g PR M NE I 1
popiiEaE| 3416.10 £129.33 232 £0.17 0.41 £0.0021 1406.02 +132.43
KA 2922.20 +109.51 ** 274 £0.15*" 0.44 £0.0014** 1637.41 £127.56 "
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Table 6 Effect of the papain on the characteristics of
beef myofibrils and MFI values
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