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Abstract: Using beef shank as the raw material, the effects of acetic acid additive amount, acetic acid
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impregnation time and acetic acid impregnation temperature on the quality of beef are studied. The
experimental results show that the additive amount of acetic acid, impregnation time and impregnation
temperature have significant effects on the moisture content, pH value, shear force and sensory
evaluation of the meat samples. The optimal technology for acetic acid impregnated and tenderized
beef after optimization by response surface test is as follows; the acetic acid additive amount is 1. 53%,
the impregnation time is 3. 04 h and the impregnation temperature is 20. 49 'C. The sensory score of
beel under such process conditions is 85, 98,
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Table 2 The factors and levels of response surface experiment
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Table 3 The effect of acetic acid additive amount on the water
content, pH value and shear {force of beef shank

FEAR akE/ % pH {if W h/N
0 70,5140, 764 6,71£0, 01 54 13%1. 20
0.5 82, 690, 63° 5. 8040,01" 36, 25+1.13*
Lo 84,4940, 82" 5.4540,00° 28.6240.3%°
L5 84,4640, 35° 5.27+0,01¢ 22.13+0, g2¢
2.0 85,9240, 27 4,9540, 00 11,4740, 47°
2.5 §6. 3140, 57" 4. 77+0.01F 10. 1440, 21"
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Table 4 The sensory scores of braised beef shank with

different additive amount of acetic acids
BEH
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b 18 34EL00 18 71E0.64% 12.10L0.68° 25.41E1.05* 74,36EL 73
0.5 18.29%L15% 17914022 16.6510.27° 20454008 77,3041 55
L0 15.4940,33% 17,1340 23 21.674+0.87" 20.7240.41° 75014147
15 15.4640,35% 15,4740, 78" 25,73+0,70 20,0740.48% 76,731, 31
2.0 10.9240.27° 10,984+0.59° 14.5040.92" 13,6940, 65 50.1540,630
25 LAAH0.804 87240719 1Ls40.70" 11.3540.730 39, 36+1.05

i < [F B Rl /b B 1 R o B P O (] R N D i Ak ot
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Table 5 The ellect of impregnation time on the water content,
pH value and shear force of beef shank

BHEM FKR/ A pH {4 WEH/N
0 72,9940, 71¢ 8. 4840, 00* 46,5840, 92
1 B2, BA£0, 44" 5. 240, 0 32,5440, 99"
1 84,1140, 84" 5. 240, 01* 23, 14£1, 02
3 86, 2240, 28* 5.19+0, 01° 17. 0140, 93¢
4 BT, 460, T1* 5. 160,014 14,4240, 36
5 87, 3640, 60* 51140, 01 14,35£1, 05¢

B FRIAR R B 8 R 4 PR R 3 B () A B
M3 % B3% (P<<0.0%),
FES WAL ERBENREN 1L.5h BHEEN
20 CHOFRAFT o B B 00 A (o] ) E 4€ , P B & K B AR
BEHTIE K, pH R Wi /D BY 1) A BT /D X R
U I 3 5 0 ) 399, B 2 R R 2 1 5 T R
Y4 h®5hed, HEEWY hZERHERBF P>
0.05), IR RBIAAILF 4 h Z )5, AHE &5 M
A, 5 T (60 ST B e S8 o R E R B
3.2.2 B[] X4 Be 4 BN R VE A 04 R i
6 FAERBEMNETLRSEBRANSE TS
Table 6 The sensory scores of braised beef shank under
different impregnation time

WA MERE  BEREHR A8

B

A

0 18,9540,40" 18.98%0, 16 120741.53% 23.68%0.78* T73.58%0.72°
1 17,6440, 47 16.4921.01% 146041, 12 20.31=0.15° 70.03%1. 96"
2 16,6240, 635 15.09+0,16° 19,9741 M> 2L.09=0.78° 7Z7RLD.32°
3 15,7640, 24° 15.0220.40° 23.5940.85* 187940945 73.16+1.80°
1 12,801,478 13, 04£0,73% 15, 7540,18° 10.8940.50% 33.4841.32°
1 11,9540,580 12, 73£0.91° 10754138 B.60=0.45° 45004208

B+ (R34 7] A 5 - e o 4= i P9 S () 388 o () A 3
[6] 3 % B #F (P<<0.05),

6 ATH, A BB FAER, FHAENE
vk DL B A SR B IR E A T R, R R R B
SEEAMEHRETREABY YBHMNMILS 3 b
5 4 h B, AR O (05 R L ORE L B TR A PR 4
ERBEP<0.05); YA MM 3 hHmE 14 h
f, b4 i 3% F K& (P<C0. 05), B I T I, , 76 A 9 38
A E] 3 h i, PR O £ 22 35 3 40 0 8 i i KR
i 3AF— S 348 i 98 0 s U RO R PR LD BE L S B B
BEREIR , 2 7K Bt B4 A0 X e, (B RE K HEAI X T RE, B
MERAMERAE I EEEE., Hik Ea%5
iz o AERRER BN AR 3 ho b, AT A w3 A B Y
B, T B AR A A B AR
3.3 REEREMNFRABALNENHEE
3.3.1 BEHEHRAN A& /KE. pH H 555490 8ER
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Table 7 The effect of impregnation temperature on water
content, pH value and shear force of beel shank

B/ T ARR/H PHH BaH/N
4 76,1410, 21% 5. 940, 01 34,5040, 46
10 78,4720, 28 5.870.01° 28.72£1. 00
20 84,890, 08 5. 7440, 01¢ 24,1841, 05°
30 82, 30=0, 13 5570, 00? 16,9540, 974
40 75,0720, 56 5. 620, 014 23,6840, 61°
30 76, 48=0, 217 5,690, 00! 30, 30+0, 68

i R H A W AT R A A R (R R EE A
Ml % 5% B ¥ (P<<0.05),

BT o[ R,FERERE AR 1. 50, B At E 2k
ShMANGT, . MESMBEMN &, AFS KK
BREETETHRMOBEHE WU HIERERETRE
tht I iRk %, pH (7 20 CREAXERAE
F(P>0.05)  HePHEMEKEE 20 CHBFFHEME
(P<20, 05), By ¥0 A {H#E 30 CrABIBALHE. M5 2
& L7 X R B BEAE 20 "C# 30 'CZ HIAY, MR
F14) A 2 R A 0 ., Tk B B ) B BOR L B
VR RE A2 T W . YRR Y R B B ) 7 (L A4 4 18 i
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3.3.2 BRI BE X LD B A B R E VAT A e

#i FESBHMEETOLE-BAMNBEETS
Table 8 The sensory scores of braised beef shank under

dilferent impregnation temperatures

?!?t" pRNE  EREE  MERE  ESRERR B4
i 18,0540, 16* 14,7440, 645 B, 65+0,33F 25 0840,58* 66,52+1, 32°
1 16.02+0,56" 14,0540, 15% 15, 81+0,80° 23,6340, 40 70,4141, 18®
20 14,5740,55% 16 8040, 73 21564090 23,150,568 76 44f1.010
W 1LTRE0 78 1LSTHD 3 18,670,538 22.12+0.48° 89124067
0 10.9540.50¢ 121340.27° 139941004 19.554106° 566240, 69¢
50 10.8840,45° 11.9240,69° 10.4640,37° 17352117 SLG12.13°
T [P ] /B 6 8 4 B PR 7 ) 82 i o F Ak 0
62 78 ¥ (P<<0.05).,
M#&ESTALMESHRENFAR . AEMAES
HYUR 5 F 4 B W MR, O AR R B R LT ETT
PEay ., AFESE 4 CZEBETRMP<0.05),%
10 CZEBT—BHHSURANATE 30 CZEBE TR
(P<C0. 05) s HLEE EBRIT-A- B FER TR & 20 Cht
KB KO, B 4k 2 THE 230 C, MBE L # R E 42
FLE Ay 0 2 T RE(P<<0. 05), ZER PR AL K 20 TR, B
REY e SR 57, B R ECR W B F  HE O
W RN RER AT R E WA ES R
PR EE , AT B ERRME(P<0.05), AR THERS
AT 41, B TR B 3 20 “C ] A 2 3 4 el o) ) O 94
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Table 9 Box-Behnken experiment design scheme and results

8 ARRERE/ % BRHNE/N CEHEE/T SE#t

1 1,25 2,5 20 8. 14
2 1.75 L3 20 83.75
i 1,25 5.5 20 814
4 1.75 1.5 &0 83.68
g 1,15 3 15 82,33
6 1,75 3 13 82.77
7 1,25 3 25 83.18
8 1.75 3 25 83,36
4 1.8 2.5 15 82,56
10 L5 1.5 15 82.32
11 L§ 2.5 25 82.51
12 1.5 3.5 25 83.53
13 1.5 3 i 85.23
" 1.5 3 a0 85.E9
15 1.5 3 20 86. 06
16 1.5 3 a0 86.13
17 1.5 3 20 86,39

{# ] Design Expert 10, 0.7 #4433 9 th i $iE
T EZLEELE, B3R E S RS R
(A . BEEEBAEFHBRECOBRETR:. Y=
B5. 9440, 31A-+0, 25B+0, 33C—0. 34AB—0. 06TAC+
0.32BC—1. 25A —1, 4B  —1,. 77C% .

R0 DHAFSERAEAFENRUEE AL

Table 10 Analysis of variance of regression equation model and

significance test of coeflicient

REE FAR O AME S F{i Pii  BFH

ok 34,80 9 3.87 2128 0.0001 »
A 0.71 1 0,71 541 0.0528 ns
B 0.5l 1 1,51 LE6 01013 ns
C 0,83 1 0,85 .00 0,0442 '
AR 0.46 1 0,46 21 01163 ns
AC 0,018 1 0.018 013 0.7307 ns
BC 0. 40 1 0, 40 2,80 0,138 ns
A® 6. 1 1 6. 61 46,52 0.0002 "
w B.E7 1 8.67 £1,07 00000 -
i 13.27 1 13,21 93.43  <0.0001 e
AE 0.99 7 0,14

P 0.2 3 0,078 041 0,754 ns

BiRE 0,76 4 0,18

a1 35,79 16

B "ERERER(P<0.05),;“ v "RERLERERE
(P<O0.01);ns WmERARE,

thE 10 AT4, BB F =27, 23,P<0. 0001,
WHE RN AEEE, KLY FE=041,P=
0.7544>>0, 05, A ZEBI R L HIA B F, oL M B
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BT VR R A B K (P<<0.01)., REZX
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A5 B s R A fF R e ok 12, 911> 4, {5 B 485 780 (3% 461
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R EE 20. 49 °C,BEH P4 Y 85. 98,
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Fig. 1 The response surface and contour diagrams
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