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Abstract: To improve the quality of regulated steaks, promote its integrity and solve the problem of its uneven quality, in this study,
glutamine transaminase (TG) concentration (0.10%, 0.20%, 0.30%, 0.40%, 0.50%), sodium caseinate concentration (0.20%, 0.40%, 0.60%,
0.80%, 1%), sodium alginate concentration (0.10%, 0.20%, 0.30%, 0.40%, 0.50%), and the action time (2 h, 4 h, 6 h, 8 h and 10 h) were selected
for single factor experiment. The test conditions were determined based on the steak shear force, shape retention, slicing, cooking adhesion and
comprehensive effect. The optimal processing parameters to improve the quality of the steak were determined by response surface method as
follows: the mass fraction of TG enzyme was 0.32%, the mass fraction of sodium tyrosinate was 0.40%, the mass fraction of sodium alginate
was 0.31%, the acting time was 6 h. Under these conditions, the sensory score of the steak was 4.85, the predictive value of sensory score was
4.89,with a relative deviation of 0.82%; and the tensile strength was 818.85 gs, the predicted tensile strength was 829.43 g-s, with a relative
deviation of 1.27%. The results can provide a basis for quality control and standardized production of regulated steak production enterprises.
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of steak

i B AR FEREARRLELM T HeR AT )
HERRZE (p<0.05), FE.

HE 1AL 2 TG B R BAE 0~0.30%H,
AHHIBTTIIMERE TG i 73 S i 25 A
(p<0.05), TG BEEIECN 0.30%I, 487017
B 2.053 kef, FHELXTHRZHBEAR 25.10%; AAILEA R
RN 9.15, XA 124.82%. XA g2 T
W& TG B S =rHem, M 7 A-Heh a5 o1
TG Bgor TR P A S IRIET R p-ARIRI AL
Z BRI SN, TR 1541 PRI
] e C-PEBE) BRI, R T
KA, TR T e R FUR ORGSR,
TREFREIKSY, AHERME G, BIUREAS, Y
MR TG iR E T 0.30%~0.50%IK, “F
R RTEIE . VDR YR I RE M T4z, BT
THEMEEEBRABUAEZE (p>0.05), FEJFE K] HE
Fe T A R A PR [ E AN, BEE TG Ml
PRI, B BRSSO Tk R R
MTGIEFFEERAT, AR CROK IR B I, BT

DIJMERE 2 Fase, AR ORI AE, Toikgks:
ST EC RS 1Y TG BEREDBHE 0~2%
B, B A R R S BT, A BT
RALSE R TG BEFT R 1.95%KF, P E AL ikt
FREBREEAE A 32366 g-cm, IXFIAHE 7T ARt 34—
2.1.2 B G BANAT A HEME AR SR A7
"15)

e Em At {12

v AERGEYE 2 b ab 10
B0 emear LYt | 0&
= ; ls =
5 | ¢ o 5
I . z
:‘__:,R 5 2 /’b/ il S PR

pl ¢ c c c
- 2
0 0

O.IO O.IZ 0.I4 0.I6 OI.S 1|.0

4 28 AR BB/ %

B 2 B BRI A HEME A B R AR
Fig.2 Effect of sodium caseinate on tenderness and shaping of

steak

FH ] 2 TTA, P& ER RN 0T 5 0 BU7E 0~0.40%H
AR BT) B R R BRI E B R T
F% (p<0.05), BE&HE RN E 7 HON 0.40%IF, il
B IME N 2.054 kef, AHECHHIRZH A 23.95%; B
CREMRN EIEE ETHES (p<0.05), B&EHER
JREDECN 0.40%0], AIZRE RIS 8.65, L
XTREZHER T 60.48% - X P RESE HHT-7E MK S [ BRENIR FE
BN, TR RAW IR AE TR A YRR I L, A
A HER A SR A A LU 22 . Tt A T B T R
JRESFIIGIN, KA RIS,
KGR RIRIEK AR, RIRERD, IR R 1)
FEPERG N, BHAE 7SR KRR I Fa R A AR AR,
IR R a0, g 1 AR 2 TN, BRAR RN
SHAHEB V) AR B TG BN B R AR =
IEAE 0.40%~1%I, A-HER B iEE TR, &
REEMRARMNs), FEIFRT RS iR E
FREAKR AR — e LG, i BRI 2k
S AR, SRR TRk, A HER K M A,

BIPIJGEREAR, A ROR RAFE A=
2.1.3  iBERBAN FHEE AR SRR AR
HIE 3 AT%1, 7E 0~0.30%3EH N, ZFHEETY) /)
e R R i - B B T 25 R R (p<0.05), i
BN = ECN 0.03%K, HEEIY)J1MEN 2.014
kgf, FHEEXTIRALPEMR 22.03%; A LR A R8O ) 3
B ETHES (p<0.05), WFERRNTE S E0N 0.30%
i, AR A RCRIS ) 9.17, FHELXTERZH$E T 68.21%.

229



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

AT REAR F TR AT I B AR T T A e At
FErh kiR P, SRR 1 T 8E R IR AT
TR B RIBR BEAN IR Z AN A BH B8 T BReAE s
M EERRAAN) G BEBUR M SRR nT IAES 851454, G
HEB AT LU R R AR E PR, M EEBT LA
TR HLEL A% RS R PO e e 7k 2 e
15 U RN FETE. 0~1%IN, Bl U Wik
FhiE, BERR RN RKAE IR E R, WGk
1%IHEEIR 2K AETT N 99.18%, 254N 95.75%, #H
Ebas (4L, HEERRENR T 1% BEIR RKRE 13T T
3.58%, IXFIAMFHEHR—E. SRR SRS
FINEE, BURAIPLRES TR WK, 859175
(R, A EERRAN IR B 3U7E 0.30%~0.50%H, 2
A RIEE . VIR PR, EHREEE TP, 2263
PR EZ (p>0.05), XAHEZH TR ET
20, ARHEER R R R, (AR C ek
PeTt. BEEERR A A B, BT E 2
wE FTHES (p<0.05).

o BRI T ]
P COsIAfE {12
o ol v L a . a0
Ej = LA $ t : I
o i B
N ‘; ' 16 ﬁ
) 2
& 5 A et |, X
&b b . b 2|
0 1 1 ‘ 1 ‘ 1 1 1 0
00 01 02 03 04 05
RN E I/ %

&l 3 SEERRE AR - HERE AN R BUSUER B2
Fig.3 Effect of sodium alginate on tenderness and shaping of
steak

2.1.4  AER B 1A A2 HEUE Ak SRR 09 R
HiFl 4 AT %N, A (EIFE 0~6 h i, A-HERIET)
JHEFEAE P I TE] 5 IR 2 R R (p<0.05)

#, VEHIBIE 6 h i), ZFHEBTYI A 2.089 kef,
FHEERIRAL IR 20.50%; BRALZR G RCR N 2R3 1
T (p<0.05), EHEIEN 6 h i), BALRE R
550 8.82, MLEXRIET} 68.35%. XTI RER HITHE
EVERIRTARER, KiE ik RITEB 8 RIEIER, 4
HER K MER BRSBTS
Pt e ARREN. K- Bt A iR Hhie . TG B
1% 2:4:1 JHATHETL, 1 1.20%A BRI A R, B
] 4 h AN B, IR 2R N A ROR S
KRBT 12,67, X EAHIFARTESR, ATREZH TR
LR R R S L 22 R Tt AERIIRFTAIR T 6 h
W, AR BT ) I E 2R G RO 1 R IR & 5

230

(p>0.05). FEJFFATHER TG BEANEEERR B TR
GRS HYIAR] TI(H, TG BEHiiE
IR, EHER BT TR AR T B

o {RIEH: iRy i

P COsvIME {12

ol T AR . . a 10
E; - LRANUR ;, ' ' : s &
¢ EK
M. L
= L 3
:‘h‘:’R : a b = —3 = e ®

!7’f// - d d d 2

0 1 1 1 ‘ 1 “ 1 “ O

0 2 4 6 8 10

YEFHE 1] / h
& 4 1R BIE)RS A HE R AR BLUER B9S2
Fig.4 Effect of action time on tenderness and shaping effect of
steak

A-HE S BTVEAR bR 2 e 5 R R L, BT
JHERE— M WL S R EE KIS EL, BT BB
S, MUEBRGF . AR T2 H R T HE R BT
[ AR A 7 ot SECIMS AT B, o T B0 B ) B
KT RESE R, FECSE I (A [RIIN I ZI 22 4E T
VEN AR, BUESIN 7 AR ORI, DA
BHIREIEVE . SREFOREENR . L REEE R
PRI I B B U] 08 3% B 0 R B A i 0 25y
g, WAL TG RglitE D EL 0.30%, A RN
JRETEL 0.60%, EEEERRENGTE72 4 0.30% A I
6] 6 h AE g S A0 i, SRR PP 43 AR i
JEE R 8 TR ER FE AR o

22 wEERRER

2.2.1 Box-Behnken iX3&4E R RARR 22 5

PR LR 2R TSI 45 TR, IR TG B 20 5(A)
Fit B AR BN B0 B(B) - TR RR BT B B (C) FE
FH I 18] (D) ) A B 45 R AT DU [ 28 = /KT 1) Box-
Behnken WA HTIREE, RIGBTT LLER LK 5.
1ZH Design-ExPert 8.06 %% AT — k£ ot
G 3R E R (Y ORI EE(Y ) 5 4 D
T A. B. C. DHIERA:

Y,=-7.40458+19.56667A+16.55833B+17.58333C+
0.8875D+13.25AB-17.25AC+0.525AD+6.75BC+0.525
BD-0.35CD-33A-32.25B*19.625C?-0.09375D"

Y,=2850.5773+1868.44667A+3242.30667B+3508.
9966C+736.121D+135.75AB+232AC+266.96AD+1555
BC+18.45BD-42.825CD-5842.00833A%-4819.25833B%-
6459.75833C?-67.78008D"



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

=5 FHFmBRIZ R AY Box-Behnken i{IG 25 R

Table 5 Box-Behnken test results of steak quality improvement

TG B& &

B E 8 BT

R BRAN

wig o e, (PRI Y TR V)
1 0.3 0.4 0.4 7 4.67 683.81
2 0.3 0.3 0.4 6 433 712.12
3 0.3 0.3 0.2 6 422 719.16
4 0.2 0.4 0.3 5 424 731.22
5 0.4 0.4 0.3 5 4.65 721.12
6 0.3 0.4 0.2 7 4.47 685.01
7 0.3 0.4 0.3 6 4.79 819.15
8 04 0.3 0.3 6 4.5 704.17
9 0.3 0.4 0.3 6 4.89 837.49
10 0.2 0.5 0.3 6 3.66 715.37
11 0.4 0.4 0.2 6 4.65 709.96
12 0.3 0.4 0.4 5 475 694.28
13 0.3 0.4 0.2 5 441 678.35
14 0.2 0.4 0.2 6 3.71 702.63
15 0.3 0.4 0.3 6 4.88 812.62
16 0.2 0.3 0.3 6 4.05 708.84
17 0.3 0.5 0.3 7 4.56 717.14
18 0.4 0.4 0.4 6 453 723.85
19 0.3 0.3 0.3 5 435 722.48
20 04 0.4 0.3 7 4.69 743.15
21 0.3 0.3 0.3 7 4.47 736.32
22 0.3 0.5 0.4 6 4.55 759.74
23 0.2 0.4 0.3 7 4.07 646.47
24 0.3 0.5 0.3 5 423 695.92
25 0.3 0.5 0.2 6 4.17 704.58
26 0.3 0.4 0.3 6 4.85 832.93
27 02 0.4 0.4 6 428 707.24
28 0.3 0.4 0.3 6 4.79 845.09
29 0.4 0.5 0.3 6 4.64 716.13

* 6 FHRRMRRSIAERNHEES T

Table 6 Variance analysis of quadratic polynomial model for steak quality improvement

, Y, BB Y, bR

hE2F74 HWE FIA P14 hE2F74 BWE FAA P&

AR 2.76 14 2538  <0.0001%** 66390.03 14 1161  <0.0001%*
A 111 1 14296  <0.0001** 947.14 1 2.32 0.15
B 0.001 1 0.13 0.72 2.79 1 0.007 0.94
C 0.18 1 23.50  0.0003%* 551.49 1 1.35 0.26
D 0.008 1 0.97 0.34 82.53 1 0.20 0.66
AB 0.07 1 9.04  0.0094%* 7.37 1 0.02 0.90
AC 0.12 1 1533 0.0016%* 21.53 1 0.05 0.82

BTR
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HELER

AD 0.01 1 1.42 0.25 2850.49 1 6.98 0.02*
BC 0.02 1 2.35 0.15 967.21 1 2.37 0.15
BD 0.01 1 1.42 0.25 13.62 1 0.03 0.86
CD 0.005 1 0.63 0.44 73.36 1 0.18 0.68
A? 0.71 1 90.96  <0.0001%* 22137.77 1 5419 <0.0001**
B’ 0.67 1 86.87  <0.0001%* 15065.03 1 36.87  <0.0001%*
C? 0.25 1 3217  <0.0001%* 27067.12 1 66.25  <0.0001%**
D’ 0.06 1 734 0.0169* 29799.83 1 7294  <0.0001%*
KRE 0.11 14 5719.80 14

KA 0.10 10 433 0.09 5009.10 10 2.82 0.16
Wiz £ 0.009 4 710.70 4

B o 2.87 28 72109.83 28
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