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Abstract: Using different temperatures for 'storage of SpiC}/ beef, quality indicators and Pearson’s correlation coefficients of quality
parameters during storage were evaluated,sand a shelf-life prediction model was established. The results revealed that during storage, pH
increased after an initial decrease, the total bacterial count, the total volatile base nitrogen (TVB-N) value, and thiobarbituric acid (TBA) value
increased, whereas the sensory quality and hardness-of spicy beef decreased. Lower storage temperature resulted in better product quality and

longer shelf life. The shelf-life va of spicy beef stored at 5 C, 15 ‘C, 25 'C, 37 C, and 45 C were 16.0, 12.5, 8.5, 3.0, and 1.5 days,

total bacterial count showed a significant correlation with sensory quality, pH, TVB-N, TBA, and hardness (p<<0.01). Multiple
regression el‘ regression model for the correlation between temperature and shelf life, and kinetic shelf life models (tryg.s trven, and
tHardness ) Were loped “based on:dynamic changes in product characteristics during storage. Validation of the models revealed that the
regression model for the correlation between temperature and shelf life rapidly and accurately predicted the shelf life of spicy beef in a
temperature range of 5 ‘C~25 °C, with relative error ranging between 0.29% and 2.36%. Good prediction results were achieved using the
multiple regression models within the temperature range of 5 °C to 37 “C, with relative error ranging between 1.07% and 7.89%. The kinetic
shelf-life models (trve.N, trve-n, and tyaaness) €xhibited poor prediction results.
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Fig.1 Changes in sensory evaluation results of vacuum-packed

spicy beef during storage under different temperatures
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Fig.2 Changes in the aerobic plate count of vacuum-packed
spicy beef during storage under different temperatures
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Fig.3 Changes in pH of vacuum-packed spicy beef during

under different temperatures
,ﬁ {§596 - 7E pH 5.4-5.8, AR 75
AR pHMEHRE B SRE BRI I A BT 2 I
3 AT LUK, & it 25 A PRI AR A pH [E 258 T
Bee P TR LY i B v AR A B i 2 (p<<0.05) 6
R TR, ARG, 7 SRR
KEWERYIBE I, PEREAIR, HAETEOHR
E AR SR A A KRR, 30 pH B RIHE
B RN R, RERMIROEFERS, A
FERRRE ST I, AR A S B R O R B
R TR & AT, B UM TR SE G, pH 3B
Wi ETh e x5 TR A A L B A
I A pH HAA S5 R ARTT &

BT A& AR R T 23 E R, BB A
[wIaE pH EAEXS A=A pH (ERK, 4ERF/E pH
(5.42+0.1) G Bl 4, W80 HA [A] pH A% 4k U 3 Ak T
5.30~6.00 JE[E PN, WA o iRk (45 ‘C A 37 °C)
FVE RIS (25 “CHI 15 °C) W3 BE 5 pH (EA L
RIENE (5 C) BE., XFER BT EEER
TR A KBRS, RS IERR K, 7F
AL L B RIITRR .« 5 °C pH B MBRARASFES 6 d H!
B, {HIEEE 15 d i, pH {EA4EREE 5.60 £ 4.
UL TR e, B A A pHAE A2,
I AT LR i A P KA AR o i,

RGER = T B HE .

24 FFHER

TVB-N / (x10°mg/g)

0 3 6 9 12 15 18 2l 24 27
Wy e) / d
E 4 FARICEIRE & TESERMERG-P TVB-N 1L
Fig.4 Changes in TVB-N of vacuum-packed spicy beef during
storage under different temperatures
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Fig.5 Changes in TBA of vacuum-packed spicy beef during
storage under different temperatures
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Table 2 Pearson correlation analysis of various indicators of vacuum-packed spicy beef under different temperatures
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Table 3 Prediction equations for the shelf life of vacuum-packed spicy beef under different temperatures

e R B/ C ZAZIBAT frrds RUEE )27 A
TE b -14.482
5 TVB-N X, 1.767 0.997 Y=1.767X,+0.846X,-14.
HEEH X, 0.846
FE b 17.225 1
15 R X, -0.118 0995  /Y=0.118X;70.979X,#17.225
EESS &¢ 0.979
25 %ﬁgg b 17665 0:979 Y=-0.123X,+17.669
R X, -0.123
FE Db 4.27\ X
37 TAB X 0.362 0.990 Y=0.362X,-0.030X,+4.273
BE X, -0.03
45 ﬁ% - i 0975 Y=0.521X,-0.234
B &S X 0.521
4 WERSF VESMEIVEYSE L ahaP-—5s ks
Table 4 Variance analysis for the ion equations of shelf-life prediction of spicy beef
e IR/ C ARA B E #7 F {4 p i
= )2 538.89 2 269.45 146240  <0.001
5 #E 1.11 6 0.18
y it 540.00 8
)2 373.63 2 186.82 81928  <0.001
15 #E 1.37 6 0.23
it 375.00 8
( )2 235.61 1 235.61 37535  <0.001
) 25 HE 439 7 0.63
%3t 240.00 8
)2 59.54 2 29.77 39039  <0.001
37 KRE 0.46 6 0.08
Bt 60.00 8
=3 14.67 1 14.67 31443  <0.001
45 KRE 0.33 7 0.05
Bt 15.00 8
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Y=17.725-0.368X(R*=0.969), 75 Z/ ek H (WE 5)
BINZEFREE (p<0.002), W ifHi%As & o E i
B G R, RERSIR IR SR 26 A S I B A e
ATTIEIN o N FH e 24 520 5 PO A [0 0 I P 2% A
(TR B 4. 5 C 4 R4 15.89 (160 d, 15°C
ZMERZN 12.21(12.5)d, 25 CHM4 R 415 8.53(8.5)
d, 37 CHAF T4 4.11 (3)d, 45 ‘CEHE LN 1.165
(1.5) do f£5 ‘C~25 CHRUREEN, EEEk

*® 6 FARICHREURE F M4 TG A mBRERTE L

ZRIR AR TN RO, TN S IME AR  15%
ZEVEEN 0.29%~2.36%.
5 WERFAAERRE SR RIX REIS NG E ST
Table 5 Variance analysis for the regression equation of the
correlation between storage temperature and shelf life of spicy

beef
BA Prk gEwE HF F 14 P&
)2 14143 1 14143 12604  <0.002
KE 3.37 3 1.12 | 4

%ot 144.80 4
2.83 IR TACF R R SR A R 5
JR TACTh /) FAER 69 5 52 ~

Table 6 Kinetic equations of changes in the quality of vacuum-packed spicy beef under e temperatures
FAF R REE IR JE) C )3 %5 42
5 y=0.430x+8.335 '0.993 0:430
15 y=0.521x+8.702 0.984 0.521
0 25 y=0.719x+9.567 0.911 0.719
37 y=1.329x+9.63 0.930 1.329
TVBN /4 45 y=2.729x+9.50 0.943 2.729
5 y=0.032x+2.176 0.988 0.032
15 y=0.039x+2.208 0.964 0.039
1 25 y=0.051x+2.278 0.879 0.051
% y=0.097x+2.282 0.869 0.097
y=0.199x+2.271 0.891 0.199
Q/ y=0.167x-0.201 0.857 0.167
S / y=0.197x+0.005 0.844 0.197
0 25 y=0.560x-1.009 0.893 0.560
37 y=1.473x-1.159 0912 1473
- 45 y=3.067x-0.778 0.943 3.067
TBA
5 y=0.107x-1.027 0.967 0.107
15 y=0.117x-0.766 0.903 0.117
\ 1 25 y=0.220x-1.053 0.949 0.220
( - 37 y=0.432x-0.678 0.931 0.432
45 y=0.831x-0.443 0.875 0.831
5 y=-3.895x+157.0 0.981 -3.895
15 y=-5.417+146.2 0.986 -5.417
0 25 y=-7.981x+142.4 0.981 -7.981
37 y=-15.45x+128.8 0.887 -15.450
B 45 y=0.831x-0.443 0.875 0.831
5 y=-0.037x+5.111 0.962 -0.037
15 y=-0.065x+5.090 0.941 -0.065
1 25 y=-0.117x+5.134 0.960 -0.117
37 y=-0.239x+4.961 0.938 -0.239
45 y=-0.374x+5.010 0.985 -0.374
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B 2.8.1 Z oA, ik & fme k) R
PR 2R AR FALFE AR TVB-N {5, TBA AR, H 0
RN BN 15T RE S AN [F iR 26 A R 2R Al
TVB-N {f. TBA &= E 1A rila, ke
B . TBA FIRERE % 1 S8 pirdS Bl A 5 2 1Bl UE
HALT 0 RS R EDIER (R®>0.9), KB
BRI BRI TBA S EAIRERE AL 1 N
B 15 TVB-N 1% 0 R FrfS B 5 FE R [
HAKT T 1| FAERE R R (R>0.9), KW
W5 A 7 (5B WA AL ) TVB-N B 0 2%
SRISLEN IR0

SR Ak 5RO R — AT G Arrhenius
JiREH P

EA

k =koe R (1)

KF: ko ADAZE; Ep AR EE Jmol; R AR
T A 83144 J/(K-mol); T AsextigE/K.

AL TVB-N {H. TBA FIREFE 1) 85 2% J /T8 5
WAL (Ink) NAANR, 8GR B (B (1/T)
IEAAAR A Arrhenius BHZR, BT 283506 50 1928
PXRFR (R>0.9). HIEIZIZS Arrhenius 7572
TEAGRE Ea M ko, W03R 7 P7R. FEUGEERN 23T
R A= A FE A TVB-N {H. TAB Filfigi 481
FAE K SR T 2 [6][%) Arrhenius 73‘7?%%3

32.90x10?
k. =5297x10° xexp| — ol
TVB-N p( T J
38.60x10°
Krga =1.469x10° _38.60x10° 3)
TBA x xexp( T J
Y 4
3
kHardness = 6% 1()6 X m (4)
3147

SRR, 0 ZUR R BRI A7 &

1R
At @ IR S A P14 2 A (6):

<

= 2=% 5
kxe RT
f= w (6)
kxe RT

KPP, QyA#ksdi; QAR t itiEE /R,

¥ TVB-N {f. TBA. HEFERIEEERI B 2%
RN (5 A (6) H, BT LIS R ES AR
FRA B ZRATIINAL R (7). (8) MIL(9):

Q-Q )

t =
TVB-N 329OXIO&M

InQ,~ InQ, ©)

Hardness — 42.78x10°

3.836x10%xe 83147

\h =7 ShhEFEEBH
Tab arameters of kinetic models

2 o 7E1E Ea .
A 15 R R FATHE T K,
/(kJ/mol)
TVB-N 1& 0 32.90 5.297x10°
TBA 1 38.60 1.469x10°
R 1 4278 3.836%10°

JS2 P b3 22 2 S AN [R5 P 2% A T A A )
TROUYITNEAE, WAE 8. MMBEAIR: trvgn. trea AN
thiardness ST BOASYRR A PRINRCR B 22, T B 5%
DEARS R ZEVE S K. X AMIE LT BE e P 77 1 SR A
R B A S PSR 2%, KERY)
PERPRL S RORME AT 15 B A M BRI R A&
PP EMAFTEA T E M R RIS R 52
H BB TR R MECR, G Eh 1 A R
ZRK.

R 8 HAFAEBFUMIIE
Table 8 Prediction and validation of the dynamics models

o e o 1m s trveN trBA THardness
BESC O FERFRREY — - =
FAME/d  ABRHR £/% Al ABSHR £ /% ol AR E/%

5 16 18.64 16.50 29.69 85.59 17.40 8.72
15 12.5 11.38 -8.98 16.64 33.10 9.15 -26.77
25 8.5 7.18 -15.55 9.69 14.02 5.03 -40.84
37 3 4.30 43.17 5.31 76.84 2.58 -14.03
45 1.5 3.12 107.76 3.64 142.74 1.70 13.28
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3 &g
3.0 MIEA WA R RIEE AT IR

i

T A TR 2 PR B B o RV Al pHL
TVB-N. TBA FAH EELEAN )8l B 26 A8 4h 22 57
P R R, 7 SR . R
At e, fEREE TVB-N {EA1 TBA JH&, pH
ESEFEET, APIRERE SR e BRI ILE 5 °C.
15°C. 25 °C. 37 CH145 CIEEMA M 16.0 d\ 12.5
d. 8.5dF13.0d. AL S T BB I

BARAIAR OGS DUARL,  BVE S E )i, pH.
TVB-N. TBA A1) M B A, S iz
ai i BRI R R

32 BB AR TM

(1) L Z Tt T 2T 77 FE A -

5 C: Y=1.767X; (TVB-N {H) +0.846X, (7%
MHD -14.482(R™=0.997);

15 °C: Y=-0.118X; (FEEE) +0.979X, (&40
+17.225(R*=0.995) ; 25°C : Y=-0.123X, (i &)
+17.669(R*=0.979);

37 ‘C: Y=0.362X; (TBA) -0.030X,
+4.273(R*=0.990);

45 °C: Y=0.521X,; (H% 580 -0.234(R*=0;

1E 5 "C~37 CIiEEFE s 1T ES
SEMME AR XS 1R ZE Y FLA 1.07%0~7.89%

(2) BRI ( A CY/d) o R
-0.368X(R*=0.969), 7t
RATRINME 5 S ME

HIXHR 2 ﬁ).29%~2.36%0

HRE FERT A WAL [ N3N 7 5
TVB-N 2B O LRSI 112 . BT T AR
W 71 DI G
Q[ _QO

t =
TVB-N 32.90x10°

5297x10° xe 83147

InQ, —1nQ,

t
TBA _38.60x10°

1.469x10° xe 83147

¢ B InQ, —1nQ,

Hardness 742_78“03

3.836x10°xe 83147

s%

trvens tTvBN M thardness Z1177 57 5 ZEHHASRY F0 2%
T

R, M-S SR AR R 25 Y Bl k.
4 i

TR EE AT R (DB R E T (45 C),
SRR TR SEE 2 MR R e 256
N B HA R B br, R R R R %
RIS S AR A, ST S IR ) B 2R A T
AL, (2) EFIRAKIR (5 C~25 CYy 4&4F, ik
BE (XKD 559880 (Y/d) 26 RBREA &5 ks BE AN
BoMmZE, TRMERET T HAh AR A, Pl n] 52

5 C~37 CIFELET
2 SN AR R P
AR, JE SR PR AL T MDA AR A 9 A
AL ) B AR HA IR AT 7T

Ak AR 4
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