Kol T

Transactions of the Chinese Society of Agricultural Engineering

sk FE23 M Vol.35 No.23

2019 & 12 H

A K % A BRI R A ) B RN S5 A RO S A 5

OB RN ORRE AW, EWE RIR
AT, B, MAIE, ke

(L iR R MRIES TR, 2% 271018; 2. {LAE WA S5INT R & 26 R EIH L, FME 210095;
3. ERAFEF PR RIBE S, @I 028100; 4. ERAFEFFIEARK RS f g4 R0, Zhii 0263000

1 E. SR SRR (LI E R, 2~0 C) MRVkiR (L) VKIEE («4~4 °C)) WK G54
AR IR, DA B R 24 T R L UK T %o 2 PR PR R A A SR . RIS T IR (20 JAD AR KR A1 B
W pHAE. W, HMAEMEEE. #HRMEERILA (total volatile base-nitrogen, TVB-N). JEWi TR E & 5 54845
ZERRW: 2 MhUKIRACPETR, 2R PIAE 20 JA I p 340 mT CAAERR R U7 1) PR €0 K BT . TSR 0 RIS, RRDIuKiR A
T2 AR B T T A R TVB-N B E 4 Bilik B 7.09 1g CFU/em® A1 15.59 mg/100g. T bRiEEUKIR 26 1F T B2 PORE S A2 I
Jo A 1R L 1 VA R UG KT 7.00 1g CFU/em?, TVB-N {EAEIGEEE 12 AR A BHEERME (<15 mg100g), EF]
16.66 mg/100 go JAMKE, FRAEUKIR AR T2 0058 4 AR R T A, fikEE TVB-N EIBR EbriE, B bR HEvKIR
FRE KR 2% A A B 4 o3 AN 9 FAL A 12 A
XBEIA: W, R Swmisdl; HRM

doi: 10.11975/j.issn.1002-6819.2019.23.037

PESES: TS251.52 XERFRERD: A

OB, F R RRE, GRS, B, KRIE, EBOE AL, MR, K8 TEKEFHCAINES
ARSI ZMARI]. R TR, 2019, 35(23): 305—311. doi: 10.11975/j.issn.1002-6819.2019.23.037
http://www.tcsae.org

Chen Xue, Luo Xin, Liang Rongrong, Yang Xiaoyin, Dong Pengcheng, Zhu Lixian, Mao Yanwei, Han Mingshan, Hao Jiangang,
Zhang Yimin. Effects of super-chilled conditions on quality and shelf life of beef cuts during long term storage[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2019, 35(23): 305—311. (in Chinese with English

XERHS: 1002-6819(2019)-23-0305-07

Dec. 2019 305

abstract) doi: 10.11975/j.issn.1002-6819.2019.23.037

i3

0 3l

o [ R 2 A P AN SRR . JEAESR, BE A R
AR E AN, A R DR EE BT BOR BT R E 2
NP b AT b R A R P 1R TR P PR PR SR AT I R
D715 R By VA R R o A Y LA R LT R R
ah i, (HESHUREGE, AR T M. KiEEE
i B R AR AR T DLGRAIE B 1 7 B 4
BRI R L R 20 AL il Bt CORUR S 2RSS ) i
A RIC); A SR L, 2 22 m U R PR 1
JRBER . BRI, IS 2 A I 7 VA TE DRI PRI R [
IR S B SR I N L

VKGR IREF B AR A S M E T 0 CULR, UK
LLE (R VR A, A R AR IR T AN R E (RS, £E
T Gl A P A B R 0 R I, S M AR R R4
JRPO 5L GV AR EL, KR AT A R 4 K

WA H I 2019-07-13  &ITH W 2019-11-04

FETH: PN A B AR R R WL 05 &R BI(A4E CARS-37); IR
B IR A AR R 2 A1) BA 1 T 5% 42 (SDAIT-09-09)

fEEfN: B 5, HEE, REAFERSEE.

Email: 2019010030@sdau.edu.cn

MOBEER: K—8, WL, BIEE, EEAFERLEZEHIT.

Email: ymzhang@sdau.edu.cn

http://www.tcsae.org

FPERER R 1.4~4 U, nEEsk, iR CL TR
T A e AR S Youssef Z5EPIIT5T T AN [ e EE
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ST AR ) B SR AE K 2 7% . Small 25N TR
A AN [F) T KA A= PR B e 5 B ) Al 2 4 B v
BB BRI, KU 26 G & L) FE AR AR RR
R R SRR R B B PR B A B0 (29 6 1g CFU/em®) o
He RS R P IR R VKR AR R R A 5, Lan 251N UKIR
25 T /IS R B 22 S R 2 K PR B AR A R
M AR R ZH RT3 A BT 7T A IR R Y 3k 1 oK B 2 U AE
PRUEVKIR (SRS =ER &M (0~2°C) ) &M THEE
ATk 20 B (H H R, TR A4 B2,
] P KR PR B 57 A 91 2 4 AR R JE I K, Rl 3
T RS AN 22 Lo T L L P R b UK A R T R
M, WEE 2 PR B S R, I A2 RO ek 1] 7
Ji, R 4R R R SR AR BRI, FRATT AN TE A R kK
TRAAE TN A IR 5 AR A RS B R TR . IR E,
T RH R 2 AR A R TR 7 Ml KR 2 X A TR R PR R
B, ARG E T ARAEVKIR (238 SR &4, —2~0 C)
FENME KR (L) UKIRE (—4~4°C) ) 2 Mg,
WEFL 71X 2 FhoKiE 460 SIS (20 D R
HALTR bR SE MR SR SRS AR, BERE
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T A FIVKHR 26T BB A f RAR AL, D% Ja DKt
BORIIIT R AR K S

1 #R57E

1.1 #REERT

RIS EEAIE B 10 Sk T TR AT s KL (4
24 A¥%, FRFEZ 310 kg, WEEERFBESID .

Petrifilm ZAEYIA F, S E 3M AF]); MRS W,
S Oxoid A#]; NaCl, JE/KBRIREN, AALEk, 2-mifE
tbzfg, WAL EAFARAF WK, HK, =
AW, REJ@ELFAFERAR: 1,1,33- WL
g5, £ sigma A A
1.2 UHFH5RE

Senven2Go pH i1, Ffit: Mettler Toledo A #; SP62
fEHE B ZET: £E X-Rite A#]; TI8 il /o HihL: &
IKA HIRAR; CS501 fHR/KH: Bl f
AT AB104-S K1 EE MR -4E R Z A RA A
SPX MIAALREFRM: TURILRIAR] s Bag Mixerd00
Jii#s: V5 Interscience AF]; 1400 AV AtE: EH
Thermofisher A ;s VKR A BROKFE: HEFHLH KA IRA
ml; K-355 YLK &AL, Hit BUCHI A#]; Logtag /¥
WAL, WA ERFERA A
1.3 WREHZE
1.3.1 #Hshax

WAB %G, AT 2~4 CAHI24 h, BUEAE
YIS s em EAFES (41 kg, it 1408 , A4
R CR/AEIE R 20 em’/m®24 h, KFESEIL R 5 g/m*24 h)
Ja, BEATLIEEC 70 HRAE a5 ALA BE 2% 1F R s 2 5258
=, BT-2~0 CH&M TG, iCNGEHA A (RIS
HEVKIR S o 59 70 BURE ST 1) UKIR2E A, B
PUE R EIRST, fE 04 34 64 9. 12, 15 fil 20 R
FE 8 2 SEI0 S AT AH OG0 HT, AR ERZH B (R R
VKR 2, IBHI R E LR R A B AR D o R
H Logtag I 5% i s A 1e 55 A IA] ()R FE i B 0 o i o
0. 3. 6+ 9. 12, 15 1 20 JHKF, 23 51ME 2 HEEm
pH 1H, W, HEAEMHELR, %k MEEIEA (total volatile
base-nitrogen, TVBN) , Jigli%{k (thiobarbituric acid
reactive substances, TBARS) FUEE M i & ehs (B
8] 55 n=10) .
1.3.2 pHAE# M E

KH pH U HLEEAE A DUARE S A e 3 pH E, &R
FERuBENLINE 3 AR, BCFIE T 5 828088 047 -
1.3.3 A& mE

MEFHAE )N — AR HEE T R (4 °C, 30 minD
A ERE B2 (SP62, MIESLIE 8 mm, HIE A, b
HEALA 10°) 1 5 = FE{H (lightness, L*) « £1JE{H (redness,
a*) FIEEJE{E (yellowness, b*) o FFEHRAFHEBEHLIE 6
AR, BUPME
1.3.4 PghrE4L (TBARS) 1AM E

Jig Wi AL 52 218 Siu 25 VR SRS VR B 7E

FEGRM 4 g WAE (BIBRFAAR)D , BT 16 mL
ZRIB/K R 1 min, TSN 16 mL RN 10%1) =&
CRRVEW, RS EIEE. B4 mL JEML O\ 1 mL WK
4 0.06 mol/L FUBRAR L LL S BRIV, RIS e, /K¥m
# (80 C, 90 min) , HHAESKIN. AHEER, 7
532 nm AL E LG A, [FIES 5 B 2 AT (2 mL 7
T/K+2 mL 10% =& LR +1 mL Bift O %R i
WO o MR FRUE A2k AF BIRE S 1 R A
1.3.5 ARZ MR (TVBN) fE 69

Z W [EFr GB5009.228-2016 (& bz 4 EF il &
i PP R MR R A I E Y 5 SR ALK e B AL
ATI5E
1.3.6 fAEMEKEHNE

28 Small Z: 5 IR EAE 4 SR P JE B EDURE 253 A
BE R HEL 40 cm® AFE JEEL 3 mm) , BT LEHBIR
48 (BagPage™, VL Interscience A MRAT) , A
100 mL0.85% NaCl LA FE /K, FHIAFT 83404 1 min.
B 1 mL JE A B0 7 B T MRS A1 0.85% NaCl £ &
PR AT BR EEFR RS, IR IUE 2 R A RV T 2k
YR AT R IR . BREERRRRV, 4R D S g TR
FMWE 1 iR,

R1 WHEYREREYE

Table 1 Incubatory conditions of different bacteria
S IRt

WA b EEMRER . .
. 1 .. Petrifilm aerobic Incubatory
Bacteria Serial dilution oy
films condition
BVE S

0.85% NaCl  Petrifilm 6404 25 °C, 96 h, {4

Total viable count

FLERE Lactic acid bacteria MRS 3% Petrifilm 6404 25 °C, 120 h, JR4

1.3.7 RE®RZ

S Chen "7, BE R VE/ANE 10 2 AH
L BIE TE B N DY R, AR 2% AN BRI T] s 20 S 0] A
At AL ORAN B AR B 52 S HEAT PP A. PP E AR HE LN
2 PR BREBAR SRR AN T 40 DAL AT,
HARAE R — UK T 60 23 WA Ay a5z,

R2 KBERAREITER
Table 2 Sensory evaluation criterion for vacuum-packaged beef
during super-chilled storage up to 20 weeks

T B bR PP FRifE Standard for evaluation

Process Sensory index 0 4+ 0 point 100 43 100 points
I A S o s
Pre-open At B
fregE  EECUREE Fe 5ok SRz
Post-open AR Rt E A
R toE LS REK A3 #X
Post-oxygenated SR R Rt JE B

1.3.8 HELSHT

KH SAS 9.2 27 H (7R & A5 (MIXED procedure)
Kb AT RE DN, FPBENLR A AN, B E RRE
R A g (A DA R B2 ML AR . 2R
BRIV N P<0.05. S5 R R BMEARHERKTE AR .
K Sigma Plot 10.0 /&
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2 HZRES

2.1 FRKEFHTHANEREREIERER

2 FhOKIR 2R R 4 AR B 0 I TA) A 4%
) W EE BN S B 1 PR o AT AR UK IR
FA (=2~0°C) , AL VKR %1 IR B B B i B

—— BREVKIR-20)4
Idel super-chilled -20 weeks
oK iR-3

Commercial super-chilled -20 weeks

il /% Temperature/ C

—a— FDIKIR-64
Commercial super-chilled -6 weeks
—a— T OKIR-9
Commercial super-chilled -9 weeks
[T -I

BOK, Frp AT 6 LB iEE h—4~4C, T
Jei PE B FE IR /N (—2~2.2 °C) o Mk Ak P A B
Prm A N R B E IR L) 10 °C . RS SR, TR
JEE B i R A5 AT o 2 i PP T A ol T e A
B
—— T OKIR-12

Commercial super-chilled -12 weeks
—— FILIKR-15 0

Commercial super-chilled -15 weeks

—a— L IKIR-20
Commercial super-chilled -20 weeks

Jr 3 IR ] Storage time/Weeks

e B AR HER R U B B Y A B B 1 o

Note: The dashed boxes in Fig. | indicate the temperature fluctuation of vacuum packaged beef during transportation.
B 1 2FRR AT AT QRA RREITRE L
Fig.1 Logtag temperature profiles for vacuum packaged beef under two storage conditions

2.2 ARREIKBEHXTFA pH BRI

pH B AT S WP S B R B . ] 2 R, gk
AR R N ] 58 ELAE X UK EE A= AL pHL A S0 5 35
(P<0.05) - 2 ZHUKEEA: IR S 146G pH (BN 5.45, 15
Ay i D ek () B A 2 B S 8 S PR B A . R,
SR 9 RIS pH {5 s, 239108 5.60+ 5.65. W] (BR
%09 JAN , PILUKERE R T pH HZ R IR E
(P>0.05) , HEFHEIER pH MHMFEET. Frank 2516
AT 52 2 TR AS ) Tk 2 W 2 PR UK R, S T 0 B 4 A 2 2
pH EFMAK, 0] R 4R A X R

00 . am Group A
—o— B# Group B
5.8+
% ax
> -
%5,6 “ bx o X ox oy
bx  bex bx  bex
"s54L 4« dx
T
a
52k
50 \ ) . . )
0 9 12 15 20

N
JE IS ) Storage time/Weeks

e a~d(F3C a~g) RN AR IR [0 (0] 2 22 (P<0.05) 5 x~y R
AL R 22 2 (P<0.05) , .

Note: a-d (a-g below) means with different superscript uppercase letters within
the same storage condition differ at P<0.05. x-y means with different superscript
lowercase letters within the same storage week differ at P<0.05, the same below.

B2 REAREMA A E QR AR R pH 1869 % 0
Fig.2 Effects of super-chilled condition on pH value of vacuum-
packaged beef cuts during storage

2.3 FRKEFHMGAENARIERIZIN

HI3E 3 FioR, TERaR A R F T 8] (52 ELAE FH A
RS LHE, a*EM bHERIIIARE (P>0.05) ,
AELP A 1] 32X — 2528 MK A it R LA i A ) RO

FRM (P<0.05) o SALUKEEERIRE S L(E S5 BE K
IS} 8] ) A KB N (P<0.05) 5 X AT g i T it a)
H /KA B L2 5 OER BT S 8. oG/ b*
A1 B T ) R 2 I T A . TR R VTN A L
N BAKYE, BRI e AR . R, A
BT LA b, a2 AR R A (ot B FR bR,
FERIY a*=14.5 B, JH 95t W @R EHEN . A6
For, WA, SAEAP a*EH (A 4: 24.15~25.05,
B 4: 23.85~25.40) MU 4 i T IX — I 9 S P A
YERFR R E B N . AR 4S5, Frank 1'%
R IUA R VKR 2 F T IR 3 8 2 R AN 2 B3 1 m
AR W o LME, BT 4ERr 2R A R A,
RN OHAR ., PRSI RGR S RS, H¥ETIR
RIBEIBIREE (1.5, 2. 5°C) MRE, TR a*b
BT REAREY . 54 BAH L, VKIR I8 AE % PR 2R L4
HAMNEREE, FRONgERFRAREE, KA AR
iy,
2.4 AREIKBREFHTFRAMENHE G

TUEEDD TS Fe i T 80U R D R A48 0 % 2 A PERR AR 1
KRR, Wl 3 Frw, WA R R R 5] )28 AR
FH X6F DK A5 A= PR IR R 9 5 BBOFN FLTR TR 2 LA R R
(P<0.05) . AWFFH, 2 AukEEAd RVIIE T SN
4.15 1g CFU/cm®, W5AT 9 J, T ¥4 5 B 15 i e ek et 1] fr)
FEKT R ERN (P<0.05) . Wk 9 G THIx e
(P>0.05), o B 41RE S VA M B0k #) 7.09 1g CFU/em’,
HH 7 1g CFU/em® (AP BR B, FLTE 5 30k
mfEd, BEET A 4R (P<0.05) o B A
YLRE R 75 B BUA AT 7 1g CFU/em?, 3X 38 AR HEDK
T %A A S A Y B B ) ROR TR A . LR B R 2 IAH AL
MRS . VIAEFLER B A S0 2.89 1g CFU/em?®, 7K
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B3, 2 HuKEE A4 AR B PR B S = 1 B
(P<0.05) , Wk 9 Bl fea T A e .. Wiai (9~20
D, B HUKEFRAERMARBEEEE ST A dHFF

ol A 0 T ) 2 e T R T B AR P 98 3 O R FE AN
FSFE . SARIA R, BREREY. >
Frank 550015 25 410 2 L e q 1A UKL 2% 1 T 28000 8

fi (P<0.05) o IR A ) S R,

AR R, TG B ORRR T O
R3 FRKEFHNES=BRSAMERE R SRR

Table 3  Effects of super-chilled condition on color of vacuum-packaged beef cuts during storage

VK254 Storage condition (B R P 1 Pvalue

fih s 1) vBORIER et e —
Trait Storage time/Weeks A B cans = standar K {m%ﬁ:. . *ﬁﬁﬂﬁj K {m%{f{thﬁﬁﬂ'lﬂj .
errors Storage condition Storage time Storage conditionx Storage time
0 40.61+0.70 40.61+0.70 40.61+0.56
3 40.39+0.70 40.34+0.70 40.37+0.56"
L 6 42.06+0.70 40.720.70 41.39+0.56™
L* value 9 41.75+0.70 41.274+0.70 41.51+0.56" 0.267 3 0.038 5 0.5939
12 41.08+0.70 41.36+0.70 41.2240.56"
15 42.50+0.70 41.13+0.70 41.81+0.56"
20 41.96+0.70 42.42+0.70 42.19+0.56"
Ba+hrik iR % x x
Means + standard efrors 41.48+0.43 41.12+0.43
0 24.15+0.44 24.15+0.44 24.15+0.33°
3 24.26+0.44 23.85+0.44 24.05+0.33°
*{f 6 24.47+0.44 24.32+0.44 24.39+0.33%
a"(‘lvalue 9 24.52+0.44 23.86+0.44 24.19+0.33° 0.6139 0.028 4 0916 6
12 24.67+0.44 24.64+0.44 24.66+0.33%
15 25.05+0.44 25.10+0.44 25.08+0.33%
20 25.00+0.44 25.40+0.44 25.20+0.33%
Bk iR % x x
Means - standard orrors 24.59+0.22 24.47+0.22
0 15.72+0.43 15.72+0.43 15.72+0.33°
3 15.69+0.43 15.42+0.43 15.56+0.33°
pHE 6 16.19+0.43 16.00+0.43 16.10+0.33%
b* value 9 16.01+£0.43 15.0440.43 15.53+0.33° 0.173 3 0.0137 0.702 7
12 16.17+0.43 16.27+0.43 16.22+0.33%
15 17.15+0.43 16.27+0.43 16.71+0.33%
20 16.5140.43 16.64+0.43 16.58+0.33%
B briE R % x x
Means =+ standard errors 16.2120.22 15.9120.22
2 =G 45 P St i 327 [10 =z 1 pHE ¥ porer
o[ == At Growp A \z A R B A RO AR TR, e A R A
g _ 8f 7 B# Group EP abx abx_ax p . - N Ny N
ﬁ§§7 o XA BT b" = achx SR B AAFAE R 5, B REM IR DT SRR, 4
5 ay a ay w226 aby cy o SN T VoY
BE5 6 ¥ T wERs[ ] PRI TBARS 14 (0.19~0.39 mg/kg) , iKWK
2 >0 5 W2 Y - et v g e L o ke \
*%E4d %%ie T R A A ek 22 i 107 SR AR T R, [ I O R B T T
= =
= s N y > o, S 2l AR N
sl P B A T AN S FL S DR 24 PR I S 1) 7 i it ot 55 3% ) 3
0 3 6 9 1215 20 03 6 9 1215 20
PRI ] PSR 7] FHEM,
Storage time/Weeks Storage time/Weeks . e ”
L& B L DAmE R M ER AL E R 18 T A 4 S e A H B fide 2 1
a. Total viable count . Lactic acid bacteria SN . e T vy . N
‘ L st R 7 A 1 R R 0 S O T 0 P
B3 RREARREA A AR QR AR B %A

Fig.3 Effects of super-chilled condition on total viable counts and
lactic acid bacteria of vacuum-packaged beef cuts during storage

2.5 ARKEFGEMEAMEHRERMERSCHEMN

RE WA AT 7= A 2 P 2R i
IR, AFF AR R, Jny, sy 2
Z o U N AR AL SRR, Sl SR R .
R 4 R, Wk A R AU SR 18] (928 BLAE F % TBARS 18
AN (P>0.05) , {EI 5 4% 1 A0 ek ik ) 3 A &
RN 5 B B AR AL TBARS . (P<0.05) o JE7isk 4] 3
(0~6 J&) , TBARS fHIINEZ, 158 T A RE
(P>0.05) . HIEmK 6 &5, B ALK TBARS {HIS =
T A HRES o URRE A R IR D S AR G SR R R . — P,
AU A I A T 9 R I S L I AR PR AR AR T
(2°C), Py 8 JA I TBARS fE AL E4%1L 0.45 mg/kg!',
B3 = T AR A R UKIR 254 T () TBARS 1B . SKIERIE 58K AT

BB, Wk 4 PR, AR
L HAERH B TVB-N . (P<0.05) . 2 AW
5 TVB-N {4 11.94 mg/100 g. WiiiAal, &40RE5h 0
TVB-N {E 3B 58 AT G - (P<0.05) , H B 4HFF
o 3G I ACTR . A HLRE S TE R R 12 R B IS #)
16.66 mg/100 g, B AL S ERGEEE 9 J& I w2 ik 3
1559 mg/100 g, HCHEHE GB 2707 —2016 FR & bx i
(15 mg/100 g) » ZEEMESE I b 7 AS [ e il P 5o 4% A
m TR, [FIRE R L5 i B IR oKiR 25 PRAR LG, R i)
VKR 25 A AT A 2 4] TVB-N {H #9340 . TVB-N 18 5
AT IEM DS, 5 DL R v R At AT
XRh 2 Al e i T IU5 ) B ALRE S M v B
FTEte I, KRR w23, Ha w4 A
(WIURTHETR B30 2.25 1g CFU/em®) ERAE BIVKIR A T K
ISR (20 J&) H TVB-N {HIAZA% T FREE (.
Rl BEARBIAE A Pis Yook ~F, 32 sl 3 il kG
e 25 S IR VKGR R 2 TR T DG

LBRA O Fa

pIIBE RN AR =
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Table 4 Effects of super-chilled condition and storage time on TVBN and lipid oxidation of
vacuum-packaged beef cuts during storage

e I I3 214 Storage condition AR R Pl P value
Trait Storage time /Weeks A B Means + standard TR IE LIS 5] EGRUR AU T2
errors Storage condition Storage time Storage conditionxtorage time

0 0.19+0.03 0.19+0.03 0.19+0.02°

3 0.29+0.03 0.27+0.03 0.28+0.02°

BB 2 6 0.29+0.03 0.3940.03 0.34+0.02°

TBARS/ 9 0.34+0.03 0.36+0.03 0.35+0.02° 0.022 1 <0.000 1 0.2642

(mgMDAkg ) 12 0.340.03 0.37+0.03 0.36+0.02°
15 0.330.03 0.35+0.03 0.340.02°

20 0.3120.03 0.35:0.03 0.3320.02°

y s
SRR 0.30£0.02'  033£0.02"
Means =+ standard errors

0 11.94+0.40% 11.94+0.40% 11.94+0.32

3 12.53+0.40% 12.23+0.40% 12.38+0.32

P29 R A 6 13.56:0.40%  14.64:0.40™ 14.10+0.32

TVB-N/ 9 14.79+0.40% 15.59+0.40% 15.19+0.32 <0.000 1 <0.000 1 <0.000 1

(mg100 g™ 12 16.66£0.40"  18.35£0.40% 17.51£0.32
15 16.47+0.40%  22.39+0.40™ 19.43+0.32

20 20.11+0.40% 26.13+£0.40™ 23.12+0.32

BE+brE iR %

+ +
Means = standard errors 15:15:0.25 17.3220.25

2.6 ARIKEFHIEE MR
UKEEA AR HR b RSN AR AR =

% P o ANTA] A 3 2H UK 2 PR g TR R A 5 AR L
5 .

x5 FRCEZEXFHRERRFNT
Table 5 Effects of super-chilled condition and storage time on sensory attributes of vacuum-packaged beef cuts during super-chilled
storage up to 20 weeks

fakR SR I iR 2514 Storage condition P1{H Pvalue
Trait Storag; time /weeks A B I I 1) ISR A 1)
Storage condition _Storage time _ Storage conditionxStorage time

0 88.67+0.54% 88.67+0.54%
3 83.53+0.54% 85.22:+0.54%
- 6 82.70+0.54% 84.21+0.54%

H})}r'e_%;fn”” STt P 9 82.97:0.54™  80.62:0.54° 0.001 4 <0.000 1 <0.000 1
12 79.49+0.54 79.74+0.54™
15 78.55+0.54 76.4240.54%
20 73.15+0.54% 67.89+0.54%
5.35+0.96™ 5.35+0.96%
3 10.0120.96% 10.0240.96%
10.01£0.96% 12.33+0.96"*

BRI 9 10.77+0.96" 13.80+0.96% <0.000 1 <0.000 1 <0.000 1
12 13.210.96™ 13.53+0.96%
15 15.36+0.96™ 24.36+0.96™
ARG 20 17.23+0.96 23.300.96™
Post-open 0 91.8140.99™ 91.8140.99™
3 85.63+0.99™ 87.5120.99%
87.47+0.99% 86.030.99

ASRHT R 9 84.98+0.99* 81.10+0.99% <0.000 1 <0.000 1 <0.000 1
12 81.60+0.99™ 82.54+0.99
15 80.8520.99° 73.60£0.99%
20 78.48+0.99%™ 68.84+0.99%
92.71+0.58™ 92.7120.58%
3 86.68+0.58 87.33+0.58"
86.76+0.58" 84.86+0.58

AR E TS 9 84.54+0.58 81.9120.58% <0.000 1 <0.000 1 <0.000 1
12 78.54+0.58% 80.1120.58
15 78.810.58% 76.8440.58"
R fg 20 74.2040.58% 68.330.58%
Post-oxygenated 0 92 88=1.03™ 92.88=1.03™
3 86.54+1.03% 86.25+1.03%
6 87.12+1.03% 83.91+1.03%

KT 9 81.95+1.03% 80.9141.03% 0.050 4 <0.000 1 0.006 8
12 76.65+1.03% 79.1241.03%
15 75.81+1.03% 75.82+1.03%

20 71.16+1.03%

65.59+1.03%
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Effects of super-chilled conditions on quality and shelf life of beef cuts
during long term storage

Chen Xue!, Luo Xin'?, Liang Rongrong®, Yang Xiaoyin!, Dong Pengcheng’, Zhu Lixian?,
Mao Yanwei', Han Mingshan®, Hao Jiangang®, Zhang Yimin'*
(1. Lab of Beef Processing and Quality Control, College of Food Science and Engineering, Shandong Agricultural University, Tai’an 271018,
China;
3. National Beef Cattle Industrial Technology System, Tongliao Station, Tongliao 028100, China;
Technology System, Wulagai Station, East Ujimqin 026321, China)

2. Jiangsu Synergetic Innovation Center of Meat Production and Processing Quality and Safety Control, Nanjing 210000, China;
4. National Beef Cattle Industrial

Abstract: Fresh beef is perishable product, which is an ideal substrate for the growth of spoilage microorganisms. Thus, it is
essential to apply adequate preservation technologies to retard the bacterial spoilage and maintain beef quality and safety.
Super-chilled storage with an intense microbial growth delay, less protein denaturation and structural damage, was considered
as an advantageous technology for meat products. Currently, this technology has been successfully applied in the preservation
of beef, extending the shelf life up to 20 to 30 weeks. Excellent temperature control is critical to enable a long shelf life; Subtle
differences in super-chilled temperature might exert a significant effect on shelf life of meat products. The application of
super-chilled storage in domestic meat industry is scarce, due to the restriction of technology and equipment in China.
Temperature fluctuation is the major issue in domestic commercial super-chilled condition, which may affect the meat
products quality during storage. However, little information is available looking at the effects of commercial super-chilled
condition on beef quality during long term storage. Therefore, this study aimed to explore the effects of commercial
super-chilled condition (-4-4 °C) on beef quality during long term storage, with the comparison of the ideal super-chilled
condition under lab control (-2-0 ‘C). Physicochemical, microbial counts and sensory attributes of vacuum-packaged beef cuts
stored under two conditions were analyzed during 20 weeks. The results showed that the L*, a* and b* values increased
gradually over the entire storage time for both ideal and commercial super-chilled samples. Moreover, thiobarbituric acid
reactive substances (TBARS) values of both samples exhibited slight changes over time, and were in the range of
0.19-0.35 mg/kg. Noteworthy, the different growth rates for total viable counts (TVC) and lactic acid bacteria (LAB) counts
were found in different storage treatments. The TVC counts of the samples stored at commercial super-chilled condition grew
more rapidly as compared to that in samples under ideal super-chilled condition, reaching 7.09 lg CFU/cm? after 9 weeks.
Whereas, the samples under ideal super-chilled condition were below the spoilage thresholds (7 Ig CFU/cm?) during the entire
storage period. For sensory evaluation, samples under ideal super-chilled condition showed better sensory attributes than those
in commercial super-chilled condition at the 20th weeks of storage. One noticeable point in the present study was that samples
from both storage treatments maintained high consumer acceptance (scores higher than 60) after 20 weeks storage, and
exhibited longer shelf-life in term of sensory attributes. In addition, the TVB-N values of samples under commercial
super-chilled condition exceeded the threshold (<15 mg/100 g) at 9 weeks, reaching 15.59 mg/100 g. Compared to
commercial super-chilled condition, ideal super-chilled condition exerted a better preservative effect for beef cuts, the TVB-N
values reached 16.66 mg/100 g at 12 weeks. The present results here indicated that the acceptable shelf life of super-chilled
beef cuts under ideal super-chilled and commercial super-chilled conditions were less than 12 weeks and 9 weeks, respectively,
according to the Chinese National Food Safety Standard GB 2707 —2016. Differences in temperature fluctuations during
super-chilled storage and large temperature fluctuations during transportation had significant influences on beef quality and
shelf life.

Keywords: meat; storage; quality control; shelf-life



