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Abstract: In order to investigate the effect of storage temperature on the quality of minced beef with different fat content and their water
migration, 0%, 10%, 20% butter were added to the minced beef and then packed in trays. The samples were stored at 2 ‘C and -1.5 C,
respectively. The microbial, physical and chemical properties were detected on the 0, 3™, 6™, 9™ and 12" day of storage. The total number of
colonies and the number of psychrophilic bacteria of the 20% tallow group were more than 6.00 log(cfu/g) on the 6™ day of storage, which was
the highest value among the treatment groups. On the 12™ day of storage, the TVB-N value was lower than 25 mg/100 g (the maximum value
stipulated by national standards of). Meanwhile, the TVB-N value in the refrigerated group ranged from 25.34 to 25.81 mg/100 g, exceeding the
limit of national standards. The addition amount of fat had a significant effect on the value of TBARS. The order of TBARS value was as follow:
20% butter >10% butter >no butter. LF-NMR was used to evaluate water migration. It was found that the content of T, in ice temperature
storage group changed little, while that of T,; increased. The non-flowable water content (P,,) decreased and the free water content (P
increases first and then decreases. Temperature had a significant effect on water migration. The results showed that storage temperature affected

the physical properties of minced beef and their water migration. Ice temperature storage can inhibit microbial growth and this technology can
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improve the physical and chemical stability of the product. Meanwhile, the addition amount of fat had no significant effect on microbial
properties and water migration of minced beef. However, it can increase the level of lipid oxidation. As a result, the lightness (L*) and

yellowness (b*) increased, while redness (a*) decreased. This study can provide theoretical guidance and scientific basis for the formula of

minced beef and their storage.
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VKRB DR A A 2 48 VA SR R 8 S TR 2R
SAUREEROR, BRR A E T 0 CRL T, VKA
DAL Pt P YO B Y s, A AR PRV PR R AE A (IR
JZ, EREMERFIEH RS, A RO
E, NITTA BN K i 1) fat A it il B
X PR PRI A T UK 8, e AR KR FEE b i T
WK I IR R 4P,

FREFRFE WREESE, 2 FrEFRMERS
AR R i, RS2 e B R FIRUHER
— AT BT AT ITA AT A S 52 . A
Dl SRR 2 e B A WD R R, R R R
JITAMS T DASR i i R AU B4 58 it R G T MR 22
T, T EAERS PR RRAR . (HR AR & B RS an
ARG R PR et S AT P, LRI IR

ik 3% #% W 3£ & (low-field nuclear magnetic
resonance, LF-NMR) et A il PRI it &5 1A% ARG
S (TR R RAF A i K A AR S, B
D5E RS E 7K KA KIS Z A1
RIFARPERT, BA PR, e, AR
O, HAZREAIRAS . TR SR/ RR ] 5555
s SRR O A S E R LENMR BoRBER T 204
JEs . IR 28 REESEIE A HK A B E
STzt (HiR A WA LE-NMR $AHT
FoE P BELEI UL AR K S I R AR A R 4E o

AR 27 74 7 [ SR A= DI BT s i b
I, DB AR ABE N SRR, AN IIAR [ EA3 ) 4 R »
FERLELEE 5 7 AT VKR 8k (-1.5 °C) AR i

(2 °C), TRIWHEN B R AN R R & &4
JEE iSRRI, A DR RS bl S 587 g
LIS SRR AR .

1 MR5ERE

L1 AR5 A

AL, T R T T (8 72
h 5. BAFRERRBR. 5HE, Sl (ZRPLRR
3mm fL12), &H.

RN, T REELER R TS, U, &R

FEIRFA): =& L8R (Trichloroacetic acid, TCA)-

THRBZENFR (Butyl hydroxyl anisd, BHA). 2-fii
REZE. TR, $hIR. A8 EAH. SIbEE.
BERE AN, SULEA. HEULN. BRIREA . AR
Wy, JoK R, BERAE, DL BRI Hrat.

12 (L& 5#%

HH-S8 HHVEIR A, LMK YA R
AFE]; 3K1S BUESEAREOHL, 8E Sigma A
LAHNAI I e E T, RgESE A ER A TR A A 5
HY-2 3 £ FR G %, & N E R g A R AR CP114
RIOHTRSF, BZeipas (i) HIRAF; PHB-4
RUEHE KRR AL 1T, LIRSS R A R A A
CR-400 U0 254%, H A Minolta A 7]; & BB
WAL, i B SR Uk iE A R A 7] BC/BD500
Bib OB R TBA R I 40, AR 22 T 7 1B F R PR A FD
DHG-9243BS-1Hiff s R T1AH, g v a7 28 kit
EHRAT]; PQ-001 BURIMAIZIILIRUZAL, Hifgdl
EHFRHARAF .

1.3 RKEgit

Y- RIBERENL > 3 4, o —2 R AT AR
RERT, S3AMFIZE 2 BRI E 10%F0 20% VIR ¥ g
Wi, WFESE, BEREERIEA L, FEER

(100+5) g, BRZH 30 4%, 390 8. FauFelrnyd-m
BEIN (-1.5£0.1) CHITKIRZEERT (2£1) CHIAE
Iy AT . ZEN 0dy 3ds 6ds 9d. 12d B
FEREHMTRA D Rb R R b e s CRAS R, JE&
&=, K4y pH. 7. TBARS fH. TVB-N. /K7o&
) MIE . AUInAERERT . I 10%4-A815 . AN
20%2 g i AR BEFE S AE VIR I I 264 T 27~ N BO-
B10. B20; A s&f+ F LOv L10v L20.

14 RIEF*E
1.4.1  RE IR E 25 1 AT I a9
N

HEASESE GB 5009.5-2016 #EYLKER
% MRS ESIR GB 5009.6-2016 & KAl 7K

P EZIR GB 5009.3-2016 £ /K 23 (i & BT
g, IKAMIE S8 GB 5009.4-2016 £ 5 443 1

153



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

g

JE o
142 BEZHAME

¥ GB 4789. 2-2016 FiE FIJ7EHAT AR THE
143 HABIHAGME

[F] 1.4.2 HEEHESBINE Tk, H57sk: 7 C
/10 d.
144 pH &0z

Z GB 5009.237-2016 17772, ¥4 PRIBEERRFR
HY 10.00 g I 90 mL Z&M/KH, HEBIY1 Lt
Bl CA#Y, 11000 r/min) H4FE AL, F#E 10 min J5
BEATIEDE, B ETEBHEREE VAT pH BIMIE .
145 &ZenE

WA NEEETE Ty, RS, $°F, AR
ERM RIS, ] D65, 10° bR, Ky
MRES B T O (1em) , fHRFIX E4HE
e SEFIFAES B R IE, REHHMTINE,
FHAdsg L*, a*, b*E, 1EARTIRE IR 205
(ERIG YR
1.4.6 TBARS 1&&9M]E

TBARS 1E 9 5E 2% Liza John!" (#1535
1.4.7 A ML T(TVB-N)#g R 2

TVB-N # GB 5009.228-2016 i i Fikitk
AT E

1.48 CPMG Wk /75— B 72— B 72 Se 4 B 1a]
(T,) #9MZ

TEARAZ SRR (EIRALE PR A IR
Al et Analyst SoftwareVer3.3) _Fit(T. RGN E
S8 AR 22 MHz;  BERIREE 32 °C 2RI
] -{{=200 ms; [A1J% N4 EchoCount=500, il 4% 5
Je PRAT I B U S I N IR AR T ORGSR ARt P B 1)
SIEMEBAE Ver 4.09) HRE T, /M AifHod, i
Excel $di 5 H IR TIH— 1Ak 2.

1.5 HAE&HiT5 o4

RIGIIEL 3K, HRAFIIEATHERZERR
ISR F Statistix 8.1 B4 (St Paul, MN)
HER MRS (Linear Model’s) FERPHEAT 7 04, K
H Tukey HSD #&/7#47 27 B EM2H (p<0.05),
KH SPSS Statistics 17.0 #AFFAT AL, KA
SigmaPlot 10.0 £ AR

2 HZR50h

2.1 FARE IR A

AR o = AN R A IR T D ) 2 A BE AR
F BIRRG . Kohs IR & B RIE SRR 1 P,

® 1 = ABREARETRAR (%)

Table 1 Nutrients of three different minced beef

FREWHRAE Y HAEAEE/Y%  HEHEEE/% Ko22/% B2 /Y%
0% 18.13+0.17% 6.81+1.194 74.04+0.44" 1.02+0.114
10% 14.2620.64%" 15.62+2.238 69.07+1.538 1.05£0.05"
20% 11.05+0.87° 24.94+1.93¢ 63.27+0.89¢ 0.74+0.12°
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Fig.1 Total number of colonies in minced beef for different days
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Table 2 pH in minced beef for different days

e AT A /d 0 3 6 9 12
LO 5.47+0.02 5.41£0.03 5.58+0.03%¢ 6.44+0.034° 6.93£0.02
L10 5.45+0.02"° 5.40£0.04"° 5.41+0.06™° 6.23+0.025 6.19+0.05
120 5.45+0.014° 5.28+0.12B¢ 5.46+0.03"B¢ 5.88+0.00° 6.62+0.04%
BO 5.4740.024%  53420.014% 5.40+0.065 5.53+0.05D% 5.63+0.12
B10 5.45+0,024 5.42+0.02"° 5.49:£0,06"P® 5.51+0.03 5.49+0.03PF
B20 5.45+0,014% 5.24+0.02% 5.49+0.06" 5 5.50+0.03" 5.400.05%
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3 TEREMREFARBIERaEZNTL
Table 3 Color differences in minced beef for different days

EELH TERETE L0 L10 L20 B0 BI10 B20

0 38.94+0.55%  39.22+1.14%  43.80+1.56"  38.94£0.55°  39.22+1.14%  43.80+1.56*

3 38.44+0.09°  40.11+2.28%  43.51x0.32*%  39.23£0.92%  40.61+0.47°  43.93+0.35%

L* 6 38.65+0.08%  42.67+1.45%  43.86+1.45% 39.17x0.83%  40.91x0.87° 43.97+1.58*
9 39.31+0.53%  43.07+0.04*  44.08+1.07*  39.82+0.63% 42.9120.96*® 4577+2.12%

12 40.47+0.86°  43.47£045"  45.13:0.83%  42.00£0.53" 42.82+0.85"  44.14+1.60*

0 738+027%  6.76+0.08"%  6.26+0.53°%  7.38£027%  6.76x0.08*%  6.26+0.53"

6.224030%  6.26+0.50*  5.50£020"  6.54x0.33" 621050  5.79+0.34"

a* 6 525£0.48%  5.15£057" 475023  5.80+0.38"  5.72+0.58*  531£0.97"
9 33240.56% 3273092 2.06+0.19*  4.85£0.05%  432+027*%  3.45+0.67"

12 1.89£0.77%  2.17x0.11*  1.89+0.74*  245:033%  2.07+031*  1.94+035"

0 5.924048%  7.81+0.14%  8.66+043* 592048 = 7.81+0.14*  8.66+0.43"

3 6.2240.56°  6.92+0.43%®  824+0.76*  7.86+0.34®  7.95+031®  8.87+0.10"

b* 6 8.69+0.22%  9.76+0.55*  10.19£0.61*  7.52+0.13®  7.75+028°  8.62+043"
9 10.70£0.11* 1142040  11.00£0.30*  9.26£0.51*  10.25+0.74*  10.84+1.32*

12 11.49£0.64°  13.65£0.56°  16.14£0.69*  10.06£0.76"  10.45+0.13*  10.98+1.34*

E: KRB FERE AT R — A E 694 5 £ 5 2 3 (p<0.05).
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M genizy, BURE IS T, Fof e E A
PRPU, e, RN A B, TBARS i _ETHH
R, 120 F1 B20 21 TBARS 15 M5 0 d B 0.09
mg MDA/kg _EF+ % 12 d 1 0.65 mg MDA/kg 1 0.60
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W], 24 TBARS {H KT 0.5 mg MAD/kg i, 2[4
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I 7 ARk, T RS R B AR
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HEAL

TVB-N B Js Bt A 2 1 5 A Pl sk 26 P ) 47
N A E R A AL AR, IR 4
AL, AR R R, 6 ZHARPIBER TVB-N {H
BIR EAES . HEERAS A RE DI 2 W EE TVB-N
B4 7.00 mg/100 g. W75EkEE 3 d, #4b34] TVB-N fH
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% 12d, VKiZH TVB-N 4351024 21.98 mg/100 g (BO)-
23.57 mg/100 g (B10)F1 23.94 mg/100 g (B20), & T
25 mg/100 g. MAKALIAH] 25.34 mg/100 g (LO). 25.81
mg/100 g (L10)A125.71 mg/100 g (L20), C4=#iEt
25 mg/100 g AFEEN&ERmILE, FAEES
20%>10%>0%, {H& %4 7% 7 HARE(p>0.05).
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Fig.4 Total TVB-N value in minced beef for different days
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Table 4 Temporal evolution of T, during controlled freezing point storage beef

B 1A)/d 50 B0
T,1/ms To/ms Tos/ms T,1/ms Toy/ms Tos/ms
0 0.90+£0.35° 4329+0.00°  163.37+16.10° 3.35£0.98% 43.65+0.00° 151.99+0.00°
3 2.16£0.21° 4329+0.00°  200.92+0.00° 4.69+0.92° 43.29+0.00° 174.75+0.00°
6 2.01+0.00° 37.65+0.00*  151.99+0.00™ 3.51+0.00° 37.65+0.00° 151.99+0.00°
9 2.01+0.00° 37.65£0.00°  151.99+0.00™ 2.16£0.21° 37.65+0.00° 151.99+0.00°
12 3.05+0.00" 37.65+0.00° 132.19+0.00° 3.05+0.00® 37.65+0.00 132.19+0.00°
) B20 L0
1R/ T,,/ms T,y/ms T,3/ms T,;/ms T,y/ms T,3/ms
0 2.03+0.40° 40.47+3.99* 151.99+0.00° 0.90+£0.35° 4329+0.00°  163.37+16.10°
3 2.89+1.62° 37.65£0.00"  174.75+0.00° 2.33+0.46° 43.29+0.00°  200.92+0.00°
6 3.510.00° 37.75+0.00° 132.19+0.00° 3.51+0.00° 37.65+0.00° 151.99+0.00%
9 2.03£0.40° 37.65£0.00°  151.99+0.00° 2.3120.00° 40.47+3.99° 132.19:+£0.00°
12 4.64+0.00" 37.65£0.00°  151.99+0.00° 1.52+0.00° 49.77+0.00° 305.39+0.00°
] L10 L20
wiR/d T,1/ms Ty/ms To3/ms T,1/ms Toy/ms Tos/ms
0 3.35+0.98° 37.65+0.00° 151.99+0.00° 2.03+0.40° 40.47+3.99% 151.99+0.00°
3 2.68+0.53° 37.65+0.00° 151.99+0.00° 3.28+0.32° 37.65+0.00° 151.99+0.00°
6 3.05+0.00° 37.65+0.00° 151.99+0.00° 3.05+0.00 37.65+0.00° 151.99+0.00°
9 2.20+0.64° 40.47+3.99°  142.09+14.00° 4.59+2.18° 40.47+3.99®  142.09+14.00°
12 6.14+0.00" 49.77+0.00°  200.92+0.00° 5.34+0.00° 49.77+0.00° 200.92+0.00°

A KB FE AR R TIE LER£ B (p<0.05). FAF.

R FPRZS K A3 B8 B LA Py (557K,
Py CARGRBNAK) Al Py (HHIK) Fim. R 5 N6

LR BEASFPIR K S A S I . FHER 5 mT A1,
INHFERIIEE G K Py BIEETE 0.01%~0.04% 2 [A]3
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&, TRFZERE>0.05). VKR Py & B I I
MK 2 R RS, TRER — A skt
NEEHAK, XWAFEIH Py & EF AR ¥
T AT AL R K IR — 3, BRI S Py

B KL 6 L7 IBE Py S EEAE AT HA(0~3 d)
23 FFH(p<0.05), 3d )5 Py 3 FF#(p<0.05). it
BITEC AT, P& A S sk A E HAK, H
H/KEEF e, R E BRI BRI R4

RS T, XREN Py WL R S5 Py T g2z, I E K S EHRD .
%5 TR & E4RBEIRIZ 2+ P.AYEEL
Table 5 Changes of different states of water contentP, from beef

W B0 B10
P21 P22 P23 P21 P22 P23
0 0.03+0.01° 0.86+0.07" 0.11£0.06 0.03+0.00" 0.83+0.04" 0.15+0.02°
3 0.020.00" 0.74+0.03° 0.23+0.05° 0.02+0.01* 0.74+0.00° 0.20+0.01*
6 0.01+0.00* 0.72+0.00° 0.23+0.00° 0.01+0.00* 0.74+0.00° 0.23+0.00°
9 0.02+0.01* 0.700.00° 0.23+0.02° 0.03+0.00 0.790.00% 0.17+0.02°
12 0.0240.00°* 0.70+0.00° 0.18+0.00% 0.02+0.00° 0.78+0.00™ 0.17+0.00°
) B20 L0
RRE Py Py Py Py Py Py
0 0.030.00" 0.83+0.05" 0.11+0.05° 0.03+0.01* 0.86+0.07 0.11+0.06°
3 0.03+0.01* 0.74+0.00° 0.26+0.01° 0.03+0.00 0.68+0.03° 0.28+0.00°
6 0.040.00° 0.74+0.00° 0.27+0.00" 0.02::0.00" 0.64:£0.00° 0.27+0.00*
9 0.03+0.00° 0.68+0.00° 0.29+0.03 0.02:£0.00° 0.61::0.08° 0.16+0.09%
12 0.03+0.00° 0.74+0.00° 0.21+0.00° 0.02+0.00° 0.84+0.00° 0.14+0.00°
) L10 L20
H P, P, P P, P Py
0 0.03+0.00° 0.73+0.04 0.22:+0.02 0.030.00" 0.830.05® 0.11+0.05°
3 0.03+0.00* 0.74+0.02" 0.23+0.02 0.04£0.01* 0.69+0.04° 0.27+0.03"
6 0.03+0.00" 0.66+0.00° 0.29+0.00* 0.03+0.00" 0.78+0.00™ 0.19:£0.00°
9 0.030.00° 0.80:£0.06™ 0.16+0.06° 0.02+0.01° 0.77+0.00% 0.19:£0.04°
12 0.0240.00* 0.90-£0.00° 0.07+0.00¢ 0.03+0.00° 0.93+0.00° 0.03+0.00¢
3 i T Yo PR 5 PO it B S e e 1 R

ZHTNE, AWK RON-2.2 C, R HIEAE

R VPRI R I BB R R e —, R T

R BA WS EZ R ZR . A5 e 7 & 2
In S 24 O R S BE (L) B R B B (b%) 1B 3
(p<0.05), TMIZLEE (a*)fE B f(p<0.05), 4= RIPF Iy 45
TRERLZETREAC. AR R KB E 2R,
S T LA A (myoglobin, Mb)EAE AL
(oxymyoglobin, MbO,) F Ak i& & T m kL4 & A
(metmyoglobin, MMb)JFR R . Wi 2 s ) 5
= KR EIERES T-7E 8 Mb A1 MbO, S AL 2 1255
WA A % MM, Mariana 25£2SWF 7 E S g B AL
AR E EHEE AT LS LA B P A £ 26 ) EH 2 S
R, hnigsE B =R R, FEUARILLE (%) (i
NP, Thanonkaew! B 7t & BRI AU Ak £ 72 B (L *)
EINHFFECR AR KEE K. XA 45 R A
[
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-1.5 C oK H (VKR 2 IR B e sz i fE£0.1 °C),
BOE W RE G T B UK T 51 R UL 4 4 B AN ] i AR
P, RIS SCARIUE A RIBE R AT R g6k T LA R4 L P
o MRERIEX AR R, REERE R R
), 15 CLLNRAEKBEMRONGNE, AU )2
TR, HIEERE2 CR, AR auidn
12, SR LTV N\ S0 PIE VKR AT A IR T (1
TR R, fERKN, VKRR IS 2 T B
SHHH], BRI LA TR B AT K PO A
HFFE T ORISR 6 P SO AR A ) 52, 1945 AR
F4518. BVEEECN 6 log(cfw/g)#l A2 i P
AIEESZ B . X — R, 4 P BE AR )
I 6 log(cfu/g)if, HBNE 7L . Al
RIOKUR IR ZE 2 A BE PR v BUUR 2 /N T4 8 . 1
iR 6 d i 120 H IV S BUAF] 6.03 log(cfu/g), 1
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B20 474 4.72 log(cfu/g): W5EE 12 d I, BO 4HHE
A 1#$1(7.80 log(cfu/g)) bl LO 2H(8.83 log(cfu/g)) i ' —
MR, XA BN T KRS A 2 K
DT IR, SRS R T iR B, s K
TRIEES R ELRS5e) RE o

ARSI =3 T AT R 3 A i A & ) 14 o,
ARG T SR 2y AR, RN
INEILE] 20%H AR 2 A o e AE AR
SEACHIZ (R« W) 2 AR IR, L R g
IR R R IR o J8 % %A R
WE TR, Na & 28R A, BB
BB =4 T 2R B B BEAERA 0,
18 TBARS 1 5.3 b T+ Utrear™ W 5 7 AR N & &
(2R e L A2 TBARS (A8 (L, 75 HiAH
FgEe. AR R 9 d i, A HRii
IR 20%(1)4-RIEE TBARS {H(AHRZ 0.65 mg
MDA/kg, VKIEZH 0.60 mg MDA/Kkg)#id T 0.5 mg
MAD/kg, HEILZ 0 d0.09 mg MDA/kg)# i T
5.66~6.22 1%, TMA4RENTAINE Y 10%4 1) TBARS 1H
<0.5mg MDA/kg, ##lki&, TBARS A&+ 0.5 mg
MDA/kg A% &7 AL J65 5L, DRI AE PRI i PR D 1
IR IR SRR G — TSI Z N

4 5

KT AR RBE AR, BFFFT T AN R ekt P 5o
ANFIE & AR R BE A e bR B FRARRI K 7
TER IR o B T R IUKIR(-1.5 “C) -5 A T4
WAIMAK, RELRE AR A B AL 4
JIE s i ) 3 o 2= R i T S S (iR A &
LF-NMR U n] &1, fEREad fEd, A —ik
A GREKFEAL N E K, E HAKEARTRA, i
VKRS TAELE, A ZRa K E KRN B
T gl P S R 5 5 5 X 2 PR BE /K A [P R B K
gE LATA, IR FIARI Sk A R BE A TR A A
SO (EJSERIRIR T, RFER AN TEOKIRIE I8N f e
YIRS LRI FIRE AL, 33— DR 3%
FAR ST T8 S E0 5 PRI b TR R A DS 7
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