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Abstract: The patterns of changes in the quality and flavor of fresh mutton over time under different storage conditions (room
temperature: 25~30 ‘C ; refrigerated storage temperature: 4~8 “C ; and near-ice temperature: O~1+1 °C ) were clarified by monitoring
the quality indicators and volatile compounds of fresh mutton using traditional physicochemical analysis and gas chromatography—
ion mobility migration (GC-IMS). The results showed that when fresh mutton was stored at room temperature for 22 h, the total
volatile base nitrogen (TVB-N) and total bacterial count reached 15.28 mg/100 g and 6.38 1g CFU/g, respectively, both exceeding
the standard thresholds. Meanwhile, six characteristic volatile compounds appeared, including 6-methyl-5-hepten-2-ol,
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1,4-dioxane, isoamyl alcohol, ethyl acetate, ethanol, and N-nitrosodimethylamine. When fresh mutton was stored at refrigerated

storage temperature for 6 d, the TVB-N and total bacterial count were 15.16 mg/100 g and 6.15 1g CFU/g, respectively, and

seven characteristic compounds appeared, including tert-amyl ethyl ether, methyl 2-butenoate, methanethiol, 1,4-dioxane,

2-heptanone, 1-heptanol, and octanal. When fresh mutton was stored at near-ice temperature for 19 d, the TVB-N and total

bacterial count reached 15.67 mg/100 g and 6.36 lg CFU/g, respectively, and six characteristic volatile compounds emerged,

including 3-octanone, octanal, 1-heptanol, heptanal, butanal, and hexanal. The shelf lives of fresh mutton stored at room

temperature, refrigerated storage temperature, and near-ice temperature were 22 h, 6 d, and 19 d, respectively. The finding can

serve as a theoretical basis and data support for the circulation, sales, and safe consumption of fresh mutton.
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Fig.1 Effects of normal temperature storage (25~30 ‘C ) on volatile base nitrogen, pH, juice loss, and total colony count of mutton
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Table 1 The effect of normal temperature storage (25~30 ‘C ) on the color difference and shear force of mutton

A 5B 9] /h L* i a*fi b* i F /N
0 43.08 £0.21™ 13.60 +0.18" 9.84 £0.36 17.26 £0.11°
4 42.80 £ 0.33¢ 13.27 £0.49° 11.89 +0.63° 19.06 £0.15"
10 42.71+0.28° 12.56 = 0.30° 12.80 £ 0.30° 20.48 £0.21"
12 43.13£0.55" 12.78 £0.19° 12.80 £ 0.30° 21.14 £ 0.26"
14 43.03 £0.92¢ 12.45+0.33¢ 12.96 +0.27¢ 2437 £0.24"
18 43.26 £0.82° 12.42 £0.44% 13.01 £0.84° 24.84+0.51™®
20 43.05 £ 0.98° 12.38£0.17° 12.83 £ 0.67° 25.02 £ 0.45"
21 4276 £ 0.74% 12.17 £0.27¢ 13.49£0.51° 26.53 £ 0.40°
22 43.02 £ 0.45° 12.18 £0.10¢ 14.03 £0.58" 27.80 £ 0.25¢
24 42.30 £0.70° 12.23 £0.29" 14.50 +0.24° 27.69b + 0.20°
26 41.45+0.57 12.24 £0.18" 14.87 £0.62° 30.12 £ 0.30°
28 40.74 £ 0.90¢ 12.19 £ 0.22¢ 15.85£0.37° 3228 +0.15°
29 40.54 = 0.89° 12.17 £ 0.29* 15.94 £ 0.39° 35.46 £0.18"°
E: AR FHEATEREE (P<0.05, TR ).
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Fig.2 Two dimensional GC-IMS spectra of characteristic flavor compounds in fresh lamb stored at room temperature (25~30 C )

2.1.3 FIBAER (25~30 C) &M TFEERGH
A Rk 4 i W] = 45 GC-IMS B - Fn 48 & [ 12

H LAV 7381 8 4F 7 (1] Reporter Jai 442 7 il 7E (1]
i = PR A [) i R B 1) 1) 4 P LT 2.0 AT ELHE L
AN () i S 1) 5T P 6 = R AR P o 22 S ol Bl
O RE B[RRI A2 ], A8 A IR C4-C9 1E 94 br
ZE T EERMA AR E R, @i GC-IMS
HEAT UCHC AT 45 R W i AT 2 1. KA GC-IMS
52 AR B 2 A I AS [7] fit 7830 =F PIAE o+ B XUBR A 2

il 3 pos, BATACRANFE U — e i, B
HIARER — PR KRBT BRI R L&
Y& . Bithiss, RN, BT mRhE 4
PRALE W ik R R k. AR R AE TR 4
P Al AR

R R 5 PR it P R Y 38 ANRFAE X
WRYIR (R 2). HRBESRYIR 3 Bl MRV 4 F.
WESRMI 7 R BESSA 2 7, MR AT 1 FPLERISAT 1A,
Beke oA 1 ffe ZLAER I, BT IR - T PR

207




MR @i

Modern Food Science and Technology

2025, Vol.41, No.3

2- TR 2- i 3 T B -2 -3- B 1- IE OO (B
WO 1-THEE, IEERE. IEFERE. 2- Pl 2- 2%
BRIR . BREE. 1-REE. IECBE (AR, SHE
W=HEE b, (EEEE AR 21 29 h WAL
AR Horp ik £ B A R A& A LAk,
A T 2E PR AR A& R 5 1- IR EEAT 1- 0 -3- i
S AR A VY I IR 22 5 i S8 AL A O iy, B A
AR, XT3 P KUK ) T R R A . B A i
EAEK 2 21 h B, SREAEF . (2)-3-4F A
K5 T PR A0 JOR 1) B O A R/ BT O, T LR
T R R R 1) S R, X S PR XU R 3 AR A
IR, O ™= A 0 | AR 4 ot 2 3k TR A AR DY
WETR, OS2 013G 02 DR 9 B 3 R 7R il o 72

[

- -

R .
et L L S L ]~ B

SEAAAREE 48 % « » SETNWEEWEWE W v > e
T

Y] 1 LTI Y I
B — S ————— et

0000 0dduwodevwevoeow
' T T EEE T T TRN I T T EE L

- e
S % & & & " & = = -

L S A S A N RN R N B
- »
Dbpobopoo.;;-.<

CrprsSysEieiEssglayess
SRS SSEnSE588S5888 8|58 5%2%
e g (5] =1 < | ©
28 S5S3:/223883858583828[58|v5F3
23%5"83—£|ZQ%:£%¢'G \‘1)Ks;::||«s
£ & 2 5 = 1= G (=1 RIS =
S~ ES ST s S5°9° 35| 2aTE
= D = = g o —
|s°—°|?'§\' s aga > 5}:’|= g

g o) & Z

< > 1| g
= en | =l
g E BN
g El N[
. 20 | g
= 2 N |
= ©

- rrrr-rr
O O O O O O O O B

"hexanal
"hexanal

LA AR T Y. R, SRR A R E
22 h i}, 6-FFE-5-Pif-2-f. 1,4- “EH K. F
K. LR, CBE. N-TAH3E — B Z 6 Fh X
BRI I CEEAE D, ELYARE Bl it R 1] ) SE K
MR, X 6 R4 i B 5 B AL 38 b kS By 15
HH P A3 2 PR S WO ) — B, TR S S R ) PR AR AT
DR i 2 A RSO S IR bR i 7EAifBLZE 26 h I,
LR CWES 2-TH CHfR, R4, TERMT

A
B2 3 MR N R L, 28 h Iy, TR 2-
FEOEWE . 1- T EE, 2- PR 4 PR L. X R] fE
55 PR 2 A fi gt A b A I A AR A R,
TRMFNIE . BREBRMBKL &R ESE— R 51
FIvE

“Jmutton/12 h-3
§ mutton/18 h-1
I mutton/18 h-2

§jmutton/18 h-3
 mutton/20 h-1
§ mutton/20 h-2
§ mutton/20 h-3
g mutton/21 h-1
I mutton/21 h-2
§ mutton/21 h-3
g mutton/22 h-1
§ mutton/22 h-2
§ mutton/22 h-3
§ mutton/24 h-1
§ mutton/24 h-2
g mutton/24 h-3
§ mutton/26 h-1
§ mutton/26 h-2
g mutton/26 h-3

» -
| ] .
L o
" | mutton/28 h-1
r o.. § mutton/28
Y . uo § mutton/28 h-2
AL N g mutton/28 h-3
A1 B . § mutton/29 h-1
A1 K i § mutton/29 h-2
(1" K ‘ § mutton/29 h-3
ofo o=l o= =T n s
= o) Q| I
HEERE EEEREEE
=) <SH 8 N & - =]
Elg ¢ ¢ &8 NEsls 8533873
B R R R - R-EE-
IS5 525028 25 alc S £ 079 S
Bl BN N e 2 1o a— Qe
= S—=r—c = > I a3
o ks I = > B ERYXs 1M
ESY JBE o2 ~—
S £ 0 = § %.6 olm‘
Z =, 2 s 89
g N n 52 =i
o~ S = 1) <
=] = j=9
I g e
z )
£ o

& 3 EiRf#ERE (25~30 C ) B3 P EHERRRY R EYHE S B IE

Fig.3 Fingerprint of characteristic flavor compounds in mutton stored at room temperature (25~30 'C )
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Table 2 Volatile compounds identified in mutton stored at room temperature (25~30 ‘C )-sample A

’f’g_ R Rt 5% CAS % S FX RGEE AR
1 791.3 1.1623 T butanoic acid C107926  C.H,0, 88.1 BEER, RrA
2 917.5 1.0815 T M B gamma-butyrolactone y- C96480  C,H/O, 86.1
3 508.1 1.114 4 2- A R 2-Propanone C67641 C,H,O 58.1
4 675.8 1.117 8 2- %8R 2-pentanone C107879  C.H,,0 86.1
5 6183 11724 FTE Isobutanol C78831  CH,0 74.1
6 9828 1.16 1-¥ M -3-B% 1-Octen-3-ol (3391864 CH,,0 128.2 B3R
7 8702 13315 1-E 2B 1-Hexanol C111273  C¢H,,0 102.2 %7‘!‘; Hj‘%f )
7 She2)
8  659.1 1.183 7 1- T8 1-butanol C71363 C4H100 74.1
9 11011 1.484 eSS n-Nonanal C124196  C,H,;0 142.2 3% 7044 B Mok
10 10054 1.4078 EFE Octanal C124130  CH,,0 128.2
11 887.7 1.262 6 2- &R 2-heptanone C110430 C,H,,0 114.2
12 6907  1.0647 2- Tk 2-ethylfuran C3208160 C.H,O 96.1
13 896.9 1.337 4 B Heptanal C111717 CH,,0 1142 BRek, KESH
14 7599 1.253 1-RB Pentanol C71410  C4H,,0 88.1
15 870.1 13287 ETE (ZFK) 1-Hexanol C111273  C¢H,,0 102.2
16 8122 14737 SYHARXR=ZAZJM Hexamethylcyclotrisiloxane C541059 C.H,(O,Si;  222.5
17 7897  1.5606 DAGNS Hexanal C66251  C¢H,,0 100.2 & i gk
18 1013.8 1.3081 LB -3- T b s (Z)-3-hexenyl acetate ~ C3681718 C4H,,0,  142.2
19 9916  1.1732 6-F 4-5-&Mi-2-B0  6-methyl-5-hepten-2-one  C110930  C,H,,0 126.2
20 704.1 1329 1 1,4- =85 1,4-dioxane C123911  C,H,0, 88.1
21 7113 1.2337 FRBEE isoamyl alcohol Cl123513 CH,0 88.1
22 606.1 1.0974 ZEATE(=FAR) ethyl acetate Cl141786  C,H;0, 88.1 WA, RITE
23 4919  1.0417 LB Ethanol C64175  C,H,O 46.1
24 746.1 1.0605  N-TAHA =9k N-nitrosodimethylamine C62759  C,HN,O 74.1
25 603.6 1.3359 B TES ethyl acetate C141786  C,H;0, 88.1 WA, KT E
26 5985  1.0645 2-THA 2-Butanone C78933  C,H,0 721
27 5934 12484 2-TH] (=FIK) 2-Butanone C78933  C,H,0 72.1
28 5963  1.2893 i S Butanal C123728  C,HO 72.1
20 789.6 13872  THER (ZFAK) butanoic acid C107926  C,H,0, 88.1 B, Rk
30 7932 11031 2-F poobok 2-Methyl pyrazine C109080  C;HN, 94.1
31 659.6 13812 ETE (ZFK) 1-butanol C71363  CH,0 74.1
32 8885 1.635  2-JBR (=34K) 2-heptanone C110430 C,H,,0 114.2
33 8509 13101 3-Fk-1- KB 3-Methylpentanol (589355  C.H,,0 102.2
34 6599 1.158 B B2 51 7 B Isopropyl acetate C108214 C4H,,0, 102.1
35 769.1 1.152 4 F T Propanoic acid, 2-methyl C79312  C,H;0, 88.1
36 756.9 1.513 KRB (ZRAK) Pentanol C71410  C4H,,0 88.1
37 6785 1.039 # A AR 2-Propanone, 1-hydroxy C116096  C;H(O, 74.1
38 7834 13626 23-T =8 2,3-Butanediol C513859  C,H,,0, 90.1
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Fig.4 Heat map of correlation between volatile compounds and physicochemical indicators during storage

at room temperature (25~30 C )
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Fig.5 The effects of container refrigeration (4~8 ‘C ) on volatile basic nitrogen, pH, juice loss,

and total bacterial count in fresh lamb meat
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22 WRAEAE (4~8°C) phEmtEFAELRM
A pHE. iRk FHELHENZH
WK s fros, RIS (4~8 C) &MTF, fif
FH pHAELESS 0 Ry 6.07, 25T, 4.54d
N 5.65, TRIESG SR, AfEUH N BRI RN, 2R
REH (P>0.05), BhghF 55k gt o 5t
FBL. A% V)3, TVB-N {118 29 10.75 mg/100 g,
55dJ5, TVB-NETtEE N R, 56 RITIAH|
15.16 mg/100 g, i [E 5 b #EH7 # Y TVB-N
T E 15 mg/100 g U, "IN RNOKAEER. fif
“E P TVB-N MH J5 JA POE 58 0 2 B T 47 5 B R
VIR R B TE . KREMN LR A S, X
TR T B R R VAR R A i 0 B o I
V) ) S K T AN W, BT AR U AR AR ik
JUL PRI AL 2 P 3 A B A B A A I T DA K% TP 1
S A S R A S RS, AR P R R K
BE I BRA, AT 3 R TR AR R shi A S
Ja o LS A R B T Y, TR B FE
BYEY R A KBS . RAEA I (4~8 CT) ik
S A6 S R ALERS 2.5 R 1.39% b T 2 6 R
WK 8.56%. 1Efif ik & 4.5 d i, F 2 A1 B 7%
MHOA R 5.28 1g CFU/g, £ @ N . B
JE R K, ETE AR R E LA
(P<<0.05). 5% 6 K, @ik S H0% 6.15 1g CFU/g,
e L 5 TR B VR S BUR FE{E 6.0 1g CFU/g. &5k

VIR RV s B AR AR, BT (4~8 'C) F W
M52 6 d.

23 WAEAR (4~8 C) MHFHWEEFHY
Ty ¥ % el

R 3ATH, ERAEABAMET, BERTN
B 8 ET . 1.5~4.5 d b TR AR RN
e 8 2 29.78+0.29", A E 5 8 KITIAF| Kk
1B 40.30+0.83". X 5K [A]fif 77 J5 A I 57K T %
i, FBOKD KREPURA K. L* a* Fl b* {H 21
RN E PR OCEIR bR . L (EBRR, %
A ) S P sy, L R/, R R (aflies . L*
BHSRFERTEABKNZDHERR, WREBKS
3 PIRERT G 1 I S RE A7 35k, B L* {3 K,
BRI 50, BfE i A e, L* H 20 N
FIFAS, WTRel T ERRMTRBH, S
Jel S, SR EEAE T Y. 2 YRR N OE
¥ 0~45 RN, L*E N T 64%, 45d )5, L*
HEEFE (P<0.05), BEAKESINER
L* {88 46.25. W a* HIEMHROIFEH 2 F S
e, Ui W AE Ak FE b 4T B AEAS TR S, il AT
3.5d N a* fH N, BEfEET P4, 58 R
a*(H %% 9.56, SEAVIMEMLEFEK T 26.5%. B
g S (R (38 0, SRR b 2RISR
B, fEIAT 4.5 dIBWIGE N, fEEE TE RS B
(P>0.05),

% 3 ZIERH (4~8 C) MNFABEMETI NN

Table 3 The effect of container refrigeration (4~8 °C ) on the color difference and shear strength of mutton

ik R AT 1A /d L* {4 a*fh b*fh EEZFNN
0 44.96 * 1.44° 13.02 0.50° 9.45 +1.85° 18.577 +0.24"
1.5 44.67+1.12° 11.78 £0.52° 12.59 +0.54° 27.89 % 0.53¢
25 44.18 +1.28 11.38 £0.41° 13.59 +0.62° 28.01 +0.67"
35 43.54 £1.25° 10.20 £ 0.50° 13.73 £0.58" 29.65 +0.30"
4.5 42.05+1.16° 10.05 +0.43° 14.66 +0.67° 29.78 £0.2°f
5.5 4240 +1.26° 10.01 +0.25° 14.70 £ 0.29° 30.13 £0.22"
6 4323 +1.33¢ 10.03 +0.21° 1477 £0.17° 32.95+0.80°
6.5 43.31+1.29 9.86 +0.19* 14.60 = 0.65° 34.12+0.24°
7 44.28 (.88 10.08 +0.13° 14.70 £ 0.36° 35.26 +0.39°
7.5 4527 £1.20° 9.71 £ 0.16" 14.81 +0.36° 37.69 +0.34°
8 46.25+1.15° 9.56 +0.22° 14.76 £ 0.27° 40.30 +0.83°
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P e AU g £ R
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BRIESE 12 MR — BEAFAE . b 2- PR 1- JR B
1-3F) -3- B 1-CBE. BEE 5 M fE M8 2 96 h
BRI K, HAAAE R AR AR A, 2 ERE
T S S R A TR AR A o o R R 1Y 2- TG
3-EWE. T EE. 2- THA. 2-J%FR (K 5 R
AR 2 132 h I I, JF — BEAFAE T 5 it il
Wi, MFESL B fE 144 hitf, ZIERURIERE. 2- T
IS . PRREE. 1,4- ZE R COkE. 2-FMR. 1-
BREE. SEBE 7 PR I, I HR B Bl A i T ]
ARERT I N, Bei S BUREEEE . 2- T J 1R R
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F SR IO 78 45 T s L OCBRE 2R A S o S B
B, Ol R, EREAER. D EMRgGRY
AT A R, 1 B 3 PR R AR A o I 2 L
AAR KM, 758 2F P I AE A (4~8 C) B,
YR ORI R VAL S R A 7 B, AN
SRR A JEE WO ML T S I CUIE L 2- AR I R 1
X — R IAT g A2 T AR S AR A A B 2 ) 1) 22

S 3 B o

R4 FHEERHE (4-8 C) HEEHMER ML EY-MB

Table 4 Volatile compounds identified in refrigerated lamb containers (4~8 C )-sample B

B RGN s EAS ) /ms b4 24 A% CAS %  #TX fREHK APRATAE
1 613.1 1.169 2 A TE Isobutanol C78831 CH,,0 74.1
2 1100.7 14826  EB (ZF4K) n-Nonanal C124196 CH, O 1422 MR, #IZeK
3 1101.8 1.949 5 ES:S n-Nonanal C124196  CH,O 1422  #4&k. &2k
4 427.9 1.116 5 LB ethanol C64175 CHO  46.1
5 783.4 1.5657 ETE Hexanal C66251 CH,O 1002 FHEeR, @k
6 918.2 1.084 8 y-T A B gamma-Butyrolactone C96480 C,H,0, 86.1
7 757.8 1.514 4 iR EE 1-Pentanol C71410 CH,,0 88.1 A Ak
8 651.3 1.183 5K B 3-methylbutanal C590863  CsH,,0  86.1
9 885.6 1.257 8 2- & B 2-heptanone C110430 C,H,,0 114.2
10 762.2 1.253 7 ( i%f; ) 1-pentanol C71410 CH,0  88.1 WA AR
11 982.6 1.160 9 l(iiéj* 1-Octen-3-ol (3391864  CH,O 1282 B %;ﬁz%jﬁ‘
12 870.1 13287  ETEE (ZRAK) 1-Hexanol C111273 CH,0 1022 KERGFFHA
13 897.9 13373 RE (ZRKR) Heptanal Cl111717 CH,O 1142 Rg ek
14 685.7 1.3577 2- %, B 2-Pentanone C107879 CH,,0 86.1
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g4
F5 RGN /s 1240 /ms bdh 4 AR CAS 5 TR G ATKAFAE

15 986.3 1.7177 3- ¥ 17 3-Octanone C106683  CgH, 0 1282 ﬁﬂ;‘i: f%f‘
_______ FLRA

16 619.2 1.359 2 AT B 2-methylpropanol C78831 C,H,,O 74.1

17 585.8 1.062 4 2- THA 2-Butanone 78933 CHO 721

18 687.3 1.109 5 2- B 2-Pentanone C107879  CH, O  86.1

19 7257 14004 chAukRE ol o fentyl C919948  CHO 1162

20 7574 1.406 9 B 2 8 T B z'gliii;?iecsfe"rid’ 623438  CH0, 100.1

21 -";1"7-0.1 1.044 4 ¥ BB Methanethiol C74931 CH,S 48.1

22 7189 1.33 1,4- Z8<IR 1,4-Dioxan C123911 CH, 881

23 884.8 1.629 6 2- R 2-heptanone C110430 C,H,,0 114.2

24 9747 1.404 7 -3 1-Heptanol C111706  CH,,0 1162

25 1006.7 1.4117 S Octanal C124130  CH,,0 1282  32AL#KREA%

26 791.6 1.256 5 i T Hexanal 66251 CH,0  100.2 FHHek, #Ek

27 988.2 12527 2- i Rk 2-Pentylfuran C3777693  C,H,O0 1382

28 490.8 1.1192 7 R Acetone C67641 CHO 581

29 1005.1 1.825 EFE Octanal C124130 CH,O 1282 3% 20 69 KR Ak

30 ""9;2.2 1.598 4 1- FHr -3- B2 1-Octen-3-ol (3391864  CH,0 1282 & %f;;jﬁ‘

31 ""9;7.6 13079 3-F 3-Octanone C106683  CgH,,0 1282 ﬁ”%}; ;ﬁf"

32 954.5 12578  *R_Er¥ OBt 2-Heptenal C18829555 CH,,0 1122

33 896.6 1.693 5 T B A B propyl bytanoate C105668  C,H,0, 1302

34 865.1 1.6399 I TR 1-Hexanol C111273 CH,O 1022 HAE RE

35 893.9 1.147 1 IR TR Cyclohexanone C108941 C:H,,0 98.1

36 6824 13896 i TER 1-butanol C71363 CH,O 741

37 684 1.427 I R Pentanal C110623  CH,,0  86.1 FUES N

38 685.7 1.1844  EREE (ZRAK) Pentanal C110623 CH, O  86.1 R ok

39 7027 1.126 2 1,4- Z8IR 1,4-dioxane C123911 CHO, 881

214




MREmBE Modern Food Science and Technology 2025, Vol.41, No.3
5910 W [ 099
%%/E‘\ﬁ’ [ .*
RV IVRES EEEN - 0.60
TVBN | IR
pHIH EEENN - 0.21
~~~~~ S e T VI R A . A . T o
0O <8 © O o < [cBNeRNe RN Q [} =} o < < < O - O
SEEE585EC55-55C8588cyc258555585-8%58¢% g -0.17
SEESEgSEEE N EEEEEEE5P28 2588888 EEEE g
BOOT,OEEB«HEqO%ﬁwOwwE%ﬁQw%BOE‘USQ«IQQO =
S22 Ec 2R EEEE B EEN 5202 R<0O5 8 25T S
227 ESRSMs Lo ERL s« 8F 5 50O &5 < -0.56
== ETELTOT defadgEs - & O™ ~
a £ — D o ~ — =Y
- g 5F e -0.95
? - 5 i = -
g 28
< = ©
) M2
=}
=
3
=
A
N

B 8 £1E0H (4~8 C) HER MU S SBUISIRHIEX EHRE

Fig.8 Heat map of correlation between volatile compounds and physicochemical indicators during container refrigeration (4~8 C)
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Fig.9 Effects of near ice temperature storage (0~1 ‘C ) on volatile base nitrogen, pH, juice loss, and total colony count of mutton
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L4- ZEAHRERZFIEMAR, WHELHS HEBUX
Mok 5 R 5 IEAROG, BUY) )5 W B EAE DG,
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FERME TR FL A S WAilE. pH (5 i iE AR 58 1E
R (r>0.6). FERFEREAEDS & 5T TER
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RS IEREE. LIERUREE. BRI LFE. 3-2FEd.
L4- NI, T EE. AERSE 8 AR AE 4% & M4k
SV EAE D EM N FERAEAMEIET, X8
FhRR AR5 K MEAL S0 F 132 h i B, A6 A IR it
i), ®EFENHEEMECH 6.15 Ig CFU/g, TVB-N )%
& 15.16 mg/100 g, HARARE i oz () BRALF6 A5 0 AH
PR A, S 5 R 5 A 5P R GS-MS
FAR ) W7 ¥4 JEURE PRI RN 2 PR ()3 58 5 T L I TR 2
B 1F CEESSREE R PE AR 25, ETA R
(RN —30, X AT RE T AT G A 7 7% K fil
BN R T2
2.6 WK EME (0~1 °C) *t&EFEHITE LMK
HAEA. pHIE. HARRK. FELHW
WK 9 froR, TEIEUKEAEE (0~1 'C) &M F,
A pH BB g A) 1) 2 K 2 58 FRAR R TH a4
H, pH EEMRAT 15 d WIZHFRKE 5.57, 2R
PE. BEE i B A AE K, pH {E 42 5.93, JCHA
BER (P>0.05). TVB-N 7Effi % 7 d i, FH&E
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R MEK, 19 d I TVB-N & &~ 15.67 mg/100 g,
RUYERCEARERT . VTR % 2 B8 4 fif B [a]
FIIE K B E RN (P<<0.05). %3 21 d J5 46 s
B, SEEPIAELG, ORI IR R R AR N
25.06%. FEEIEMTUKIR AR (0~1 C) A2 ik
MAEAW S, AEEE 15 RI B VE S
1k 5.92 g CFU/g, #&IEEMARE. 5 19 R B %
MEEIS 6.36 1g CFU/g 208 i B 5 31 € 18 I Al
bR AE, FAAER SR B2 2% flA P
PERVE RS br, TUKiR MR (0~1 CT) ¥
IR B 2L 8 19 d.
2.7 HWKBEE (0~1 C) EFHEEH
EIR7 bR A

fik I 5] PR B U1) ) AR A R A, BT B AR
. JTUKIERER (0~1 C) H, ERRIETY) AR
5 BT, BEAG R A3 0, fgmRari, -

FhE R, ARk A . 10 d 2 A Y U )
TF%Z 2558 N, 1M 4~8 C AR AR T il 4 8 d
I BT ik B T 40.30 N, 3% 2 PR A0 T At i AR
T NIRRT SIS S, RELE T R AR
ZURBEME, ML PIERRE T B ™,

MF 5 ATLLE H, SEAIR L E 250 N s Tt
a*HE TR, b*EHEFREES (P<0.05), FERfE
i 0~21 d i) L* E AW T B, 22.5 d 5 L* {EHF 46
Tk, %32 d i L* {8 N 45.98, FRHTEEBKS
B A FERE I I, AETR A A L E S AR AR
WA (P>0.05). a* EAEMBIAN 2T FFEs,
fitiik 0 d B 2E R a* fH > 13.38, fi#s 32 d B 2R
(1 a* (%K 743, a* EIEGERYI T BN, J5
gk &2 32 d B B R A k. vk fE R (0~1 °C)
R, CERK O EANIE N, X2 s TRAE
JR A AN 1 5 Tl e 5 T B 1 ) i 2 ) () R
TRAR AR 5 A RS P 8 €0 30 ) B

R 5 EKBAERO~1 CHER I E R & ZENELI B9800

Table 5 The effect of near ice temperature storage at 0~1 ‘C on the color difference and shear force of mutton
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A 7B 18] /d L* {4 a*fh b*{& F /N
0 4522 +1.52° 13.38 £0.92° 9.80 £ 0.26° 17.52 £ 0.48°
2 4525+1.20° 13.90 + 1.06" 14.21 £ 0.45° 18.13 £0.52°

3.5 45.07 +£1.05° 13.67 £ 0.25° 14.54 +0.52° 19.2 £0.83°
7 44.65 £ 1.34° 13.45 £ 0.48" 15.68 £ 0.94° 2044 £1.17"
9 4432 £1.42° 13.35 £ 0.62" 15.75 £ 0.48" 2437 +0.40"
10 4425+ 1.23¢ 13.04 £ 1.13° 16.2+£0.22° 25.58 £ 0.36'
13 44.11 £ 1.47° 12.73 £ 0.44° 15.17 £ 0.50° 28.75 £ 0.23"
15 44.23 £1.06° 12.23 £0.75° 15.5 £ 0.36° 30.05 £ 0.95'
19 43.86 £ 1.52¢ 10.63 £0.32° 16.23 £0.64° 31.97 £0.47
21 43.64 = 1.84° 10.39 £ 0.85° 16.62 £0.18" 32.02 £0.26'

22.5 4422 +1.56° 10.12 £0.18° 16.85 £ 0.84% 34.62+1.2"
23.5 44.25 £ 1.30° 9.6 +0.34° 16.95 £0.32" 36.96 +0.45°

24 45.64 +1.68" 8.9+0.27° 17.38 £0.7" 37.97 £0.65"
25 45.88 +1.25 8.7 £0.34° 17.57 £ 0.95° 39.45 £0.15°
26 46.1 £1.62° 8.36 £ 0.85° 16.79 £ 1.02" 40.32 £0.18°
28 46.65+1.14° 8.08 £0.2° 16.86 £ 0.7 42.58 = 1.36°
30 46.36 +1.02° 7.63+0.47 17.84 £ 0.38" 44.17+1.12°
32 4598 £0.85" 7.43 £0.39° 17.68 £0.23" 45.96 £ 1.32°
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*® 6 FPUEKBIERE (0~1C) PEEHMEL N SY-HAC

Table 6 Volatile compounds identified in mutton near ice temperature storage (0~1 C )-sample C

gy RENRBN bt 2 18 ORI = = S T ST

1 596 1.2477 2-T B 2-Butanone C78933 C,H,O 72.1

2 679.8 L1181 2-%88 (=3&4K) 2-Pentanone C107879  CH,,0 86.1

3 1062.9 1.188 EN AcetopHenone C98862 CH;O 120.2

4 762.1 1.2325 F T 2-methylpropanoic acid C79312 CH0, 88.1

5 478.2 1.046 6 LB Ethanol C64175 C,H,O 46.1

6 811.2 14658 ~THAIK=ZAAFIT  Hexamethylcyclotrisiloxane C541059 CgH,;0,Si; 222.5

7 11029 14813 ENS n-Nonanal C124196 C,H; O 1422 ek, &fER

8 918.1 1.084 2 y-T P B8 gamma-butyrolactone C96480  C,HO, 86.1

9 761.1 1.2525 1,4- =835 1,4-Dioxan C123911  C.H;0, 88.2

10 623.8 1.360 4 T B% Isobutanol C78831  CH,0 74.1

11 786.1 1.252'5 # I AR Hydroxyacetone C79312 C,H;0O, 88.1

12 759.3 1.507 IE R B 1-pentanol C71410  C,H,,0 88.1

13 735.1 1.2539 R B 3-methylbutanol C123513  CH,,0 88.1

14 513 1.1193 7 AR 2-Propanone C67641 C,H,O 58.1

15 730.4 1.479 1 4-F K2 R Methyl isobutyl ketone C108101 CH,0  100.2

16 985 1.157 6 1-3F M -3-B2 1-Octen-3-ol C3391864 CeH,O  128.2

17 889.4 1.263 5 2- Ji B 2-heptanone C110430 C,H,,O0 114.2

18 8744 1.3233 ETE 1-Hexanol Cl11273 CH,, O 1022 KEFFHFA

19 763.1 12525  EAREE (ZRK) 1-pentanol C71410  CH,,0 88.1 A Ak

20 735.2 1.2225 S+ T BR LB ethyl 2-methylpropanoate Cc97621  CH,,0, 88.1

21 870.6 1.64 ETE (ZRK) 1-Hexanol C111273  CH,O0 102.2

22 995.1 1.3329 TER T B Butyl butanoate C109217 CgH,,0, 1442

23 983.3 1.601 2 l(i}jﬁ%% 1-Octen-3-ol C3391864 CeH,O  128.2 é%;i;?jké‘
% 888.7  1.6327  2-J&ER (ZJR4K) 2-hepta-r-10ne clo430 CH.O 142

25 684.4 1.3592 2- /R.ER 2-Pentanone C107879 CsH,,0 86.1

26 IEREE (ZRAR) pentan-1-ol C71410  CH,,0

27 988.4 1.304 2 3-F 1R 3-Octanone C106683  C¢H,,O 128.2 ﬁﬁ]%‘;%gi‘é
28 1006.6  1.4062 IEFEE Octar-l-al C124130 C¢H,,O0 1282 3&AHY 7J<%‘E\%‘V7r’°\

29 978.6 1.400 8 IE BB 1-Heptanol C111706 CH,O  116.2

30 898.5 1.329 1 33 Heptanal C111717  CH,O 1142 RE ik

31 606.8 1.298 6 iETES Butanal C123728  C,H,O 72.1

32 7857 1.5615 DS Hexanal C66251 CH,0 1002 FHek, &2k

33 628.4 1.170 2 S TEB Isobutanol C78831  C,H,,O 74.1
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Fig.12 Heat map of correlation between volatile compounds and physicochemical indicators during

near ice temperature storage (0~1 C )

2.8 FW (0~1°C) JTUKIRE &M 0 FFAEE
KT =R

WiE 10, 11 MK 6 frax, (EGGBUHE, FF i
C H 2T HE X 35 40 Jo A K U i 2% 1 R 8 2 AL )
FER KR, S S R 48 h, 2-TAHH. H
R TR 1-264 -3- BE. 2-BEER. 1-2fF 5
WA R 2 R TE R B R v = A 1 4 R M
B, 3 LA A A R RSP, S 2 R
R B R ER o S FE A 19 d I, 3-3F
il SERE. 1-BREE. PREE. T, ORE 6 FRAIE
FERMEDI O BL. SR T 2 19 d B34 AS
DU AS T BT 6, MOk 6 Bl s nT LVE bR R4
Ji. TEHIRAEBACMET, ORI R NERE K
MIFRIN, 22 5 54 0 A 5. 78 DLl i R
W2k, DI ARRERYIECNE, BRLEYMENR
S A R e A E ISR PR, W Sk
GURI RS ER RS EABONE DI L
AP MIE R MY R AR, R
SRR FE MO, S LA T SR R AR v
CREEA ARk, Pl R A RRERAKRETE,
X 2 PR R S 2 AR R R R Ho,
O 5 A ) AR FE B s A O, AR A
R ARRE 1 — T 40 aTBVEH, 5
FoAh BT IAH L, X L) AR 3 PURE AT R
BB, AHELH IR 25~30 CHIBE A K 4~8 C
SN, HEREDFRASTREFSERIAHE,
Al B8 2 DA A A UK B R 56 A A I TR OR K, KA
WAk T 2 4 B TS M, W iR A A B BEE A F2

B, EANRNDT AR OCHEE, =3 EAKRY
S

2.9 HKIBEE (0~1 C) L4 THFH &
JRAG AR 5 18 K VA B A K M A

TR AR BT KRR (0~1 'C) &R
() = PR R R P 5 5 O AR A 5 LA SR DR
KANE 12 s, B 12 0750, pH{ES TR T
g, 2-BEfd. 2- T Wi 2 5 E AL, HiEais
2- T AR TR Ol 52 W3 A oC, BYY) 5 2- B
A A T R R BB UG BIYI . TR R
M pHES R TR, CBEAIET B 2R IEAHR
(r>0.60), &S5 T B IE T 8 2R IE
IR (r>0.60), B XIHI NHRA A, FHiESE
5o, TVB-NE R T, CBEMIETEELE
TIEAHRG &R I # 77 A 5 1 0 i T LR
THE, CWEAIE T X ITUKE (0~1 C) sk
PR B8 2 Y B R AR B A RS AR O ME . I UKIR
fifig (0~1 °C) 2 FEIEFE PRI st I 6
Bl VOCs H 3-¢ I 5 0 75 a8 Rz 871
71~ pHEE A, 1-BERES 3T 1. WK S5
FA R R B A AR AE — 8 ) SOAH G, BEa X 43
RRWE . BARMS, TR TS 2-540d. 2-TEd.
ST OB CRE. BT, =T 7MERED
JR S5 EA AR bR (R AFTE S35 A DG I o 7 T UK IR it 7K
AT, X7 MR RIS YT 19 d B,
EAH R (O RF R], 66 = PR BR 9% S 450N 6.36 1g CFU/g,
TVB-N [ & & 15.67 mg/100 g, FHAbACZ 55 i #E
AR PR AR B R A AR
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3 g

ARSCHEFE T 2 PR A = i A 65 R i R
it (25~30 C)H. TR (4~8 C). ImUKIEAE
i (0~1 C) =il okt T, A [ il s 34 ) =
WIS AR AL, SR A B - 3 FIE RIS HR,
N =R A TR AN RIS . 4
ORI, AFEMER KT, =F R EAFRRE R fE
T X9 I fi e B T P e K T R A2 AR Ak, HLIS B
BELD S, WEEAEEE 22 h I, RN BT
Fiv TR KRR, pHAE. TVB-N Fl 7% 2 525 45
WRRAET —E Rk, FERHHBELT 1-30 -3- B,
2- SR ST EES 2- TR 2,3-T EE S FRRRIESE
RYEWEY, SRR & B S B Y 2t
B bR 22 2 JE . DO AR 132 h I, B
AR S TR ARt R AR T — i B AR Ak, B AR
For il 2 1E R EE . 2 BUREE . FEREE . 2 3- 3B
1, 4- 58S, TR AEH 8 PR b Rk &
Yy JEUKIEAEEE 19 d i, FERTP R AET B
Ak, HAME TR TE. 2-FE. 2- T, 571
MR Bg. . IETEE. 5T 7 Mg R
FH G 1 T WAL #R ) B 43 A 45 SRk — DR 58 T i 2R
I AE = F A [5] il 2% 1R 1 & 48 bR 5 R IE 4 K AL
BV G R ZEMCE. RmMEEHEL T, ®
& S HORT TVB-N B B\ A A PRt 7 6 2 ) B f
BARbR, FRIEHERMELEYMERSHA — MK
BRME, B R A — o e O IS 28 T 0 s g
R, 24507 E .
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