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2 AE 4 CIVRGIRE T, 7=k B R BRIk 90 d.

A SCHE W P g B a3 S BAA R
B JEE ROR B AR A B IG], 43 2 5 G = b
5 1l (Compound spice, CS) . & W 4= 5 I bR 3L R}
(Fermented beef flavoring, FBF). & & KAKBE
7] (Compound natural preservative, CNP) ., 4<i %
A4 R FH T b A= PRI T 0 SRR B R
AR AL SR AR A ) 2 R AOXUR AR A BF
FEIX 3 PR IR I G U IR X b 24 Pt Jo % g 2R 40
(RS2 | SRy S B AR 7 i it e s

1 R EFE
1.1 w7

A Bl S A RS G 7% 5 <10% ) L 4F i HE (B i
T 20%) , KRB A F AL A &5k B,
AEA I A5 R L T TR R B o A 0 AR I T
I e G BERR AR PUIR R AN, BN Bl M 1
mn IS SR A BR A | 5 52 G A BRIl R R &
FHE R A BRA 72 R B ILIR R R BB
fn A B 75 2% 22, R M A R S TSm0 A BR 2
5 TR T R O O T A BRAS E B
Jo e = o T FLEREEBR B & (Nisin) , [HHEE 5
WA RA A

SE PR SRR - R T
BRI A EE L T 2R AR K T KU
2R A BR A W) B R R, B a P T
Ml el v A )RR R w5 T R i Rk
JER Ak
12 NHB{5EH

CM-5 {424, H A Konica Minolta 2% 7 ;
STARTER3100 pH i1, & [E Ohaus 24 1] ;T6 %8 5h-
IR 51o0/6 s il B 2 TR DRI RN E 2 E) Sy S /N
A];BVBJ-30F HASHFENL, 52 24 S0l A FR 2>
] ; GCMS-QP2010Plus “UAH {43 — 57 385 1 JH AL, H
A B EN ] 565 wm PDMS/DVB #£ Bk | 5% [# Su-
pelco 22 Fl ;32 [E Hamilton & A% 10 mL, X
HETT AR AL 28 A FR 2 7] ; HeraclesIl #8HHES,
AHHL T 5 75 [E Alpha MLO.S A F
1.3 Fik
13,1 RARE AU nsR i e i

1.3.1.1 CSifiles DA BT, 20 5K AR HUR
TH L SFORG T RRAORS T T ARG T 0K 1 ARG T LA
441.0,337.0,17.0,14.0,137.0 pl/kg HEATE I,
1.3.1.2 FBF Wiils %GNS )ik
Fe A HE: 28 1K =104 (BT i L) B T 8 Fe K B
TE 0.1 MPa, 121 CHMA T mERSE 4 h; KR
¥ HJE A5 & 5 B0k 0.06% 1) XU 28 1 il A
0.03% 52 & F AN, & THIRN, 7€ 50 °C,130 v/
min &8 T W% 4.5 h, 45055 Wk K s K i 20
min K5 BB A VHI-41 768 1.5%% %5 5 19 4
WhrbiEAk 2 h, HERD TREMRCT, R E D 2x107
CFU/g, 7E 30 °C,130 r/min (52 R L EE 12 h, 45
WA KIS K 20 min, &2 78 & BRI 4 53 m
1.29% A BE 1.2%% %5 05 .0.9%: Bt 2 2 0.45% H
AR 0.45%N AR . 1.8% VB,, T 110 CF EHi 1%
JZ W 60 min, B G T 4 CHrE 12 h; i385 Bl
#| FBF, & T 4 CA B,
1.3.1.3  CNP (il & DK TF B oe M %
Jie | FLIR e BK 1A U R A 2 8 B Lk 0.5%,
0.1%,0.075% ,0.075% ,0.5% i) b 51 i B %K Sk &
AR, A
1.3.2  /[4AnyE
1.3.2.1  JERHR Y5
g ZEAT /R T B
1.322 HEZRE IR BRI 20% 00 4§ ik
(METR AT T ULER 1), B 2 TR B I T 18 A
B REN 55538 8 5~6 r/min, 1IE5% 10 min, X
10 min, P A48 5 min, EBE K 50 min,

DL I 209 i ) 38 2847 23 VRN T 04 1 2F
W XTI 40 (Control check,CK), {54 6145 3
A1) 5 A F BRIl (Compound spice, CS)4 .
20% M I, FEERAN 946 pl/kg (VAR &) M
CS;2) & B4 B 5 1K 3L B} (Fermented beef flavor-
ing, FBF)4 .20%J §l¥ , F-45 1 2% FBF;3) %
A KIKBE 7 (Compound natural preservative,
CNP) 2H : 20% i i1 W, #5757 50 mL/kg (LA A 5T £
i) CNP,
1.3.2.3 MW A P H N LA VR B AL T B S ik
ARG, b O fef B L By 1 1R 2% 1fT 4
A O~4 CY i 12 h,

B A= W BB A U 43 i 70
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F1 FEHIRE A (L 100 kg FAt)
Table 1 Formula of pickling solution (Based on 100 kg beef)

R A 1 Elg A 1 Elg o 4 R
g 2 000 b RH BR 4R 10 TH 20
a ¥ 800 oM 200 AR 60
WEHE 400 ISR 200 ¥R 20
B A-wg 400 N A 60 R 20
KENBEH 120 Fe 40 7K 20 000
1.3.24 & FEEMPIASS RN EREN AN G i A4 R, KOKE S 30 min, #CZ2STF

K TEAT R (B RO TT WL 2) , fr i )

IR B /N KA T b R R I RORS A

®2 EFBFEMEF (K100 kg FAit)
Table 2 Formula of cooking spices (based on 100 kg beef)

o H R Elg o R Elg R R Elg
N 240 N 360 2% 600
oA 120 ¥R 60 £ 1 400
T 60 k23 3 600 ok A 1200
B 240 £ 1 000 or 600
1.3.25 f% fFA4RBRAHE, RHERZE Bl TR h 5% B i 20 BEAE, IR AE 0 56 90 KA H

BARYAT A4 B48 100 g, B3 58 U K A
FLASOIR A RN EE 15 B g Bk

1.3.2.6 (RIRART B H2S A5 77 i it A &
B rh R TR K AT 30 min, Bl RIS R R B KGR
A E A6 IR (20~25 °C) & F I AF 48 h I B
PEATER 2 YA [A) i) % T A 2 7 =X

1.3.3 st K LR 4 41 B CE T
10 CHy PR EE T 38, 7E 75819 0,14,30,60,90,
120,150 d W 7 H 8 F W48 . pH {H [ TBARS {H | ¥

16S vDNA =3 il 77 i 47 3 A= ) 2 HE o B, R
FHHLF 8 GC-MS X 4 41 <0 4~ A i XUk ) S 0B 1 7
e

134 REIFE B4 GB/T 23586-2009 (# K
PR il i )X e PR o R SR 2R A I A UL
A O AW I T P R WK 3),
X AN () S ) ) i JRRCRY AT 43, R TRAR AR 9 43, 4
WOF- 1A

*3 HFARETSE
Table 3 Sensory evaluation table of braised beef

A o AR R P
S 2 SR R @ AR 1~3
I BT R AR B R 4~6

EOEE-F 0 & - F Y 7~9

&% & F ik, ROk E 1~3
& B e kR 4~6

EFu R Rk E 7~9

% Ak R K R, KA R R4 6 Rk 1~3
RAR AR R, Bk R R AR 4~6

BGEIE A ERAR SRk 7~9

Ji Hy LA LR FAN b B oM R AT 1~3
AN A — 4~6

WLREE A RS 7~9
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1.3.5  f84riE

1.3.5.1 pH{A #ZHE GB 5009.237-2016( & it %
EZhRHE & pH EMIE) R K A
pH (B T 3 R A7 0 5

1.3.5.2  ZLFE(H FF 400 A5 A % TR R SF- il 6 A D I
b DR E RS T R A AR R, R 8 25 AT
D I i AR I

1.3.5.3 B A b Z & {E (Thiobarbituric acid re-
active substances, TBARS) Z M GB 5009.181-
2016 (B EZRRWE BTN ZEE I E )
AT,

1.3.54 BHIKER  H% GB 4789.2-2016 (&4
S E IR E B R P2 K 0 TR T SO e ) T
BT R

1.3.5.5 AWM ZHES T HRERE R R
YR IE R BR AT, SR 1700 )5 Ik 4y
MrEE S 16S rDNA ) V3-V4 X B 4o BE V% 45 4
A& P X B s W 8 R . ACTCCTACGGGAG-
GCAGCAG,GTGGACTACHVGGGTWTCTAAT,
1.3.5.6  Heraclesll # PR3 HL 7 5087 FREL 3 ¢
TR AR T T80 HERE SRR TP O T 50 “CHER K
A A 24 min, HPEREER RIS mL AU T
SR AL T T S ECh  HERE DR 200
C; FEFERFZLET ] 40 s 4 42 4R BE9) 4R IR FE 40 °C;
Tl 42 BF 0 0 B 10 mIL/min ; il 82 BF 5 296 % 200
C; A IR 0 06 1R EE 50 °C; 4E IR A 2 7 TR 5 28
0.5 °C/min-100 °C, 1 °C/min—200 °C; K&} E] 140
s; FID A5 I £ 1 B 260 C.,

1.3.5.7 45 KAERBRY) BT (GC-MS) Kl FRIC 2
g BRI A4 RERL T 20 mL M TS A, InA S

(a) ST 3

mL PR R SR AL BRI, K 22 1 08 A6 BB 4 AR
L, VAN Ml BRE 5L TE IR 60 CHR Ff 45 min
Ja kit FEBCKTE GC HERE 11 (240 °C) F I 4
min,

GC &40 F . DB-WAX B @I (30m x
250 pm x 0.25 pm) ; 35 (He) it 3# : 1 mL/min, A
It eE, BIGRE 45 C,2 min, 5L 6 °C/min
HORTEE] 230 C, PR FF 5 min; B 17} (A] : 38 min,

MS ZcfFEn R B IR R 230 C, AR
250 °C,MS PURFFIRE 150 °C, % I 4ER 3 min, i
= HTEE miz 30~500,
1.3.6 Hdad X5 rh AR 3 AT
AR S5 RO E . X0 25 3 DOF A bR v 152
FoR KM SPSS 21.0 #AF 1) ANOVA X B dl k17
TSN, 25 WEEHREZE LR
% ;R H Origin 9.0 K FERE

2 ZREHR
21 RREGFIMAMNFEARE RBEFHE T
Ry oA |

TR LA U TGRS B A PRJERE o JB T g o
RS2 DLIEL 1 BRI AT RLE IR )
RARIZ AW I 4= R I AR E 2 5 S
W | S5 i o O I ] 1) S 3 S T R A H
i, AN S SRR A Z R B EE2ES W
CNP 2H (1 8, i 35 I T H B 4 (P<0.05) , iX 52 B
Sk CNP 21 v 8 A e Jie $12 WA, 06 e Sy o A £ B R
0, 235200 150 48 PR R 05 (A5 A (R R B
KW, CSHAMERRIT s R Em T CK4A
(P<0.05), 3X 2 PR 2 BORG Il & A7 R AE P 1 #5

—-— (K
— S
—e— [BF

p 02!

(b) 5
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Fig.1 Effects of natural compound additives on sensory quality of stewed beef during storage

S R P T BE 0% 15 o JRURE Y A ELRR | JF ELIW
T P 7 R e A TR T T A
B2 25 S AN WL, CS A1AE 4% I8 br b AR SR 3 A

22 XAEARMFIEGE R x4 AR =2
F R 4 1 BT B R i

KRS A U NG B A PR et e e 3 A
AR 2 WL 4 o, i3 4 R AL, A 4
1) pH {H 7E I 0 B rp g iR 2 N R A o CK
AR 1 (60~150 d) . 3& F [ (P<0.05) , X &
R B A AT B A R) A9 S FL AR
2R = TR A B Y . CNP 4119 pH {EL7E I i
R (0~120 d) —H B F IR T H B H (P<
0.05) , =K MR CNP h A8 Z 1 & 6 R IR Y
Ji S8 CNP 4177 5 i pH th R T H e 4 (P<
0.05)™,CS 415 FBF 41 pH {8 F BN 12, Ui
W LA A CS AN FBF 349 6 45 4 9 300 1 338 A 90 1)

AR,

TBARS AR R 5 b FF#a e IF HAE I 98T
i CS 211 TBARS {H— B W # L T CK 4 (P<
0.05),FBF ZH 1% TBARS B 78 I 15 4] (0~60 d) i
FAET CK 41 (P<0.05), M98 5 11 (90~150 d) 5
CK #H 22 5 A B3 (P>0.05) , i B it 25 I3 B 1]
FEK  FBF (4T E AR 0855 , 5% =M S PO7E 41 i
HHIERH T FBF A5 — & M PLEfbt:  (A BT S b L
R RARFEAR AT RE R FBF H & 19 g it
2 A B4k, CNP ZAE 50T 1 (14~90 d)TBARS
{H5 CK 222 5% A 235 (P>0.05) , 1M B 4 I i) [1a]
R IE A CNP 21 i Bt 801k 0 3432 i B s o 7t
L5 TBARS {H A%

LI E AR B S R TR H
T CS 411 o B B3 S A i A 24 50 rp 2 e 2218
fR, T I R AR A A R 5 7 i R 21 BE A, B 77

il

R4 RAEGHFEMANFRAMEERERELERETLHE N

Table 4 Effects of natural additives on physical and chemical properties of braised beef during storage

FiEon 21 3)

e 5 1) /d

0 14 30

60 90 120 150

pH 1& CK

CS 6.20 £ 0.02**  6.15+0.01" 6.13+£0.01*
FBF  6.18£0.01" 6.12+0.01"" 6.09 +0.01¢

CNP  6.08+0.01" 6.05+0.01" 6.02+0.01"

6.13 £0.00° 6.12 £0.00™ 6.11 £0.01"

6.08 £0.01*  6.01 £0.01* 5.87 £0.01° 5.74 £0.02"
6.13£0.01* 6.12+0.01* 6.10+0.01"* 6.05+0.01*
6.09 £ 0.00* 6.08 £0.01® 6.07 +0.01" 6.02+0.01®

5.89 £0.01*“ 5.88 £0.01" 5.80+0.01" 5.79 £0.01*
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(&% 4)
e B 41 /d
I8 AR 8 3
0 14 30 60 90 120 150
TBARS  CK  0.1720.02% 0.19+001% 022+002% 029+0.01" 034002 037=0.03" 042+ 0.02%
fi/mge €S 0.05£0.02% 0.11=001C 0.19=0.027 024=003° 027+002% 031=001" 0.340.01"
k' FBF  0.0720.02" 0.14+001% 0.17=0.01C 025+0.02% 0.300.04" 036+ 0.04" 039 +0.03%
CNP  0.06+001% 0.19%0.02" 029+0.01* 028002 028+0.02% 028+0.03" 031+0.02"
« CK  13.13+0.01 13.04+0.01" 11.41+0.01° 11.19+0.02" 10.94+0.02° 10.72 = 0.03" 10.23 = 0.02%"
€S 12.85+0.02¢ 12.87=0.02% 12.86+0.01% 12.79 £ 0.02" 12.65=0.03 12.09 +0.02" 11.66 + 0.03
FBF 1223 %0.02% 1214+ 0,02 11.93 +0.02¢ 11.81 +0.06 11.64=0.00¢ 11.23 = 0.02¢ 10.83 + 0.66
CNP  13.03 £0.00% 12.84=0.03" 12.73 +0.09% 12.63 = 0.02" 12.13 +0.02% 11.84+0.02" 11.27 + 0.02#

2 B /N SRR AN ) 8 7 AN [R) 41 41 1) A7 46 B 35 1 25 53 (P<0.05) , AT RS R 6] R AN TRl 4 4 A0 A7 46 35 1 25 57 (P<0.05) , T[],

23 RAEAFIMAMEFEATRITREREZ

K F) 145 CFU/g, KBl 4 728 150 d A4 7>

BEHTHHEm

H % 5 AT, CK 4 N5 90 RIFIRA A Y
B A, I FLIE 2 T 9 [ 19 S 4 | TR 8 A B0
I (P<0.05) , B 56 19 55 150 K, T8 3% S 50y

BT IR RO, B BT CK 41(P<0.05),
JEH: CS 20 A0 TR 95 2 BRI 8 00 18] 5 1 3% AN g
A1) BT A 41 59 B Al A M F8 AR 2 A A

x5 XAEHFMFII ST 4 I 12 P EE B HTLA N (CFU/)
Table 5 Effects of natural additives on the total number of colonies of braised beef during storage (CFU/g)

28 5 0d 14d 30d 60 d 90 d 120 d 150 d
CK <10® <10® <10® <10® 35 +£7.07¢ 80 + 14.14® 145 £ 7.07*
CS <10® <10® <10® <10® <10™ <10™ 5 +0.00*
FBF <10 <10 <10 <10 <10* <10" 15 £ 7.07>

CNP <10 <10 <10 <10 <10 <10*® 25 +7.07"

24 RAREERMFIFATBAE (90d)
(Gt E2=2c3:00-A1

2.4.1  El R EIE ST SRR F R
SR T Wl S B A I R B AR bR DL
B AR & B RRPRRIR
Py HE B R TE A DG OC R Eh & 2 # R i
LR AT AL, P A 2H 0 AE I Y T OUT B0 K 8%
P, 20 P B ECR T 20 000 B, i £k 8 T 4
Wk BB 2 () 5 e AR /D OUT, 36 BN 7 44
Pt S8 1T DL HE AR AR AR R DU A A
i,

242 Alpha ZFPE 0T 8 R G 2RV
BT (Alpha 43871 ) AT LA Sz B HL sl 26 ) F s 1) =F B2
ZREME 4 4 A RRE S Alpha 22 FE M 23 BT I
36 o o HorpOUL I R S R T ARk I
PORERE AT LU Y 4 207 i o O % B 48 B4 A

80

wn
=}
S
S 60
E g
w ©
oz
=
S S w0
=
=y
= =
5o CKl=— FBF1
;3 2 —— CKa— FBF2
; —— CK3—— FBF3
= ’E 0 —— (Sl—— CNPI
z e (52— CNP2
e (G CNP3

L ]
20000 30000

0 10000

B BIL A1 JB A 0 Bl

Amount of randomly selected sequencing data

2 ABMHFAHERHREHEZE

Fig.2 Dilution curve of 4 groups of stewed beef samples

100% , iBH BT A7 10 26 4 34 48 46 0 21 ; Chao 1
BEHTATRE TR OUT 2 H , RIFEEER,
PD_whole_tree 58445 Shannon 824 [ W4 Fh £
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FEME T 25 18T PR AR B i 2 R TR B,
PO 8 BB R, R E Y Z Rt i
6 nI UL ,CS 45 FBF 40 /Y Chao 1 8 %072 & # ik
T CK 41 (P<0.05), ¥t CS 5 FBF A — & i
AR . CS 1 Shannon #8508 K T CK 41 (P<
0.05), Ut B CS 4L/ fE Wb A /b | B AH 25 4 AH
X 1 B

T BB s T A2 500 A R ) R el
R 4 A WS FEE OUT 5 1B E LA
3, E &R AR A B OUT 4, %A1 S H
I3 NFERVERA 1) OUT %, th 18l 3 AT, 4 HAE i
OUT &80 /N2 K HEJF R . CS(75) <FBF (95) <
CNP(97)<CK (111),4 4 ¥ &3 19 OUT 0k
38, /NT R S ECH 19— BERH 4 2R S A TR
P2 SRR, CS 41454 1) OUT i H f5e /b ]

PATRMZ U I 2R R R H b, X 53R 5 IR V8 B
RO 25 R — 30, £ L, CS X T i A YA 0 R AL
REhf,

3 4ENFAERERE OUT FRE
Fig.3 OUT Venn diagram of bacterial community

of 4 groups of stewed beef samples

®6 4HIFAHEMN Alpha ZHEMES T
Table 6 Alpha diversity analysis of 4 groups of stewed beef samples

20 ) YL R JE A A Chaol 45 % PD_whole_tree 45 % Shannon 4§ #
CK 1.00 £ 0.00° 82.75 £ 4.15* 6.93 +£0.78* 4.12 +0.86°
CS 1.00 = 0.00* 56.33 + 4.60" 5.61 £0.48° 2.87 +0.15"

FBF 1.00 £ 0.00* 66.06 +5.12" 6.12 £ 0.52* 3.83 +0.51®

CNP 1.00 = 0.00* 77.08 + 8.27* 7.07 = 1.20° 4.40 +0.33*

T« 9 /ING AN [ 375 AN ) 2 21 8] A7 75 8 351 22 57 (P<0.05) .

243 FETIUKFRMADFREZ 0 B
4 FTHN 4 41 pa AR PRI ) A ) R AR TR T
T RBEGE ] BT BT ] R T SR
LB 17T, 3 55 ke a2 D A5 23085 000 28] ) A0 3 % 7 I
S (R R AH 25 K S AR — B0, 3X 6 BT T AR 3 B AE
FR R TPk B T 97%LA 1, LB i AR A E T K
P BRI ARG R AR . Hidh BB T 4
20 pa A TR A X DL TR R, AR S EE 4 S A )
T CK(47.01%) .CS(62.85%) .FBF(58.77% ) .CNP
(60.18%) , X ZH WAL TE TR K 24054 3
PR L P IR AR PR, B2 R I R B o R B 1A
TR A0 BEAE R E 1A TS BE T 2 i B
R IAE Y, HLT P AR IR Y AR TR IR
JERRER FLAE R K, Bl A T [R] (4 42 4 e 6%
JIC R PRt 0 S O AR TR T 4 2 ) A TR R RE
BT B AR = B2 H v B . CK (18.62% ) >FBF
(13.64%)>CNP (13.02% )>CS (4.33%) , %1 CS fig

A
Relative abundance/%

215
Group

4 AAFRETIKENMEDEESN
Fig.4 Microbial community structure of 4 groups
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Fig.5 Microbial community structure of 4 groups of products at genus level
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Table 7 Volatile flavor substances of 4 groups of products

k£ 2 AR =V CK CS FBF CNP
P 2,2,4,6,6-% W I K CoHoys (+) (=) (+) (+)
JA] = ¥ 3K CsHyo (+) (=) (=) (=)
2,2-= R RI CHae (+) (=) (=) (=)
3,7-=¥9 i+ - CisHog (+) (=) (=) (=)
MR -2 & M GH,y, (+) (=) (=) (=)
#* CyoHg (+) (=) (=) (=)
JE+ ke Ci7Hz (+) (+) (=) (=)
A AW CioHig (=) (+) (=) (=)
2- %k M CioHi (=) (+) (=) (=)
M CioHie (=) (+) (=) =)
d—A#7 ¥ W CioHie (=) (+) (=) (=)
3-% M CioHie (=) (+) (=) (=)
¥ ¥ ¥ CioHie (=) (+) (=) (=)
Y- i A CioHie (=) (+) (=) (=)
2-T A = ¥R CioHy, (=) (+) (=) (=)
2,3,3—3‘?%—1,4—&;% CsHyy (=) (+) (=) (=)
(+)—a—K v+ CisHyy (=) (+) (=) (=)
B—% ¥ CisHo (=) (+) (=) (=)
Alpha-% 3% % CisHa (=) (+) (=) (=)
—F AR CosHisg (=) (+) (=) (=)
1-RE-2-T ¥ CioH (-) (-) (+) (-)
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(ER7)

G 4 AR 15 X CK CS FBF CNP
— -+ CaHe (=) (=) (+) (=)
3-THRKRLHE CioHp (=) (=) (+) (+)
S E =R CooHy (=) (=) (=) (+)

S Z LB LBk CeH140;4 (+) (=) (+) (=)
4 7 R OR B CioH,0 (=) (+) (+) (+)
44— =8 TR KB CaoH0 (=) (+) (=) (=)
ENIp: X1 3 CsH 50,4 (=) (=) (=) (+)
¥ A M CoH 0 (=) (+) (+) (+)

B % 2-Z A& TEF CsH 0 (+) (=) (+) (+)
WA ERER CiH»0 (+) (=) (=) (=)
e AN Y 1 CysHss0 (+) (=) (=) (=)
4-(2,6,6-=F AR T )-3-F &K -2- C4Hy0 (+) (=) (-) (-)
T B
SEE2TH Cul,0 e S e
o5 A B CioH 50 (=) (+) (=) (=)
8- Hh-1,8-F k=8 CioH20, (=) (+) (=) (=)

7 S S CoH 50 (+) (=) (=) =)
i TR CeH,,0 (=) (+) (=) (=)
KV CHsO (=) (+) (+) (+)

AR ARALSY 6-FK TR K -Sa-2E k% CxHZNO (+) (=) (+) (+)
25 3 % N g CasHoN30, (+) (=) (+) (=)
1-CRA A B IR ) kv CioHoNO,S (+) (+) (=) (=)
I-(BABLA )RR CaHip0:S (+) (=) (=) (=)
4K ke [2,3-d]E " CHi3NO; (+) (=) (+) (=)
3-A A -1-7 B C;HNO (+) (=) (=) (=)
2,5-= ¥R -3-(E-1-R i K )nbh CoHoN, (+) (-) (=) (=)
5-¥ A 2Rk CisHisN (+) (+) (+) (+)
5—FK H 2wk v BR kg CoH3N;0, (+) (=) (=) (-)
3—[N-(4-7H KRR ) & Al CuH N0, (+) (=) (=) (=)
6—F A —5—7K Ak —T- R ik CsHN;0, (+) =) (+) (+)
N-Z BE-10-F A3 & 2.8 C»HsNO;, (=) (+) (+) (+)
4=kt [2,3-d]H R CisHoN3 (=) (+) (=) (=)
2-A A HE CHyN (=) (+) (=) (=)
SH-%&[2,3—c]F e CypHpsN (=) (+) (=) (=)
4—(1-F A 4—vkvg K )-1,2-% = Cp,H;NO, (=) (+) (=) (=)
* LRI K CoHoNO (=) (+) (=) (=)
2-(TBERA T IR)3-(FARLAHK) CyH,0, (=) (+) (+) (+)
WK
3.3 -=RmAE44-=FHRh-55-Z8 Cx;H3N,0, (=) (+) (+) (+)
TR = b T iz
o CoHysNO, (=) (+) (=) (=)
4 A K -6-F K -5-# K 2K FFnk CoH;NOg (=) (=) (+) (=)
wh—1,3-=A
6 (4H)-boc-2-& K -3,5,7,8-m9 A~ C,HsN,O;5 (=) (=) (+) (-)
4-F AR - 5[4, 3-d|E
N- 3k —1-4 Rk T B Ci3HxNO

(
N-"F IR ¥ B8 T B CpH;;NO, (-
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(B8R 7)
G P g X CK CS FBF CNP

2,3, 4-ZF ALK G iH;3NO; (=) (=) (+) (=)
L%%%%ﬂ? C5H12N2 (_) (_) (+) (_)
RV BERAL AR = T Bg C,HpNOs (=) (=) (=) (+)
DL-3- 2k -N-T B C,HNO, (-) ) =) (+)
LRRFH CisH5055 (=) (=) (=) (+)
1- (BB BRI ) Kb CaoH40,5 (=) (-) (=) (+)
4-= T RAR T BERIR CiyHN; (=) (=) (=) (+)
N-(2-F A& -6-F LKL )4 K = CisHiNO; (=) (=) (=) (+)
W B Il
N-Z®A-3-(3,4,5-=ZF AKX C4HyNO, (=) (=) (=) (+)
) -F ke
1-(6-F ARtk -2-K)-3-(4- Cy7H1sN;0S, (=) (=) (=) (+)
VIR KW B R ) -AR IR
4K K AR = 9 BEBBE CsHsN;04 (=) (=) (=) (+)

e 2,4,6-= % & CoH .0 (+) (=) (=) (=)
2,6—-=d T -4 KBy CisHx0 (+) (=) (=) (=)
T A B CioH 120, (+) (+) (+) (+)
3,5-— BT EAE B C1:Hx0, (-) (+) (+) =)

78S 2-AR T =m CeH;Os (+) (=) (=) (=)
A% AR BR Ci6H30, (+) (=) (=) (=)
B CysH3,0, (+) (=) (=) (=)

By % IE 7 BR T BS CsH,00, (+) =) ) =)
e ey Y By e P CuHg0, (+) (=) (=) (=)
2-F K+ Wik B VB CisH300;5 (+) (=) (=) (=)
T (2E) 44— F 3 -2 5 K R 85 CsH10, (+) ) (=) (=)
P[4 (2= E-2-7 ) K FE| L CisH 05 -) (+) ) (+)
it
FBRJTT B CioH 1504 (=) (=) (+) (+)

&R % 2,4 6'-= R Tm CyH,.0 (+) ) =) =)
3,5-= ¥ A KA CyyHu0,4 (+) (=) (=) (=)
15,16-=% ¥ -8 (17),11-#i & % = CisHy0 (+) (-) (=) (=)
$is —13—ER
(R)-=4-a-% 7% 28 CH»0 (+) (=) (=) (=)
A8 A s CisH0, (+) (=) (=) (=)
WOk & i BR CsH,,0 (=) (+) (=) (=)
3-(4-F AR -1-FKRAE-R"-2-H- CisH1O (=) (+) (=) (=)
1-7R
3-(2-FARKA)-1,3-= R A-1-R &8 CyH 50, (-) (+) (=) (=)
4-%K-3 5-=(2-Fh-2-mKk)-2, G140, (=) (+) (=) (+)

4-FR T = Hi—1-FR

e AN A N LR SR PR /) G S VA DS LR N R R P27

Wit 25 ™ 5% 1) 1) 1) B 4K |4 4 28 R AR | R
BIES pH {E ML 2 TR TBARS {H2
T E B Hod CS 4R ECE 1 TBARS fH

FIVER V5 B B0 A8 T CK A 2 il 4l
(P<0.05) ;4 294 AR 16S rDNA | e 25 S AL 46
T E A X KT 1%48 5 AT ,44 B R E
PG, LTI H T RERER ], CS X)
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Effects of Natural Compound Additives on Storage Quality and Flavor Changes of Stewed Beef

Li Yan', Fu Huijing', Qin Jianpeng', Lu Yuqian', Liang Liya', Wu Zijian’, Ma Lizhen"
(School of Food Science and Biotechnology, Tianjin Agricultural University, Tianjin 300384
*School of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134)

Abstract In order to prolong the shelf life of low—temperature sterilized brine beef, three natural compound additives
selected in the early stage were added: Compound spice (CS), fermented beef flavoring (FBF) and compound natural
preservative (CNP). A blank control group (control check, CK) was set up. The sterilization method was boiling water
sterilization for 30 min twice (placed at room temperature for 48 h in the middle). The four groups of samples were stored
for 150 days (at 10 C), and the changes of sensory quality, physical and chemical indexes and total number of colonies
(0, 14, 30, 60, 90, 120 d and 150d) were measured. The microbial diversity and volatile flavor substances were an-
alyzed on the 90" day. Results showed that during storage, the sensory score(CK: 5.9—5.5, CS:. 7.5—7.2, FBF. 6.6—
6.2, CNP: 6.4—4.8), pH value (CK: 6.13—5.74, CS: 6.20—6.05, FBF: 6.18—6.02, CNP: 6.08—5.79) and redness
(CK: 13.13—10.23, CS: 12.85—11.66, FBF: 12.23—10.83, CNP: 13.03—11.27) of the products in the four groups
decreased, and the TBARS value (CK:0.17 mg/kg—0.42 mg/kg, CS:0.05 mg/kg—0.34 mg/kg, FBF:0.07 mg/kg—0.39 mg/
kg, CNP:0.06 mg/kg—0.31 mg/kg) significantly higher at the end of storage than at the beginning of storage, and the
overall effect of the CS group was better than the other three groups; 4 groups detected microbial information of 5 phyla
and 44 genera with abundance greater than 1%. The dominant phyla were Proteus and Firmicutes, and the number of
Firmicutes in CS group was low, and no Bacillus producing biogenic amines was detected. A total of 97 volatile aroma
components  (CS: 41 > CK: 39 > CNP: 28 > FBF: 25) were detected in the four groups of products. CS group contained
compounds with high contribution to flavor. In conclusion, adding spice essential oil can not only prolong the shelf life
of products, but also improve the flavor and sensory quality of products.

Keywords stewed beef; storage quality; microbial diversity; flavor substance



