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1 MBEF®E

1.1 #ME5iF

LL1 W W9-3 2 [RFLH I (Lactobacillus
reuteri ) , HP &l HL 7R % F2 W) i 0 CCTCC NO:M
20221263 ;M3-16 &l 1~ & ZLFF 7 (Lacticaseibacillus
paracasei), P [E HL A 5L FE ) 48 5 S0 CCTCC
NO:M 20231204, 142808 R B B A ™ i
T 5 DA R A e 2 S il R b o e L ST
PR . MY4 I og 37 o & 4 % B (Kluyveromyces
marxianus ), P [E S8 B 352 ) L8 K 0 CCTCC
NO:M 20221052, A2 808 Ll BE B A& 7 i n
TS T I T BRI v 43 2 8 I DR

1.1.2 A MRS EFREH TRAM WIS 3
KKEFE, MRS [BERRE IR )7 - 8 R 10.0 g, 2F
Iz 8.0 g, BEREIR Y 4.0 o, H % BH 20.0 g, B R
A 2.0 g, FERRE M 2.0 g, ZTREN 5.0 g, Bl
FREE 0.2 g, B R 4T 0.04 g, BifiE 14.0 g, it i 80 1.0
g,7K 1000 mL,pH {5} 6.5£0.2(25 °C), MRS ¥ 1A
B R B/ Ty B A 10.0 g, 4 N IR K 8.0 g, B
2 4.0 g, B 20.0 g, BER R —H02.0 g, 1
TR M 2.0 g, LFRHN 5.0 g, BRIREE 0.2 g, iR
ff 0.04 g, i3 80 1.0 g, 7K 1 000 mL,pH fH 5.7+

0.2(25C).,
113 Rl IR R JE R, 1R, T
i, e,

1.2 UF5E%F

H1750R .01, W e A S 36 3 A 28 T A
BN F] FD-1A-50 EL45 VR 1AL, L4k
TR A BRZA | LHP-250 %% G 1 J5 15 18 15 37
¥, bl = AP A PR ) s Rational AG H
T4 , 7215 National /A F] ;FiveEasy Plus pH if,
HRF S —FC R 2 A28 () A BRA R ;GYW-1WF
KT AN, YT 568 W0 AR B A7 R R UV-
5500 £ A0/0] WAy Fe A EE T, L TR A FR A
A ; CR-400 {422 73 B A%, 4] Je s L Rk 45 I 8wl
TA. XT Plus Fi#4{% , % [E Stable Micro System 2\
A)Y55-40M S o @b, iRy AL A A

R/ Hl; EYELA N-1100D-W (WD) g 7% & 1%,
H A 7R 50 BEAL 28 Bbk 2 2 41, QGC-12T A RAY,
g SR 5 8 By Waters Xbridge C18 A €233 41
(250 mm x 4.6 mm i.d.,5um), FE[E Waters 23 H] ;
5 LC-20A W AH (5 3% R 48 SPD-M40 4 45 [
FIKEI A .GC-2030 “AH 3% -QP-2020 NX DUtk
FF 51 B AL (GC-MS) , H A fk 2 £ 1 e il 48
It ;SPME [ A8 %< B F 3l i #F &% \57328-U DVB/
CAR/PDMS [EAHFAEHLEE (50/30 wm), K [E Su-
pelco 2% 7 ;Thermo Scientific TraceGOLD TG -
624SiIMS #E (60 mx250 wmx1.4 wm), 3 [E Thermo
Scientific A F]; 4Kk 248, [ Millipore 2
Al
1.3 A&
1.3.1  EHALBERIM S K b R e 4l 1 Bk
PRI MRS BEARRE 5 1,30 °CF R A B & 1 57
36 h, BREUS G 4R 2 A 200 mL MRS ¥ &
REFRFEH =M H ,30 C T E5 9% 24 h, £ k5 57 2
W, # H B LRI IE B R RR L 1910 42 Fh i
R 2 MRS WK SR by KE5 5% 36 h J5 , &5
£ (6 500 r/min, 15 min) JEYCHETIIE (TR ), 17 H
T 10 5w AP KGO vk 2 &K
(6 500 r/min, 15 min) , JCHETIVE . #% 2:1 By BT L
K70 (12% MR 2Lk (6% 16 BEbE 3% 1) 5
IR TR A G, B 2 — UMk TG 11 15 37 LA (i
S EE 2 0.5 cm), A —-40 CUKFEF HAE 12 h
Jo O 48 h MR
1.3.2 4 RM KRS AL
1.3.2.1  RBEAF ARSI WA 5 BRI 2 R A
& MW a , /0 E s 2 15 emx15 emx15 em A4 A
P ARG BK A RAKE BE Y 1:0.5,
A L i 3.0% 19 & 6 F1 0.0125% 19 & 851, 58
SHRE BRI B, WE R G E TR
M 8 °C M N 50%  MEiE L8 7d e, BUH v
9 MALFRA  (1)UF 41 fef R & 2R 5 (2)
ZR M. UH 3% HE K ERE, AU B
5 (3L 4L %I 3% &5/ 0.0125% W9-3 & fj
IRFLAT T B R A 5 (4)F 20 7800 3% & EL 7
0.0125% M3-16 &+ g ZLAF B 3% X L 175 (5)
M 4. 3% 0.0125% MY4 D 7 i 7o 6
HerRE HAL R BN (6)L+M 41 . W 3% 4k
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F10.0125% 19 52 e A ¥ (W9-3 BT IR FLAT 1 -
MY4 Bl s G 4EfERE = 1:1) 5 (7)L+F 41, &
3% R 0.0125% 1) I & TR (W9-3 &[G
FLFF A M3-16 Bl T B FLAT I = 1:1); (8)F+
M 4. N 3% & R 0.0125% i &2 T & 1% 5
(M3-16 Bl T B 2L FF 1 - MY4 ) 7 307 7 6 2 % B
=1:1);(9)L+F+M 4 . B 3% 1 5 F1 0.0125% 1
5L R TR (W9-3 % fJF [RFLAT 1 - M3-16 &l 1 i
FLAF A MY4 S e & 4Eebl = 1:1:1),
1.322 2AbLEBEARWEIES BT HEEWN LT
WAERAMLE R EEES, R R
1% 3 28 AR R B 58 A PR SR | £ PR B i Ak T =X
N 2 W 1) 4 AR ZE AL I, B 200 g 1A JBEE
AHAE 25 mm R OB T, B 058K
JEZ0 10 em WA= o #5 A A TCA ZE 50 100 °C
ZE 10 min, BUH B H G2 H .
1.3.2.3 JERBAF RS S BT RS KR
B SN E & 2R, R RN & A R UK R
i, SR FHA 48 1 R A 5 24 TR XU ) g 28 Ak 7 =X B
KB4 A L R HLL R I B 40 ¢ RBE A
FEFRML(6 em id.) ™, B [ /N A E & T
FeAE DL 225 CRY iR E R 20 min (A4 10 min
BRI ) . BUH R A
1.3.3 &S A 28 A BRAR I S5 A0 A 0 i o) 0 2
1.3.3.1 pH Fl Aw W& =% E ZhrifE (& pH
{H B Z ) (GB 5009.237-2016) #4531l & pH
(B, 22 (R SR 2005 BE I 32 ) (GB 5009.238—-
2016) /Y J7 ¥ 5 Aw (M, SRR S EZ IE 6
W BOEHE
1.3.3.2 TBA fHMlE 2 B85 A Jr ik 2k 17
5E L FE 532 nm Al 600 nm P AN OB | &
TBA H#& A (1) I8

TBA (mg/100 g) = (A,-A,)/155 x 1/10 x 72.6 x
100 (1)

A A A WAE AL 532 nm F1 600
nm IO EEAA
1333 REFEMWE S5 500E J7
T R e TR R R B et O ARG S B
PR K 370 nm A i RN OB | Bk
A (2) 15

4R 2024 445 4 )
6
Carbonyl (nmol/mg protein) :%X% (2)

A A——WOG B o—1H )6 R %K, 22 400/
(M-cm) ; C—4 FH i it &2 4% B (mg/mlL) .
1.3.34 AYkiigE S (' AEY R
MEY(GB 5009.208-2016)17, & & Be 4= 5
A= W fe (7 e T M (I e 2R Rl )
1.3.4  BALEBEA R 622 R FUSCE /Y I
1.3.4.1 fazEile K FRZE#JE 094 R YDk
FoA 1 em ZE45 Y BIAEAA i B 3540 =X 60 22 A0
A= PR i U T ) 5 BEAEL (L) o BN RE il R A ) L
W 6 I, BOFHME
1.3.4.2 Rk R i 2V 2R s e
FEIRTEME 1 h, VA 1 emx] emx] em FIS7J74
TCAE R AX A A% 35 mm 1 R A TE 45 3k (p/
50) M B RE B R IR R RCRGE PEEE  BAK
SRR E N ik & 258 Auto (Force) it & 71 5.0
o, ML AT % 1.0 mm/s, T3 HP % 5.0 mm/s,
JE H 2 5.0 mm/s, BIE i 10 mm, B EE
M 6 I, BOFHMH .
1.3.43 BEIFM AR B 0Bk A R ETT R
HIPE . BEETFE /N, AR A S 10 A
Wk, Bas 54, BREWES —rfEWMRER 1P
N

1 ABEHNBBIINRAE

Table 1 Sensory evaluation standards of fermented beef

g oA SR
WMPIKRAE (20 %) MURHE,F A M 16~20
20 RN R, B R i 10~15
S G e <10
SPAMEFE (20 ) WE G, A RF 16~20
BN, R E 10~15
K2 FAF <10
Ak (30 &) HAEBEHAH A, HRA%, 21-30
xR
BB AR, WAEBHE A 10~20
JIE. ok e v v vk
T 1 Aok, A Lok Feel vl ok <10
2 (30 %) ool B iE T BURE T 21~30
Sy el AR AR RS K 10~20

F AR AR R BAR R <10
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1.3.5 P4 AR 0% o 4 e e XUy Jo ) )
K T 25 8 AH A A€ R - OAH £ 3% - B 3 3K ]
(SPME-GC-MS ) X K 5 % e A4 1A B34 4 1 KUK )
FRHEATINGE o R TR AR B AR LR
BRI R] SRR E R WO R AR AE
B o AEBAFRI 3 g By 085 105 2R A B K B T 20 mL
HIETZS A, A 20 ng AT SR )5 e Bl
%%, F 50/30 wm DVB/CAR/PDMS Ti %5 [ #H i3 %
Bk T 60 CoRIE TR A 55 min &, B AR
Sk Z GC HEFE AT o HERE LR 9 250 °C, fif
BFE A 5 min, GC-MS 454 3% 4% ; Thermo Sci-
entific TraceGOLD TG -624SilMS #: (60 m x250
pmx1.4 wm) ; FHEFEF :40 °C(5 min),2 *C/min [
T2 240 °C (15 min) , FEF# 1 mL/min; 25 5 Pk
JiE 230 °C; 2R 250 °C3 ANt
1.4 HESH

K GCSolution A%} GC-MS A9 ¥ ¥im E 17
RAEFFSYy, JFIE T X NIST 20.0 £k 22 4 i
T W HEAT LU X FE PR o A G W) R AR &5 i 0t
AN AL B Y RIARRT S & = 15 YT FY N
U TR €8 22 0 B R R S Bl RO ATIE 6 1K
FLA M 5E AT 3 W, BE 45 3 L7 B £ 45 U
22 (SD) "%, RH SPSS v16.0 B4 i) — i £k
PERE R AT W3R 3 BT (P<0.05) . >R Origin
2021 #KAFH Y Principal Component Analysis v1.5
B AT 3253 704 o R Sigmaplot 10.0 #/44:
£

6.5r

FOE ) SR N \»?w\ Wt \f“\ va\
shal v
Groups
(a)

2 HEHRERWH
21 EREBEFMEZEBELSA pH MASEFE (Aw)H
A

AN & B K& e e B ) pH E W& 1a B
TN oA K TR BT B 2R AL pH AR T 6.0, H 2R K i
J& ,ZR 1 pH (B 1 35 FEAIK (P<0.05) o TS I & 1
R K Efs , pH (E Y B Z KT ZR 4 (P<0.05) . BRAL
FLRR B W L+F 4h, 5 A BRI A0 pH E K
T Kl AL, Horp LM 41 5 A S pH (H,
Ul W2 i 1 711) R 65 A7 R AR R T 2 TR R R P

AR K W) R B S AR ARG Aw (E AN &L 1b B
IR BHREBEG ZR A4 E) Aw B EFEAT (P<
0.05) /@ FEs & BE R 440, 76 3 Fhet i &
B2 b L R B fS Aw AR, B R gl B
Jic & B4 & B I 2R A Aw AR, 5 pH —3L, L+
M 4 & TG 4= TR Aw I ik

PRl i A R B R bl T RCE e R AE
pH {H AL, & A BREKBE T PR, S8 Aw R,
pH (B R A ™ A 1 R 1k 8 5% (pH<S5.3) , T LA il A
il A E AR ARG B S A DR AR iR
B Y pH E AT DLORFF 4 R0 86 0 B0 7
(1) i SRR PES ) R i a AR R Aw 1R R [RLRE AT L
0T W T, S BT BRI SR LR TR & T 57 XoF
A N HEAT P K I FE , LR PR VR S A R, L
S R R M A A & 2R A AR AR IR pH AT
Aw, TE [F]— 14 3 v 2L R BRI B BE A7 A — 2 i 2L
KFR IR A ACH ™ BREAL T pH A Aw, Sl BB

1.00

e
)
©°

K3
o

Water activity

oo N ® \»va\ o \)»t‘exv\
x| e
Groups
(b)

AN R R R AN R & W4 i 44 pH B 87K 4318 BE A A W 35 1 22 5% (P<0.05) .
1 AEEEFNEZESA pH(a)f Aw(b) B m
Fig.1 Effects of different starter cultures on the pH (a) and Aw (b) of the fermented beef
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PR E B AR KRBT, MRS B — o Wk
A AR TR R | TN R BT E R R L R
PR AR AR 20 PR A R R R T B
L R P 2 I & T 1 A A EL A IR Y pHL A
Aw,

22 REFINMEBELRN TBA EMRESENZM

AR AT R 0 R B R v, AT RE AR —
2 BE 04 B 10 R AR 1 o SR Ak, 1T B AR TR TR] A TR
R K B 2F A A TBA (B R EE & = A9 2 i, T 7
25N 2 iR, K 2a 0] WL 4 TR &
T EE AR R, R EEMEAS AR IR ) TBA {E AT I
Tho It b, WSk B & S 2R ALY TBA
H I 2 /N T ZR 241 (P<0.05) . BT A I M A2 TE T
RWBEFG TBA (HAHZE AR K, L+F+M 4115 /9 TBA
B 2 E LT H B A5 (P<0.05),

R WL AR v i A4 T AR IR R P AR A
TBA fH AW BT, KRG & BRI 41 TBA {H 5 3%
EF ARRREA, 1 X — 25 0 e ) n] g 2ok
LR 1 A RE TR BRI VE T . RIS &
PR, B DA ] AR i 0 A A e I AL
S 2 i VSR ™ A T TR A XU ) R T K T
BRI 0 XUBR 221 A 2 TR 5T 6 0, LR o LA
RN A 2L, 74 SOD B CAT B S HT A fk
it () P B AR AR FH2 ) R VT B 45120 % B 30 AR AL AR

1.0
0.8 8

0.6

TBA {8
TBA value/mg- (100 g)™!

0.4

02}

0.0

0‘ 1?. §\ A \)QXV\ \)XQ \;\»\XQ X“\
534 v
Groups
(a)

P Y EL A R TR R B B S 82 1 454k 1 DPPH
H H T BRAE e IR AR G R K e R AL
i D1 42 T ) B A R T B AIG 2 P Y TBA fH, 4E 28 4
P e i s ) AR

WK 2b Brs, 5 TBA HE9SE R, KB
Jei, A TR VR A i e I 3 T R R R kI
(R 25 R ik i A F R R AR, L FL R AN
FEVR A 1 & T R B BA 0 R T A0 2 R LR IR TR 5 &
W HAT SAR A B B (P<0.05 ) o [AIHE L+F+M 4%
T2 A TR A B 1 B AR

FEE AR A b R, R R AT AR 2
50 S I I A T e S AT A e, PR T L
I R P v e i R SRAE R R S AR T A2
S A AL FE B, 7R A R i R v B A Y
FIHER TR EARZE A BEEGE, A
BT R FEAT A ) R FH R TR T AT ] dnl ARG
AR RGN SR, Mk kSRS EAY
Ak ARG HRE  BERE P B R T DL R AR AR
|Gl A S 2 W A (0 M7 N s F S B N =
R0 — S LR B (A3 T LT B RS R LT 1R 4 )
33l ik e A HA PR AR RE T 0 T k4 R 4 0 4
A A B A AR R SR FLIR B RN R P
O T T A5 1) 2 T 90 T A A A 4T o 4 PR 2 TR ok
PP B A SRR 47, DRI L AR B S

1.0
0.8

W 06

4

04r

T Bk
Carbonyl content/nmol - mg™

02 F

0.0
N i LU R Vi qu\ \)X? N
A S
vl ¥
Groups
(b)

T ANTF B R OR R ) R B H I 43 TAB A 808k 56 &5 A7 19 35 1 22 57 (P<0.05)

B2 AEREBFNEZEBESA TBAE (a)MHRESE(b)WEN
Fig.2 Effects of different starter cultures on the TBA values (a) and carbonyl contents (b) of the fermented beef

23 REFAXMREBFARNLE L EHZMW
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BN b (8%, BIC2E0) , ARG 58 T
AP LA RS (B 3) ., f B 3 n] A B
AW, RIS 04 AR 5 R B 4R T (P<0.05) . HL
M 4 ZR A F R EEZER AR, AR A
TCE 2 PP 2 A 2 RUPL TR A A T 20 S 3 AR IR A
A PRS2, A TR B 1 52 BC 4 1) 2 TR 2 8 D)
B EHTH(P<0.05) , Hov L4M 219 248 R 52 1 {8 B
o AR VRS B AR 1 AR 5 A TP R B
FERL R T R AR IR AR K 4 i R
A T R A TR I S B 8 ] g 5 R
K EEFNEE 11 s AR A AR B BRI A G
2.4 KREFIXEEBESARNEREHF G
A PRI B OE I R T R
RPN 1 iR, 25 R R0 &40 B BhE T
FIAE IR 1Y) 22 5 L BCARAL . BR L+M 21 R B Im 2k
PR P9 S R 66 A PR AT B 2 R B (P<0.05), Hirp
L+F+M 21 0 R R | 8 35 1 R L UG 4 T o8 19 5 oy B
B, BT B T FL R TR ORI R A A P IR R A AR
FH s 2 R I RE DT BRI T L R TR R
AR L+ M ZH (R BE BT AT RE 5 i R R 7 IR ik
J15A 5, Ik pH EAE 2R AR Aw BEAR, S0hn R 1
EHRWEERE . ZBEG M4 A AR T T 28Uk )5

90

LA
L" value

A AN
DI A ARG

syl v
Groups
TE AR TR FR A W R AL A L7 H A 35 1 22 5

(P<0.05),
B3 FAREEZBANABER L ENFE
Fig.3 Effects of different starter cultures on the L

value of the fermented beef

B A B R AR e R R D A DY SRR
BT A [ AR A LA B P  Horh L4F+M 241 H.
A e L BRIED T BR M 4L5h ZR A A
FoR R R AL B R B R IR (P<0.05), 5
A W NS 3 19 5 (9 R A, T O P 47 4 41 41
GEAL AN B AT S,

R2 AEREFINRES N RGN

Table 2 Effects of different starter cultures on the texture of the fermented beef

TR A B4k UF ZR M F L F+M L+F L+M L+F+M
o E 10 122.56 + 8934.83 + 794583 + 993849 + 8138.81 + 9833.16 + 8581.72 + 1255872 7211.46
1 075.68" 440.93 423.554 273.79" 702.10% 123.16™ 81.61* +91.75" 80.66
L4 0.82 + 0.83 = 0.85 0.87 = 0.85 0.89 = 0.89 + 0.88 091 =
0.03¢ 0.01+ 0.05™ 0.01% 0.02™4 0.01* 0.01* 0.01 0.01*
"L e 410897 + 316715+ 336148 + 334728 + 2677.04 + 3736.82+ 284093 + 420749 + 2386.53 +
591.82" 32041 454.44" 147.88™ 263.61% 29.48 28.26"* 25.45° 28.69¢
MeAM 490198 £+ 377429 £ 3917.83 + 383235+ 3120.81 + 382821 + 3132.66 + 4729.15+ 2708.69 +
511.98* 397.95" 322.24* 225.31° 306.58¢ 9.77" 18.47° 1.41* 9.24¢
FER M 0.49 = 042 + 0.49 = 0.38 = 0.38 = 042 + 0.43 + 0.40 = 0.39 =
0.03* 0.04° 0.06 0.01° 0.02° 0.01° 0.01* 0.01° 0.01°

TE < AN [ TR 2278 AN (6] 52 9 4L ) P 545 00K 5 0 A 35 1 22 57 (P<0.05)

25 REFIXHAZEREYER KK
ARICHLE T INIMA R R BER G, KB R
5 B 3 PR O A W e (2H e | e e | i
AT ) W i 224 (B 4) . B 1B 4a Fl 4e
AU B F+M AL AN, 25 T 500 20 %) 2 e F €8 Jie 1

JE i B 2 /N T ZR 21 (P<0.05) , H. 52 e & 1 51
7 A 2L R T 0 R LT R TR AR A
4b I de 7R | TR S TR 2L 10 RS2 A 1% g A0 ) f A
PIETF ZR 4 (P<0.05) . K HZLIR B 5 8 B 5 BC LA
Jai | A PR A G R M e R T L A R A T
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2 2024 4E55 4

i

XFF T R UL, B I AR ER LA TR AT LA S
R AR T Z R B (P<0.05) . GniEl 4d B
IR BR F UM L+M+F 4040, & B 41 09 7 e T8 1k
A H AR R TR A T o0 AR

AR R K T R L e Y A K
e PR Al Ot 0 22 A M ke 8 B DG , AR % i
2 T TR ) it P 2 A 1 AR BRI, A
FER B RS, A o0 Wb ™ A6 0 2R 1 23 00 1

il
Histamine contents/mg-kg™

\XQ '[g‘ N ¢ "exﬂ\ \)XQ \»‘Xg\xﬂ\xﬁ
P! A2
Groups
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Fig.5 Principal component analysis of volatile substances in roasted beef fermented by different starter cultures
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Table 4 Effects of different starter cultures on the sensory evaluation of the fermented cooked beef
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Effects of Different Starter Cultures on the Quality, Flavor Characteristics
and Safety of Fermented Beef

Yan Yan'?, Yang Mingliu'?, Zhou Yingqin'?, Huang Jingjing'?, Li Weiwei’, Xie Ningning'?*
('Institute of Agro—products Processing, Anhui Academy of Agricultural Science, Hefei 230031
*Anhui Engineering Laboratory of Food Microbial Fermentation and Functional Application, Hefei 230031
*School of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210023)

Abstract Beef is rich in protein and low in fat, which is liked by consumers. It is difficult to chew and has low added
value. In order to improve the taste and flavor of beef, the effects of single or combination patented strains, including
WO9-3 Lactobacillus reutert, M3-16 Lactobacillus paracasei and MY4 Kluyveromyces marxianus, on the physicochemicals
and sensory qualities, biogenic amine formations and volatile flavor of beef were investigated. The results showed that the
addition of starter cultures could significantly decreased the pH (below 5.5), the water activities (decreased by 0.6%-—
4.1%), TBA values and carbonyl values of beef compared with unfermented or naturally fermented beef. The addition of
starter cultures could inhibit the formations of histamine, tryptamine, tyramine and butylenediamine, and at the same
times, make the brightness and springiness of cooked beef increase, while the hardness, gumminess, chewiness and co-
hesiveness decrease. And the results of the combination groups were higher than single strain groups. Eighty—six volatile
substances have been identified from roasted fermented beef by using SPME-GC-MS. The results of these flavor com-
pounds relative contents and PCA analysis showed that the flavor of roasted beef after fermentation with starter cultures
are different from that of unfermented and naturally fermented beef, with the formation of new alcohols, aldehydes and
ketones. The sensory evaluations showed that the texture, color, odor and taste of beef could be improved by fermenta-
tion with starter culture. The starter, especially the compound starter, can improve the quality and the flavor, while in-
hibit the biogenic amine formation of fermented beef. This paper could offer the theoretical foundation to the beef fer-
mentation technology optimation.

Keywords starter culture; fermented beef; physical and chemical quality; biological amine; flavor



