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Abstract: In order to enhance the quality of air-dried beef, this study aimed to select the starter
culture of lactic acid bacteria with excellent characteristics for its production. Three different
protease-producing lactic acid bacteria (Lactococcus lactis S-1, Pediococcus pentosaceus S-2,
Lactococcus gasseri S-3) were separately inoculated into beef. At different stages of curing,
fermentation, air drying and maturation of the air-dried beef, the physical and chemical analysis
techniques were used to detect its moisture content, pH value, thiobarbituric acid reactive substances

(TBARS) value, color, texture and microorganisms. In addition, high-performance liquid
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chromatography was employed to analyze the variations in the mass fraction of biogenic amines in

air-dried beef, and safety assessment of the added strains was conducted. The results revealed that

protease-producing lactic acid bacteria could significantly reduce the pH value and TBARS value

(P<<0.05), improve the color and texture of air-dried beef. However, there was no significant effect
on the change of moisture mass fraction (P>0.05). All three starters could effectively inhibit the
growth of Enterobacter, with S-2 demonstrating the strongest antibacterial effect. The three starters

could efficiently inhibit the formation of biological amines (putrescine, cadaverine, histamine, and
tyramine) in the air-dried beef, with S-2 and S-3 exhibiting the best inhibitory effects. Therefore,
three strains of lactic acid bacteria used as the starters in air-dried beef can improve the quality and

safety of products, thereby providing a theoretical basis for the application of protease-producing

lactic acid bacteria in air-dried beef.
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Table 1 Effects of different protease—producing lactic acid bacteria on the color of air—dried beef
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Table 2 Effects of different protease—producing lactic acid bacteria on the texture of air—dried beef
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Table 3 Changes of microorganisms in beef during different processing stages

T B BRI | FURBIVEIE ORI | ORI B KR
CK 4.76+0.05 3.92+0.07° 3.78+0.06"
o S-1 4.86+0.12* 3.87+0.13¢ 3.79+0.12°
i P
5=2 4.83+0.08" 3.94+0.11° 3.82+0.19°
5=3) 4.96+0.14 4.02+0.09 3.88+0.07°
CK 5.73+0.11¢ 3.69+0.19" 3.80+£0.12"
S-1 4.89+0.12¢ 3.58+0.06" 4.23+0.09*
iz e
5=2 5.12+0.09" 3.49+0.07" 4.11£0.12*
=3} 5.11+0.10° 3.20+0.10° 3.91+0.08"
CK 5.89+0.05° 4.92+0.07* 3.32+0.06°
§ S-1 5.18+0.08° 4.87+0.13" 2.79£0.12"
R
S-2 5.16+0.08° 4.94+0.11° 2.84+0.09"
=3 5.62+0.08" 4.62+0.09 2.25+0.09°
CK 5.98+0.11° 5.69+0.09* 2.84+0.12°
S=1 4.81+0.12* 5.20+0.10" 2.23+0.09"
AF 1d
S-2 5.05+0.09° 5.49+0.08" 2.67+0.12
S-3 5.32+0.10 5.58+0.10° 2.65+0.08"
CK 6.72+0.08" 6.46+0.12° 2.15+0.13"
Sl 6.12+0.08° 5.82+0.06° 2.55+0.06
Rt 2d
S-2 6.52+0.09" 6.18+0.07" 2.24+0.10
S-3 6.10+0.08° 6.12+0.07" 2.33+0.17°
CK 7.09+0.07 6.52+0.08" 3.04+0.18°
e S=1l 6.29+0.10° 7.19+0.11* 2.17+0.04¢
W7 d
S=2 6.93+0.07 7.33+0.05° 2.70+0.05"
S=3 6.98+0.08" 7.25+0.08" 2.43+0.13¢
CK 7.13+0.08" 6.22+0.24* 3.07+0.10°
. S=1l 6.46+0.06° 5.87+0.04" 2.14+0.28°
IF7% 14 d
S=2 6.97+0.10° 5.89+0.05" 2.42+0.09"
S5=3 6.90+0.10 6.17+0.08" 2.34+0.12°

TE A [ B 2 7 ] — O 5 PR A [ 4 531 =2 (1) 2 5 0 35 (P < 0.05) 5 Bl A= R B2 1) B2 2 CFU/g

B &AL F CK 41(P<0.05), KT 2 d J& J' e i o
BokE R, 50k 58.05.16.19.10.53.15.82 mgke,
ZJ5 TR AT RO T R T RE R BRI A5 1 T T
A7 7 R T BRI, 3X 5 R 8 I SRR ALY T e
J5T £ 43 HC0E AT LA R 5 300 T A 7 38 0 3 45 o
J5 CK 40 .S—1 41 fn S—2 4 J& i Jit & 43 % ik 3|
24.49 20.20 .8.62 mg/kg,S-3 LA , 1B & B
R TR J5 i 1) 7 A 8 T — s BRI PR

FENN T FE vp |, 4% 4 2 1 Jo A0 B B
THE F RS AT 25 g 4 4URE 5 bR
Y ARA H RS e A i = R Sl i A
JB AR 7 A DRl A R o B A i T AR A A R 3
SiU)E, AR AL b oK R 5T A 43 BB AR RS A
1.51~2.74 mgfkg., % e T2 Ji 2 & 1 A ol 5 v 1
o i G A B T B A TN T AR v S R S i
A B (R R T 40 BUOUR 2R R 75 19.08 mg/kg
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LN 2 0 S5 3 ECFE I T e 8 P g i B T i 235
HJ5 N 9.32.22.93 8.94 .0.82 mg/kg, S-3 4 X & i
A2 iz 1) 1 46 1 FH B S8 (P<0.05) , HLA b A g iz o
ST R R K R T R TR T e P e Bl
Jiie B R 3G 0, B v R I DA T I LA ORI 4
At , X5 Baka %5 AT 5% 45 B2 IR0

R

AT 2 LR R AR KT AR A RT LR 2
I 7= b B pH TBARS {H (P<0.05) , {H X% 7K 43 J5i & 43

IR, KR SR G BESLER B AT RCT R L #ee R s AR
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Fig. 4 HPLC chromatographic profiles of the biogenic

amine mixed standard solution

BOZ A K (P>0.05), @F I ,S-1.5-2.5-3 413
e E KT L o B b AN K, 546,
AT DAREAR AU 25 PR B A B P R RS % e s
D24 PR REL O P — o 5 B, WS e Rl L R A
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W2 A5, A6 AT 2 A v R I 2 7 R AR e,

x4 ARAFFEABIREXRT 4 A YRR E %0

Table 4 Effects of different protease—producing lactic acid bacteria on the formation of biogenic amines in air—dried beef

i 5 43450/ (mg/kg )

_
i 50 R

CK  0.84+0.01° 0.27+0.01 0.43+0.01*  0.10+0.00*  0.60+0.01*  3.33+0.01° 5.56+0.08"

mikbEe S-1  0.68+0.01° — — 0.24£0.01°  0.07+0.00*  0.42+0.01*  3.11x0.01° 4.42+0.00
] S-2  0.74+0.01* — — 0.12+0.01¢  0.03+0.01¢  0.21+0.01¢  2.81+0.01° 3.92+0.08"
S-3  0.69+0.01* — — 0.27+0.01*  0.10£0.00*  0.16+0.01*  3.06+0.01* 4.28+0.08"

CK  1.35+0.03 — 1.42+0.03*  2.07£0.03* 0.22+0.01"  0.35+0.01°  4.42+0.03° 9.83+0.01°

ek S-1  1.35+0.03" — 0.65+0.01"  1.89+£0.03>  0.17+£0.01°  0.32+0.02°  5.76+0.06° 9.94+0.02"
4 S-2 1.17£0.01° — 0.28£0.01  1.48+0.01°  0.21+0.01>  1.48+0.03"* 6.38£0.05> 10.41+0.05"
S-3  0.57+0.01° 0.40£0.01  0.50+0.02° 1.91x0.03" 0.28+£0.01*  2.73%0.03* 8.67+0.03*  15.07+0.31°

CK  0.58+0.01* 2.10£0.01*  1.55+0.01°  3.51+0.00" 0.80+0.01°  0.73x0.01¢  6.03x0.00°  14.98+0.29°

Ee  S-1  0.38+0.00" 1.44+0.02* 3.31+0.05*  1.63+0.01° 1.39£0.04"  1.63+0.01° 7.03+0.30"  16.82+0.09"
45 S-2  0.39+0.02" 0.94£0.01*  1.91£0.05*  2.96+0.05* 5.62+0.02®  1.91+0.02* 6.47+0.02° 20.21+0.06"
S-3  0.59+0.01* 0.87+0.00" 0.58+0.01¢  2.75+0.04" 0.22+£0.03'  2.74+0.03*  7.61x0.12*  15.37+0.15"

CK  1.86£0.01 10.47£0.32* 18.79+0.14*  3.72£0.02" 10.38+£0.46*  3.39+0.03" 8.51x0.04° 57.21+0.04*

R S-1 — 8.91£0.07"  4.31+0.02°  1.76+0.10°  1.55£0.12*  3.92+0.01* 10.84+0.02"  31.39+0.34°
Id s — 6.01£0.13° 10.34+0.16*  1.76x0.16°  7.69+£0.17°  2.53+0.01°  8.27x0.04°  36.61+0.67"
S-3 — 3.06£0.01  9.79+0.12>  1.90+0.11*  4.72+0.16*°  2.27+0.01¢ 11.59+0.13* 33.33x1.44°

CK — 9.67+0.02* 58.05+0.38"  4.64£0.01" 19.08+0.29°  3.59+0.02* 14.98+0.40° 110.02+1.45"

K S-1 — 7.80£0.05" 16.19+0.23"  6.21+0.00* 15.38+0.07" 1.90£0.00°  8.72+0.02°  56.20+0.63"
2d s — 1.00£0.00°  10.53+0.02°  4.51x0.03" 0.75£0.01  2.27+0.03" 7.41x0.02¢ 26.48+0.49"
S5=3 — 0.99+0.01° 15.82+0.28"  3.01+0.00°  6.73x0.10°  1.72£0.01° 11.00£0.01"  39.27+1.15°
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G 4
"
-
CK 24.49+0.35" 43.62+0.33*  9.38+0.12" 10.96+0.02¢ 1.85+0.00" 10.44+0.09* 100.74+1.34"
¥ S-1 — 20.20+0.34>  15.22+0.37> 12.93+0.18* 17.77+0.76* 1.83+0.01" 9.09+0.07> 113.04+1.89*
7d s = 8.62+0.026¢ 8.71+0.22¢ 8.94+0.02" 14.270+0.45> 2.16+0.23* 10.15+0.24*  77.87+0.30°
S-3 e e 8.73+0.28¢ 0.61+0.02¢ 0.23+0.03¢  0.74+0.01° 3.56+0.06¢ 6.25+0.18¢
CK — 24.38+0.35* 43.42+0.33" 9.32+0.12>  10.96+0.04c 1.51+0.01° 10.52+0.09* 100.30+1.34*
I3 S-1 = 20.02+0.34" 14.22+0.37" 22.93+0.18* 16.77+0.76* 1.83+0.01° 9.09+0.07> 103.04+1.89°
14d go — 8.62+0.03¢ 3.71+0.22¢ 8.94+0.04> 14.27+0.45" 2.16+0.23" 10.25+0.24*  77.87+0.30"
S-3 1.16+0.11 — 0.73+0.28¢ 0.82+0.09°  1.227+0.03¢ 2.74+0.01° 3.69+0.06¢ 9.21+0.18°

T A [A] R 27 [ — B B S [R) 20 901 =2 (3] 22 5 .35 (P < 0.05)

Hh P A SPL TR T NS T M M L TR I ) 7 A b LRa BALSR S A A R I 25 2R3 bk
A —E B, (H S-2 S-3 By M ROR B 7 A A SFL IR 1 24 T T KA A A
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