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Optimization of preservation process and quality analysis of
leisure dried tofu by linalool synergized with Surfactin
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Abstract: [Objective] This study developed a preservation process for leisure dried tofu (LD-tofu) by using natural antimicrobial agents,
Surfactin and linalool, to replace chemical preservatives. [ Methods] The minimum inhibitory concentration (MIC) of Surfactin and linalool
was determined with Bacillus subtilis as the indicator bacteria, and aerobic plate count and sensory score were used as the evaluation
indicators to optimize the optimal preservation process parameters of linalool and Surfactin for LD-tofu through single-factor and response
surface experiments, and the quality changes of LD-tofu during storage were analyzed. [ Results] The minimum inhibitory volume fraction
of linalool was 1.95 pL/mL, and the MIC of Surfactin was 125 pg/mL, respectively. The optimal preservation process parameters of linalool
and Surfactin for LD-tofu were Surfactin concentration of 187.5 pg/mL, linalool volume fraction of 2.2 uL/mL, treatment time of 30 min,
and material-liquid ratios of 1:3 (g/mL). Under these conditions, the shelf life of LD-tofu at 25 °C could be extended from 2 to 4 weeks. The
aerobic plate count within 4 weeks at 4 °C could be lower than the detection limit, significantly slowing down the degradation of protein
(decrease by 4.09%) and fat (decrease by 6.97%) and inhibiting the production of malondialdehyde (decrease by19.9% compared with the

control group). [ Conclusion] Linalool combined with Surfactin can effectively inhibit bacteria and delay the quality deterioration of LD-
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Table 2 MICs of linalool and Surfactin on test bacteria
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Figure 1 Effect of Surfactin concentration on bacterial

inhibition rate and sensory score of LD-tofu
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Figure 2 Effect of linalool volume fraction on bacterial

inhibition rate and sensory score of LD-tofu
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&4 Box-BehnkeniXIGiZit R&ER

Table 4 Box-Behnken experimental design and results

RS A B C HRAR e
lg(CFU-g 1)
1 —1 —1 0 0 2.9040.02 93.00+1.73
2 1 —1 0 0 2.76+0.09 87.00+3.61
3 —1 1 0 0 2.83+0.04 77.334+5.50
4 1 1 0 0 2.4140.07 75.33+6.43
5 0 0o —1 —1 2.71+£0.10 89.33+4+3.78
6 0 0 1 —1 2.7540.07 86.00+3.00
7 0 0 —1 1 2.54+0.04 88.004+4.00
8 0 0 1 1 2.534+0.12 85.004+4.58
9 —1 0 0 —1 2.94+0.05 88.334+6.35
10 1 0 0 —1 2.53+0.03 86.00+2.65
11 —1 0 0 1 2.68+0.12 87.67+2.51
12 1 0 0 1 2.41+0.16 82.671+4.51
13 0o —1 —1 0 2.8240.01 90.67+5.51
14 0 1 —1 0 2.70£0.09 78.00+3.00
15 0o —1 1 0 2.8940.01 88.00+3.46
16 0 1 1 0 2.72+0.07 74.67+t4.51
17 —1 0 —1 0 2.7440.06 91.33+2.08
18 1 0 —1 0 2.58+0.08 88.004+4.00
19 —1 0 1 0 2.76+0.07 86.67+6.51
20 1 0 1 0 2.64+0.06 85.00+5.00
21 0 —1 0 —1 2.92+0.06 91.67+1.52
22 0 1 0 —1 2.834+0.03 75.67+5.51
23 0o —1 0 1 2.89+0.07 89.67+4.51
24 0 1 0 1 2.5440.01 73.0044.00
25 0 0 0 0 2.79+0.06 84.004+4.00
26 0 0 0 0 2.73+0.02 84.67+4.51
27 0 0 0 0 2.81+0.04 84.67+3.21
28 0 0 0 0 2.84+0.06 85.67+2.51
29 0 0 0 0 2.7240.07 86.004+4.00

55 R B R B B A i LT TR DB AR EL
B, 6 52 B 38, D7 s B R B 20 JEORIDBHIE L 11 3D
ol TR ) 48 R B U 5 B TR PR R ) S AR L S O
SrHT ISR ARV A o B D5 R EE R B2y O L R
W0 B BEAR o Surfactin BT 1 % J¥ 15 5 1 B 14 B 23 B0y
3D il 4B R I A 58 T P ] 3R 28 AR A 3 (P<<
0.05) o 5 At st A B 23 5000 Ak JE BT W) A9 T 4K R 23 B A
B LY 3D i TRT BE U, 3% W AT 22 T B 38 2800 X R
RO W, 505 22 AT SRR A

233 RALHFMFREIETS IR 55 R 3R] Surfactin
X PR PR R DR Ak B S R IT S > 85, T 9 S BUR AT BE

BEE 28983 | 2025 F 11 A | RASHA

x5 BEBERHEAFESH
Table 5 ANOVA of aerobic plate count

ki FR AmE By Fii P
LR 0.54 14 0.038 7 1036 <<0.000 1"
A 0.21 1 0.213 1 57.02  <<0.000 17"
B 0.13 1 0.130 6 3494  <C0.000 17"
C 0.00 1 0.002 8 0.75 0.401 2
D 0.08 1 0.0847  22.66 0.000 3™
AB 0.02 1 0.0227 6.08 0.027 2"
AC 0.00 1 0.000 5 0.13 0.720 0
AD 0.00 1 0.004 1 1.09 03136
BC 0.00 1 0.000 2 0.06 0.808 3
BD 0.01 1 0.0123 3.28 0.0915
CD 0.00 1 0.000 5 0.13 0.719 7
A? 0.01 1 0.006 4 1.71 02127
B2 0.04 1 0.043 7 11.71 0.004 17"
c? 0.02 1 0.0175 4.69 0.048 0"
D? 0.03 1 0.026 7 7.16 0.0181"
¥ % 0.05 14 0.003 7
AU 0.04 10 0.004 1 1.49 0.3722
aliiR 2 0.01 4 0.002 8
eyl 0.59 28

TooORRRZE R B E(P<0.05) % %K m 25 A B E (P<<0.01);
R*=0.912 0;R3,;=0.823 9,

Fko BREFESHESH
Table 6 ANOVA of sensory scores

IR oA HEE By FiH P1H
L%l 822.78 14 58.77 67.50  <<0.000 1"
A 20.73 1 20.73 23.80 0.000 2"
B 517.96 1 517.96 59491  <C0.000 1"
C 26.30 1 26.30 3020 <<0.000 17
D 11.44 1 11.44 13.14 0.002 8™
AB 6.83 1 6.83 7.85 0.014 2"
AC 0.17 1 0.17 0.19 0.666 6
AD 1.09 1 1.09 1.25 0.282 4
BC 0.27 1 0.27 0.31 0.585 0
BD 0.54 1 0.54 0.62 0.445 6
CD 0.00 1 0.00 0.00 1.000 0
A? 17.80 1 17.80 20.44 0.000 5™
B2 4.00 1 4.00 4.59 0.050 2
C? 8.91 1 8.91 10.24 0.006 4™
D2 1.94 1 1.94 2.23 0.1573
B2 12.19 14 0.87
AU 9.39 10 0.94 1.34 0.4173
ali i 2% 2.80 4 0.70
R 834.97 28

TOrRR 2R B (P<0.05) ;¥ % KR 22 F B (P<<0.01) 5
R*=0.985 4;R;;=0.970 8.
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Figure 5 Effect of each two-factor interaction on acrobic plate count and sensory score

NG LR, AR P Design-Expert 13.0 15 £ 3% # [i5 1) 7]
Surfactin Xt K N & F 4 ff T AR BETZSH N
Surfactin JBi it ¥k Jif 187.125 pg/mL ., F5 #5 B 4 FH 4> %L
2207 4 pL/mL. 4t 3 i 8] 30.001 min, B ¥ L 1:
2.998 (g/mL) , B T. 25 5% fF 347t 8 « Surfactin 5T 1 V& J&
187.5 pg/mL . % fi B & B 4 4k 2.2 pL/mL . &b 3 i) (8]
30 min R L 1:3 (g/mL) o R HRAE T 2S5 FR N
S (RMAEEFKN G FARRNT, RERE B
AL, T 25 CHEE A5 P OcCE 12 h) S BRI E T
JE73E 12 h i 9 S8 (TVC) S (2.4840.05) 1g(CFU/g) ,
Xt i ZH R N G T T 7 B 80K (3.04+0.07) 1g(CFU/g) |, &
B3N 85.660.47 , 5 T AE AR T, A58 Al 5
2.4 FHHEEWHE Surfactin MR R E T EE 2 H BN
WA T HI7R 55 0 KT AT B B R A P v, 2R U
I A IF R BTl . 4 ‘CR IR 4 A i, XJ IR 2Ry (1.58 £
0.07) 1g(CFU/g) , R BRI AR TRz D BR . X R4 C
IR BT, T8 25t IR AL i S AR BE R4, Ak K Y
3 W 2 DR ) 2 D R B D3 [] Surfactin X f3UAE B
T BCR A 4R NIL T s e md T AEY AR K
25 CHAFR X B L B V4 S AR 0 i et fi) 3R T T O g
5501 R ED K H (1.40420.04) 1g (CFU/g) , 55 2 J& ik 5
(2.6840.06) 1g(CFU/g) , 7E5% 3 Jil I € £ i DB33/ 529—

2005 iR K T 2 T T 4 R ) L E (1 T VR A
B KBR{E[5.0 1g (CFU/g) ], RWIH G52 2 J4 . &
i 1) 210 7 T 6 T 300 B AR TR R, 2 R g T
55 4 I ik 5] (4.86+0.04) 1g(CFU/g) . i 25 “CHI T %
A A SR P B TR P DR AR R A EOR R o 4 ik B e
YA A (H AR 2 40 2 I RN BT AR 25 °ClY
WM 2 R E 4,

2.5 FHEEEDE Surfactin X KN E T &R ENF M
2,501 XMRR G TR A AR & B KRR T
TE 25 “CTR VMG 4 8 8 5 AR D5 AR Ak an 18 6 9T o

R KRAEFTEHAEEZHEHEL
Table 7 Changes of aerobic plate count during storage

period of LD-tofu

4 “CIVT 3 R 7 B 25 “CIF ik 1 V& B/

I o o

) (lgCFU-g ") (lgCFU-g )
IE1] /)& ‘
X 41 R £ ) 21 X R AL R i ) 4

0 ND ND ND ND
1 ND ND 1.4040.04 <1
2 <1 <1 2.680.06 1.96-0.12
3 <1 <1 5.0740.04 3.26+0.05
4 1.58+0.07 <1 7.5240.05  4.86--0.04

t NDRRAKR .
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g 390 2 5 56k 2R IR S T R 1 o e T )
FiE K 5 R (P<C0.05) , H1 25.43 /100 g 43 9 K K& %
23.90,22.85 g/100 g, 5 % B AL AR L , fo 4 57) 4 2 14 o i
TR R BE I T X B4 (P<<0.05) o R IR G IS 0 7
ek [0 I I ) S 4 T R DR M ) Ak 2 AT 2 YRR I
W ff R (P<<0.05) . IRIF G TR WBIEN & &K
14.35 g/100 g, 07780 4 J&) Bk £ 550 20 0 ) BEZH 43 5310k 116,
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Figure 6 Effect of linalool and Surfactin on protein content of LD-tofu
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Figure 7 Effect of linalool and Surfactin on texture of LD-tofu
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