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Table 1 Test instruments and equipment

BLZ5 XA 4 AR %
A8 4 K AL QYSW-10B LR A
LA JJ2000B AR AL )
$iE LA THAIXSRE LabServ Junior B R RAFE N F
pH 3t FE28 Mt S BN
AR IR FA SC-390 R A 5]
AR B AR A 7k 6 DW-861486 R E TN E]
W, B MC-SY1913 ES LR P
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BRI AR B ZWY-2102C GEL R I R N &P |

B oh R Bl 5 BT AL 35 A 5]

% 2 b B AT AL SpectraMax i3+MiniMax EL0THENE
LSRR T BX53 B A OLYMPUS 2 3]
) ST a7 RS KQ-100DE ol AR B LSS ]
A & R RN AL 7890B-5977A B A A H N 5]
EECES S 57348-U % E SUPELCO 2 3]
B PR RAL K9840 D R R A F LB A F

YB3k A 35 5% B Al R 2 FLAT T BG 92 1 28 8 000 1/min
B UTHE 10 min, B UT0ED A BRER K H 8 3 Wk
J5i #1145 ODegoonn 154 1.0 + 0.05 BB B, 7EICH
BAE G0 LR TR S KB T et 2R R B
R 9 A5 s 5 R i FR AR AU EE 1210 YR 40, SR 5 L 200
wL ZEFRACT  7E 37 CAMF R E 3% 24 h,

B I 45 15 F WOOT U 200 L JC T PBS
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20 B THT B 7K 2R (% )= (1-A /A ) x 100 (1)
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man SFMT A B 9 5E R R A L A B 2E AT
1) A &R R A .

SR=(1-A4/4,)x100% (2)
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4) A B ZE AT B AR BT 1 0 2R R
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X=[(SC+LC)/2-(S+L)/(SC+LC)/2]x100% (3)

Horp X——A B ZE AT R L BE R R (%)
SC——1I& P B B H B % F 4 h 19 ODggonn 18 5
LC— A RE ZF A AT I S0 BE & 4 h 19 ODgooun 1H
SHL—IR A HIEE 4 h J5 1 ODgon 1H
1.3.2  Ab B ZEAFT 40 0 BE ) DU

1) A 2 0 A X M1 P AT 1) X R 41 R
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LA g 30 CCHEFE 12 h, LIRS B 2ZE AT B Ok o
15, JEIEIRE 1 em SRR R 4K 221 57 36 h,
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R U0 BT R R 3 N K

XTI TR 3 (% )= (A 1=A,)/A 1100 (4)

2) R ZEFRAT B OGS A BRI A ) 0 B
R B FEE R FR 8 000 r/min £5.0
10 min, B35 #GE 0.25 wm (9 38 B i BG4 L3
o ¥ ODgooun TH N 0.7+0.02 (198 MCET 10 L 43531
F 1 mL AR R R AR AR RS e g
A 80 L ARG B ZF AT B W, X FRZH AN i |
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1) Jowfa i R e il e f R e
i1 25 R P I G B K e 08, 78 G B 45 A 1)
FH W 7K 46 25 B fr AR SR 1T A K 43, FH G T At ) 1 B
5 A R I S U R 5 R 2 (2.0
0.02)g 1l ), 75 JC W #:E & 5240 U A 75 20
min J515 B T R4 H .

430 DA 77 BB A v 5 3R 5 Pk R E TR AR Y
i ZE AR P RV TR, IR A R R
PR TR 5% 5 6,30 °C, 200 r/min $E IR 15 5% 12
h 5 A0 AT A 2 ELAT AR AR PR T
Tl 78 LA 5% 43 ik 452 B T 8 6 1 28 TR B 1 R
WA IR H 30 9C,200 r/min £ K5 97 24 h 15

BN R WL, B0 5Bk L5 5, F AR B K IR 8 B
W I 2 108 CFU/mL, 15 21 40 B R B . 76 20 mL
15 B BT A AR VR A 10 miL (R B2 AT B
B, LIS 20 0 7 L 7E 20 mlL B BR R TR R TR VR
HOinA 10 mL AE 3R K flb2s (2l 10 7 T K 4
I A B3R 30 mL B IR 20 s, B
U T 30 s, B T IR B e % £, 4 CIE, &
24 h BURE s

2) HERMEHRIEZANE SH(EREEER
B e £ TR KM R A I 2 ) (GB5009.
228-2016)"IH iy J7 s BRI TS A 0 R R
(10.00+0.01)g FZEME T, A 75 mL Z818K ,
PHIRAT, 1B 30 min, A 3L K2 ZANSH0%
B RREOR 30 mL, ZE IS ] 3 min, EARIRA
FOmA 1 g FACEE R BB R | 3% #28L IR O AAX, F
RN, ZRIBEE T, 0.0100 mol/L 15 R b 7
T 22 TR B2 O, TR 48 7R TR 28 a5 B8k 2R 41
. TVB-N i+ AR .

Y=(L\-L,)xax14/mx100 (6)

A Y——FE S ) TVB-N & & (mg/100g) ;
V —— SR AL RE S TEFE M SRR A (mL) 5V,
25 A HAEM ERIRIA T (mL) je——FriEER R I
W HEE (mol/L) s m——FE S B R (g) .

3) HRMEYFRNE % FEEEE6N
W IEIE M8 B, PR (2+0.02)g A AT 15 mL 2
BUB A A FE 7 A1 S mL 40 A1 NaCl %, A
200 wL JRUR R R 2 mg/L AR 2,4,6-—=
HJEmEmE, 47 BMs, BT 60 C/KE T F4 5
min , K A& BCEF 4 A RE ff O P 247 0028 0% B A B
30 min, ZEIES WG B AU A GC HEFRE T fif
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/RSN R YN Y T AN S e 1 I o= R A7/ i
W IR AR .
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Fig.1 Biofilm formation ability of Bacillus subtilis
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Table 2 Content of the TVB-N in tilapia fillets

TVB-N 4 % /mg- (100g)™

B 1) /d

Co+L1 B8+L1 C5+L1 B3+L1 B2+L1 B10+L1 L1 =8
1 18.76 + 17.5 + 20.16 + 19.25 + 21.07 = 21.35 + 2492 + 19.67 +
0.19® 0.79* 0.59" 0.29% 1.68° 0.49¢ 0.39¢ 1.48:%
2 23.73 £ 20.23 + 25.83 + 26.67 + 25.90 + 27.37 + 26.67 + 21.49 +
0.29" 1.08° 1.88 1.28¢ 0.79 1.08¢ 0.29¢ 0.89®
3 27.30 £ 2443 + 30.59 + 34.79 38.78 39.76 34.58 27.23 £
0.59* 1.08° 0.89" 3.46 2.17% 1.97 1.78 0.69*
4 61.53 + 66.08 + 69.64 + 68.32 + 72.03 + 76.16 + 88.62 + 67.27
2.47¢ 1.18* 1.89 0.98" 2.27 2.96" 2.37 2.87"
5 100.94 + 86.03 + 114.66 + 111.23 + 111.44 + 117.88 + 105.42 + 93.10 +
0.39 2.67 2.37¢ 3.46% 1.18+ 3.76¢ 5.14% 4.55¢

TE L1 9 BGE TR L1 8 A B, 25 FOB R TR R R IR . CO+L1 S B T & A 1M R 2P SEAT B 5 (BRI L1 AR 5 e B

ORI S TR/ SRR A ) 22 7 2 35 (P<0.05)

222 MECZERAT BEOX B AR A R R R TR
SO A0 R ORI A G P R R e S 2
PRV FHRIUHS & A Al g 7 AR AR =4 . % L
AN TR 25 00 AT B A B A 8 5 P XU )
() AS ARG B, 3 — 20 43 A £ R 1) e B AR A, AR i
TVB-N 8 br i o 55 3 R WA 58 & JE 4 1
i i 2 A, SR GC=MS 5 55 3 K fa PR 1 4%k

BLAr . WNER 3 TR R L1 ARELSE i A 3
TR WSS RS 2R 2K R B,
ARG R ZERIAF B T, X e fb 5 97 A i Fh 28
B YRR, OB R R ZE AT B C6 A1 BS
YERBCR I B B, B I T b B R
2 BRSSP R AR A i — 20 R A
PCA 43 #r, ani&l 2 Fros Wi 3 d J5 , AN A Ah B
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AR B2 SR A M L1 AL FAL T4 1 2R,
74 1 ZBRAY B2 A L1 24 AE KUK A 25 1y s
We SRR LB R LR N- LR T HANE
SR R B R H R A 4 R M R S o
rh, R 5 A SR SRR IR R g B A vk T
() 36 BLIR | 2 O UL £ 3 B SR (R SR TR 2

R S G A EL AT ORI, TR A A R

PR IR SRR, N-— 2 Kk i AR U e Y i
AR TR P TR 26 T 216 U O 7 o e, 2 PR K
IR P R 2 B P, e R AR 2R ST I Co
2 F BERRRFAE g BEE |+ DU 2+ = e i
SR B Ja HA R B A U AR AR dn -t
PU%E 22—+ =B AR A ORI AR T 2, Pl T L
(NS G L G TR g R )
FERA A KU AR T B e 22 S Tl ARG U0k, HL
ROR B A W) IETE B RE T #4188 T AP 2 5, C6
Ab R EORIE O B

®3 TRAHBEFATENEAREHERESKSE (mg/L)

Table 3 The volatile odor content of different Bacillus subtilis for fish preservation (mg/L)

e S B2+L1 B10+L1 C5+L1 B3+L1 C6+L1 B8+L1 L1
A £ 2.695782 2.358113 2.063225 2.259535 1.485629 1.776722 2.109203
e M 1R & 0.341073 0.387829 0.582212 0.313424 0.278353 0.230055 0.084584
L SE S 0.061615 0.04007 0.024639 0.019272 0.046706 0.013415 0.030039
B’k 0.30203 0.137733 0.25375 0.15703 0.045259 0.160037 0.203533
B £ 0.064186 0 0 0.031824 0.023306 0.042727 0.061056
B k& 0.565242 0.252876 0 0.279252 0.316988 0.379794 0.403182
LS 0.204964 0.295686 0.133798 0.191376 0.197584 0.058981 0.173518
T E 4.439206 3.839904 6.339537 3.239246 2.099269 1.734437 2.688695
&3t 8.674098 7.312211 9.397161 6.490959 4.493094 4.396168 5.75381
2
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Fig.2 Principal component analysis (PCA) biplot plot of the effect of Bacillus subtilis

on volatile compounds in tilapia fillets during storage
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R RNPER Z, A REZF AT W L3R Re e T X iRp i 7] i s e 1 X6 2 9yl JIRE S B 1 41
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b, ARZHETER] MR RE D BRI s A S E AR BE 0 5 DR S A AR A A R A S
R HE T ] T R X i ERAMR . A RO RE 0 s A R R AT T A
BEIRP, A U], Aol B 2F ST TR A BB RE D[R] BRBRE AT L 7 AR T R AR S SR AL ] T e PR
PR WO R 4% T2, INMTRER T fpy Ms et BiE
DR EEID] A= W IEIE FRCRE T [R] I A2 B R AR S iz 2R
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Table 4 Correlation analysis of biofilm formation, bacteriostasis and preservation ability of Bacillus subtilis

Ao o B B & IR .
) 3
L1 12 L3 L1 12 L3 A
X e 30 ) & L1 1 0.228 0.401 0.824 -0.086 -0.584 0.813 0.827
12 - 1 0.153 0.594 0.292 0.073 0.333 0.449
L3 - - 1 0.499 -0.050 0.259 0.742 0.636
EE i R L1 - - - 1 0.139 -0.210 0.754 0.7088
12 - - - - 1 0.628 -0.358 -0.108
L3 - - - - - 1 -0.408 -0.381
A W B R A - - - - - - 1 0.913
T PRERE J1 A9 SE 7 I N A 0 KA R TVB-N R34k 55 H O i 2 & TVB-N £ hE A9 HOAE, Ho (/) | FL 60 i i
24 WHEFHITHEVER K NHEXIER H 2 5 AT, AN REZEAEAT Y HBER R 5 4

PRI B B — L R A BRI, AN WIBOR AURE I E N ARG AT A A O T R R 2 AT
WE A0 AR 2 Z B AR AR Ty BRI A BER AR WAL RE ) B E B AR (R, 3 B K
AR BP0, TR WA A 5 A SRR AR B3 B, — s K
R I, 1 REDREL T B A5 B DR EE T ASBIETE RS PR 9 43 28 1, L 1 BESR B8 0B ™, T i 7K RE
il 2R R B BOK BE ST L A BER T AEMIRIE B R A AR TR i T IR Y S ORGP,
REI AL BESR AT I , IR UBERE S BEAT AR X S8 BRI 7 T R Al A ) o e v A 4%
KAEII BT, H e i H G I &R HEAMEH

R 5 WMEFATEEMEEREREXESHT

Table 5 Correlation analysis of film forming indexes of Bacillus subtilis

PR JBE AT K 5h A#RE HEER AR & TG R A )
Kb 1 0.898 0.057 0.485
5hasks - 1 -0.316 0.737

EY S X - - 1 -0.443
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Application of Bacillus subtilis in Fish Fillets Preservation

Zhang Wen, Chen Shuyu, You Jiahong, Ni Li"
(Institute of Food Science and Technology, Fuzhou University, Fujian Center of Excellence for Food Biotechnology,
Fuzhou 350108)

Abstract Objective: To provide a new idea for the development of Bacillus subtilis bio—preservative based on biofilm
forming ability. Methods: The hydrophobic ability, self-agglutination rate, co—agglutination rate and biofilm forming ability
of Bacillus subtilis were measured. The freshness and volatile flavor of tilapia fillets were measured by Bacillus subiilis.
Results: The stronger the biofilm forming ability of Bacillus subtilis, the best preservation effect of tilapia fish. Bacillus
subtilis can significantly reduce the content of volatile basic nitrogen in fish meat, so that the TVB-N content of fish
was 24.43 mg/100 g on the third day of storage, which was lower than the control group (34.58 mg/100 g). Moreover,the
production of alcohol, phenols, esters and acids, such as isoamyl alcohol, phenol, indole, acetic acid and other volatile
flavor components in fish was significantly inhibited. At the same time, compared with the biofilm forming ability, the
bacteriostatic ability of Bacillus subtilis was not correlated with the fresh—keeping ability. The results showed that the au-
toagglutination and biofilm forming ability of Bacillus subtilis were most correlated with the preservation ability of tilapia
fillets, and could be used as a rapid index for screening Bacillus subtilis for preservation.

Keywords Bacillus subtilis; tilapia fillets; biopreservation



