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ABSTRACT: Objective To screen the biological preservatives used to improve the quality of steamed mussels
stored in ice temperature and prolong the shelf life of steamed mussels, optimize the formulation and preservation
technology of the compound preservatives, and evaluate the preservation effect. Methods By measuring the
bacteriostatic circle size of the preservative acting on the dominant spoilage bacteria of mussel, the preservative with

strong bacteriostatic effect was selected, the formulation of the compound preservative was optimized by response
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surface methodology, and the minimum inhibitory concentration (MIC) was determined by broth dilution method,;
orthogonal experiment was used to determine the best technology of compound preservative for cooking mussel; the
effect of the compound preservative was evaluated by measuring the sensory score, pH, total volatile basic nitrogen
(TVB-N) content, total number of colonies, and juice loss rate of steamed mussels after 8 d of ice temperature
storage. Results The 3 selected preservatives were lysozyme, nisin and eugenol, and the MIC of the compound
preservative against Bacillus subtilis and Pseudomonas was 16, 8 pg/mL, the optimal formulation (mass fraction) of
the composite preservative was lysozyme 4%, nisin 2% and eugenol 0.75%. The optimal preservative process was the
preservative solution pH 5.5, the ratio of material to liquid 1:2.5 (m:V), and the soaking time was 60 min. The
optimized formulation and process were used for the ice temperature storage of steamed mussels. The comprehensive

score of mussel quality was twice that of the blank sample. Conclusion The compound preservative can effectively

improve the freshness and quality of steamed mussels under ice temperature storage, extend the shelf life, and expand

13 E

the logistics scope.

KEY WORDS: steamed mussels; compound preservative; formula optimization; comprehensive score
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(R YEAR L), BERNGER TR, BRN
DRI BB AR ARG RAR); BEMREE%E hik
(0.01 mol/L, pH 7.2~7.4, g FamkA bR R HD);
Nisin (900 1U/mg, #WiiliR LY TRARAF); %A
(20000 U/mg). HidkifR . AEREFEH . WETR. 95%4
B NBEE R (O Aral) . LAY . TG EERR AN . AR
STIRME . WL TR B (A2 400 (1 245 4R P AL 230 A BR A ),
THEB O, L8 EmREA R AR, S8 K
hIZEIEIK

1.2 UE5E%

BSA124S L T RFECHEE 0.1 mg, JbaiZeL ikl
X H A BRAA FD); RC-4HC R BEETE AL (TS B R A A PR
D), BHYE SPX AU REA LIS IR (TR IR AR ),
SW-CJ-1B ik T4E & Off Sy IR IR UL ZFL 3 BR A WD),
FJ200-SH 1 3 43 #5035 5 AL (0 9 A7 S0l A RN ),
VORTEX-5 iR A5 (8 T HARDURER Hil 357 PRA F);
G PHS-3C B 53X pH TH( IR R AR A R
Hl); TRE K9840 HLIE ZUX (IARHFRERF AU A TR A H)).
1.3 W%

1.3.1 HaaE

B 5 kg Bt IR DUEVET 4y, V) 24 h, T 100°CHE 7K
W 15 min, ZETCW LAEE NRETR A, H 75% Bems
WIBEBWR CIGLE, R EARER TR, ¥R %
B, TUKATHUKR 1O, TEH.

132 #ERGHE

PR ELZEAUAT IR | (R SR A 40 BB D T35 SR ARG 57
Jerf BT 30°CHEIR, #EEh 180 t/min, B53% 12 h, RF
B 1% EERIER TR R R G RIS, 7 30°C,
180 r/min £ T 4k ks 2 OB (absorbance, OD)H
0.5~0.6, BNfiA5H R 107 CFU/mL 2245 BB, 5.
1.3.3 REF 64 &

TEFT R SCHR[ 16191 354 [, ARHE GB 2760—2014 &
s ERARE B RASINFE FARE ) e, AFRRE
PEMTASCR AT 8 Fi 2B W -5 700 F0 4 Bl FH A9 B0 B g 51
(LB . PUIRIMAR . 2 Reh . WL 1 A Rr iR &,
AVREFIEEYIER(TED . RN . WETR. A
A . SIYEREGERE) . MR AR Nisin, HER)
FIBFS A DA R)8 - ah o 12 PG R 77 35 FH JC K B
AR 0.5%BIFE T, IR IRER G B T 4°Crksar & .
1.3.4 fREEF 69054

SR AT AL POV 5 2 75 6 550 8 DA A5 7% T 100 P 7
P, SEAR BRI A RN 200 uL, {REEFIHI0IAE N 100 uL,
RIfLEAEN 3 mm,

1.3.5 ®AIEHREHR
KR T B, 256 SCHR[21-23]89 J5 B s ol

0 %€ $5e /N % B (minimum inhibitory concentration, MIC):

WEEIRE 9 XHRT, 1 SEMA 2 mL EHRHEG
(luria-bertani, LB)f#§zs A XTI, 2 S48 IMA 1.5 mL LB, HA4
BEHIA 1 mL LB, 2 SEH A 0.5 mL &5, {fiH
JEER e E Ay 2048 pg/mL, JRAIEWE 1 mL A 3 S&H,
KA T MCHRAE, B 2~9 5 PR et 7 T Sk B2 400 512
256, 128, 64, 32, 16. 8. 4 pg/mL, [ 96 fLA 4> 1m
A 100 pL N [R) 5 5 2 A GRAEFRTRT 100 pL 22 3BT TR BRI,
T 37°CIEIRIGFRAR G35 24 h, PIRE AN F 5 22 2F KX iy
) B AV A B9 i B2 B Ay 32 4B A MIIC o
1.4 E&REEFIE S KA AR R Ll

FEWISE R 3R [, 32 Box-Behnken SEREE 574,
VIVETREG . Nisin, THFBRESEC AR, MEEX
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Table 1 Design factors and levels of response surface experiment

A
K-ty — .
A B TR % B Nisin/% C T/ %
-1 2 2 0.50
0 3 3 0.75
1 4 4 1.00

1.5 REETZMURIIEIZEE
KA S S REERIECTy, 7E2 T, $53% 2 fYIE
BESHE Lo(3%) AL AR I, Z 5K DU A—1°CHYy
VKAAIRE, FIEE 8 d A5 RBUREDIE TVB-N fH, = kM
ANGEPREE TR B AL PRI A 25 2 L
F2 EXIHHIERKTEREG

Table 2 Factors and levels of orthogonal experiment

AnS
IR G i — —
D #{fa i 8] /min E pH G BHE Lt (m:V)
1 30 3.5 1:2.0
2 60 4.5 1:2.5
3 90 5.5 1:3.0

1.6 B A REFI R T DUKR IR 1R 8 R
A

IR SR OO Jr A G DU AR IR
S RBEAUT LR 05 2 RBEAIRD B T LA AT
FETAT RS BT 1CHRRIEE, T4 8 d SHUR IO
HVEHAR, WAE pHL TVB-N. R THIORSR, H
% 3 VA RAEEING S EC R ED R DL VS, AR
SRS 52 USRS 44 TR B O B L, A
MBI LTSI IS AV
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Table 3 Criteria for sensory evaluation of steamed mussels
RASETIPUN U5y M EN
7~10 LT, ARG, S DL AT RV
% 4-6 B, W5 VUG
0~3 it 0, JEPEREIR
7~10 TRAV G, AR RIESL, MAYS, TR
HEVE 4~6 PRBAE AN, BT, AR S), AU 2
0-3 P, PIRRRIESE, AR, ST AR AR 277 1
7~10 HATG LA B0, FRIEIR, Tk
AR 46 HARURSR, TR, A L0750k
03 ol DU SR, A 50k
7~10 FREE S Ay, SRR
LR 46 PR —MRREJRE, TE AR . BERREIR
03 TR, Tl A, ok

1.7 HEST

AL PATIE 3 W, BRLOFIERR . RA
SPSS 22.0 Gt/ Mk b X SLI BRI AT 400, SRR
BT 22T PN B e 4 22 57 v, Y P<0.05 B, 22
SR, RZ, WARZE, RH] Design-Expert 8.0.6 52501
TFARAE A 00 O T 5 R 7 43T

2 HRE5HR

2.1 REEFIADTEFIE

AR EARRT 7 mm VR A M IS0 bR
HERSL RO 12 Fh A 50 A P BRTRCR I 4. B/ 3 22
% (least significant difference, LSD){k B[R R F £ #1451
SR, BRI B SEAAT A B AR, WS EE . Nisin, T
Flyy 3 PRI AA7E 22 5 M A BT 41 T e
B A%, Nisin FIVA BTG 535 122 5(P>0.05), THBYS
BB A 7E 5 2% 5 (P<0.05), M3 4 TJ %1, Nisin XA
FLE SR TR A0 A BCR AL TR LB, AT RES& T Nisin
JCTE TE 8 38 220 A 22 TG 4 O At R, SO0t 28 22 [ B
PRI T SR A 5 2T, T o B T P 400 B SR A T A
FLLEIFF A, T BB 7 A T A [ 40 A 4 AL A TR A
IR, X 22 R P A 4 A ) S R A o A DA A4 R i LY
FRFET, X 22 FISF 1 s DU A2 5 0 A A48 A 4/ i 41 o
PYRSETE A OB, T 1 WO ) L i s R S ol A i B
R oY TN B B R S R /b T € A
Xob A AT B A RO B, AR AR D A g 4 T
— 0, oAt O Aol PR R XA B A A {1 B AT F 400 T
B EARE/NT 7 mm, JCM SR

LA, 2 4 Bdls WoR S TG . Nisin, T 4 By XA R 2E
FELFF DA IR PR TR ) 400 TR SR P T LA DR R, 2 PR B

ol R S50 A D TR A AN AR I, AS [ (R 2R 0 0 ) ol D ff 5
AR BE AN TR o BN 5B K A1 O157:H7 Al
G B GO R ABR AT A B ORI, X Z RN B R T
BRSCR G, 0 9 22 FRBH PR A sisy s LD B RR B T i il 2
PR T RE R AR AP A S, OO LR R 2 o 22 R B R
P A B AR

R4 12 RETWIIER
Table 4 Antibacterial effects of 12 kinds of preservatives
MRZEAT AN R T R
HA%/mm HA%/mm

AWy R e 5

Nisin 10.87* 9.54*
VI 9.25 9.89°
T 7.21¢ 5.21°
LS
TR
e g
ER2 NNz
MbEEHR
BETR
W RN
R
PRI R M
TE: R UAR R 5= B 278 T0 35 Pk 22 53 (P>0.05), A [R5 BE R IR A7
TE 4P 3 22 57 (P<0.05)

<5 mm LI EZCR

22 EEREFEFBML
AWFFES TR 3 R OREEH AT T2 A BT IR
FE, W AR IE 5 ) SE R a5 R K 7 20T 3R 5. 6.
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Table 5 Results of the response surface experiment
S A B C TR/ em
1 2 2 0.75 1.25
2 4 2 0.75 1.81
3 2 4 0.75 1.43
4 4 4 0.75 1.58
5 2 3 0.50 1.20
6 4 3 0.50 1.68
7 2 3 1.00 1.32
8 4 3 1.00 1.69
9 3 2 1.00 1.70
10 3 4 0.50 1.48
11 3 2 0.50 1.54
12 3 4 1.00 1.61
13 3 3 0.75 1.54
14 3 3 0.75 1.57
15 3 3 0.75 1.45
16 3 3 0.75 1.41
17 3 3 0.75 1.40

K il Design-Expert 8.0.6 ZX-X} 3% 6 BIE TS

PRI B AR 3 M G e L 22 [ [l 1 7 7

Y=1.09862+0.77995A-0.4020B-1.2432C-0.10125AB-0.1

05AC+0.283BC—0.033825A%+0.078175B%+0.5068C?

t 2 6 A, BAIAY P<0.05, 24000 P>0.05, Bl %
PRI AT (55 5, P BB R™=0.9306, 4 1E R % R?=0.8415,
PIERRT 80%, FUILIRIIGRORELF, RELRIEILE
SERLA AT REERY, MRS FR/INATA 3 AN R 2 X B K
R P 28 YR Ay 75 TR T BE >Nisin Wk BE> T & i vk
LI A M 110 ) L3, Nisin AT 7 B v S8 B S2 00 R
F; SCHIF AB FIIKIT B X4 SRR

MR Hi 400G 19 [l )5 Jr 7 T0000 42 A B 8 90 0% 00 £k B Dy
K A%ER R . 2% Nisin, 0.75% 1 & B . HilF 2560 45 %
87 23R T G I T BB KN (B (1.98+0.02) em, 1
MR 1.84 ecm, MXHRZER 7.61%, FF4TUIHLSR,
VLB B ST R TR v 17, BC AL n, B &t
ST AZ 12 TR 1 00 TR P AR PR — AR R 1 2~3 £, A
AR
23 REBFINE/NIEKE

7 SR T AR B OREE R R R A R ZE AR B R
IR BT AR AL, AT A E W R . Nisin, T & B}
Xif il B ZE AT T MIC 4351008 64, 64 32 ng/mL, XHE A
MBI MIC 2351 64, 32, 16 ug/mL, 20T B0 & fE
75 T A PR A, Ty DL A i 52 DR B 7] T Ay o 2
0L P RIS B ML D 1) e/ NI TRV B2 43371 16 1 8 pg/mL.
AT DA A PR R B S — PR A 0] B A BT RIOR B Ay, EL R
EGBF P BT A P 1) R A 5 2 ER Bk 7, ARGy b % 2 1 A
RO B

Fo6 MNEKBERNFESH

Table 6 Variance analysis of response surface experimental results

Ti 2 U5 H ¥ F P e J; 3
LAY 0.410 9 0.045 10.44 0.0027 *
A 0.300 1 0.300 69.85 <0.0001 o
B 4.802E-003 1 4.802E-003 1.11 0.3274
C 1.300E-003 1 1.300E-003 0.30 0.6008
AB 0.041 1 0.041 9.46 0.0179 *
AC 2.756E-003 1 2.756E-003 0.64 0.4513
BC 0.020 1 0.020 4.62 0.0686
A? 4.847E-003 1 4.817E-003 1.11 0.3267
B? 0.026 1 0.026 5.94 0.0450 *
c? 4.224E-003 1 4.224E-003 0.98 0.3563
W22 0.030 7 4.333E-003
KA 7.177E-003 3 2.392E-003 0.41 0.7531 NGES
BRI 0.023 4 5.788E-003
SN 0.440 16
R*=0.9306 Ri*=0.8415

T IR P<0.05, **3/R P<0.01, T,
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Table 7 Growth of the test bacteria

B E /(ng/mL
TE R SRR (pg/mL)

TVB-N {5} 16.70 mg/100 g, W% EECH 6.54 1g(CFU/g),
e AR PR AR TR R G T (4L, P RE R
H T A D1 28 3 B0 5505 SO A B, 2B A SR A R A

: 212 230 128 O B 10 8 3 bR AR BEE IR AR (RO RON, B B A
S Lo R ERRE RN REKEI AL,
’ﬁqﬁ% TEB P DR LT 77t A R B 4 A e B g kBT,
FAFF ol SRR, RERANEEITSBES TEOH, 5567
G 7 T SM B, IR AR AL 25 A TP RS 14 2
ww - - - -+ + o HULRT UL, &4 CREE T AT LSS 00 i 0t DU A 340
I Nisin MyA, IERZEE MG DRI, B RATAIIREEECR
wg T
el - %8 EXRBHER
fief 551 Table 8 Results of orthogonal experiment
AR AR A H AR, -FR MR oA K S D E G TVB-N/(mg/100 g)
1 1 1 1 11.55
A4 525 OR339 1o FH T 7% 8 0t DL K T 8 ) (R B Ak 3 e 3 3 3 3 9.31
Fe3e 2 TR EE T Z S 7R sS Ak, S5 L3R 8. 9. 4 ! ke 2 8.75
BB AL FOAREE T 20 DESG, BRI IA] 60 min., pH > 2 ! 3 945
5.5 FHELL 1:2.5 (:V); 3 AN 2% TVB-N (H A5 e ‘ X X . o
FH R BN A B EE (m:V)>pH>IZ ML [A] . 3R 9 8 ) 3 1 9:73
AL, 3 AR TVB-N {2 e A B2, S 9 3 1 2 14.70
fif T2 B S 28 B TR DL VKR R 2= 28 8 d &5 R K, 2954  29.19 3570
TVB-N{H }(7.80£0.14) mg/100 g, 54 GB 2733—201X & K, 2933 3367 27.30
A GEARE B VRSN K ) X VR DL A Ks 3192 2849 27.79
EE(<15mg/100 g), R 2.59 5.11 8.40
12 £ %
25 BARMANERMIVKAFMSENTE ., o
FH B —F8 FRAR M 4 TR 2% M 374 I DL 0E 3830 10 7 &
JT, WA R AR R RO X I8 8 d S5 AR DL 9 45 #9 EXEWERNGEN M
SR RE R BRI T2E P, S5 I3 10, M 10 Table 9 Variance analysis of orthogonal experimental restjlkts
ATLIA th, VBN DR R AR K, pH MR T RN, 2R PR AWE B P BAR
R, TIPS K, B R EARS AR o N
YRl o it i HE R R R R R Y, pH T, B G 3: 489 5 1:745 0:026 N
LRI pH K45 A, ARESFIZAIRIL TVB-N iR 176.284 ) 6.529
{EFIE V& BB E GB 2733—2015 (TVB-N<15 mg/100 g) Bt 2027.782 9
F1 GB 10136—2015¢ & Zé 4 E FhRE SRyl i ) RIERIE 187.515 7
B8 7% B8 < 6.1 1g(CFU/g)] il B2 3R, 1 25 11 20 i DL 1Y R*=0.06(J 4 J R*=0.219)
Fz 10 ZEEWRNINE 8 d MREAITESF
Table 10 Comprehensive score table for quality of steamed mussels stored for 8 d
~ " FHME PR LA
ks RS — TRBEAIAL EOA GEPNAL A G
Ty 0.146 19.61° 23.10° ~1.000 0.994 -0.146 0.145
pH 0.018 5.97 5.85 1.000 -1.000 0.018 —0.018
TVB-N 0.436 16.70 10.15 -0.997 1.000 —0.435 0.436
T 7&K 0.102 6.54 5.84 -1.000 1.000 -0.102 0.102
TR R 0.298 2.69 3.77 1.000 -1.000 0.298 -0.298
AT S -0.367 0.367

e AT AR 5B R AT 25 122 53 (P<0.05); TVB-N . BVE B THIRIE R 030545, ARifEfb /5 78 1E 55 i
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A FE X UK LA 1F T I A 2% 8 DL AR BRI E A T T
ik . AL RITEAY, 5 IR EEFIAH L, G PR AT A
L N R RN NSRBI 5 € A S O L X W A (0] L5
(S VARG 4% . Nisin 2% T &M 0.75%)F1 T. L [E & (R 5]
VW pH 5.5 BHE L 1:2.5 (m:V), A 60 min] T2
IR DL PKIR I 5, XHECE R A T B A IR AR AT LR A T4
o LR A A2 T DL B 25 5 P A R 2 T 2 A,
PREERCR AT

AWFFEAE— SRR B K TR . Nisin AT & B
FETK T AR EE 7 T N S, Al 3 b2 A (R e 50 7 i
DURR e e (4 B AR AL T B8 S . A A W AR R 14
FHOT DA 200 2% 2 DL A DRI 9 4% 1 A dif 3 0 5 I
SER AR, ASUAT LASR S 4 S ], 3 T DA /A i DL
16 R P R ST A R 2 RS, A AR TR R R
s,

SE
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