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(1. R RERFRBALFIL, LHRENEE T 5 LRE2AERWRAF P8, Ak REHEMHKE
HELEEZRE, T 210095) (2. ZBEEME A MFRLA RG], ok 247100)

FaZLBRAEIRE & (Nisin) HAext EAF MR R BMAREEAEDOF 0. 534 0.01%. 0.02%. 0.03%49 Nisin 5 0.30%
#) PFE A B iimB| EAEMY, RREEEBBR (4°C) RE. FH. AREREBER/E (Thiobarbituric acid reactive substances,
TBARS) #o i % %4069 £46, 515 0.30% PFE #= 0.03% Nisin 4ErbdR, F) A8 1E &8 ENF AT BTA2 F A S e iE 4 % ik,
%R 27, PFE 5 Nisin £ 8/E 258 S5 M6 LA aE AL bHE (p<0.05), RFMBAKT Sagm i, vl feigi (p<0.05).
0.3%PFE &%t 0.01%7#= 0.02% Nisin 494 3228474 ig 7 BAL69 2R B F48 T 47 e Nisin A= PFE 4903240 (p<0.05). Z B 324049
B RS R IA B F e A2 (p<0.05), HA A 0.01% Nisin 6948 24072 I 585 HA I TAFe9 P 2R, Bid 5
BERNFHAKIL Nisin &5 PFE At ] E3KE B TATE BA 5 o\ BoRE B )£ Ik RAFa947H1 20K, PFE SLA2 Nisin /57T
B EATH EEBO R RMABRAE D AR, BIFRRBFEAS I EIRIR 6957, HF 0.01%49 Nisin LAl 69 226K IRAE.
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Abstract: In order to extend the shelf life and maintain the eating quality of smoked and cooked sausages, the effects of
propionibacterium fermented extract (PFE) combined with Nisin on quality (color, textural characteristics), oxidation level (thiobarbituric acid
reactive substance, TBARS) and microorganism profiles (total viable counts and microbial diversity) of smoked and cooked sausages during
storage (4 “C) were investigated. Six treatment groups were set as following: adding PFE (0.3%) with 0.01%, 0.02% or 0.03% Nisin, and adding
PFE (0.3%) or Nisin (0.03%) alone and adding neither PFE nor Nisin as control group. The results showed that PFE-Nisin combination could
significantly increase the a* value and the L* value, decrease the b* value (p<0.05), and reduce the hardness, chewiness and spring (p<0.05).
Compared with adding PFE or Nisin alone, the treatment of 0.01% or 0.02% Nisin with 0.3% PFE showed better inhibition on lipid oxidation
(p<0.05). Meanwhile, the total viable counts of colonies in each combined treatment were significantly lower than that in other treatment groups
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during the whole storage period (p<0.05), especially the combined treatment with 0.01% Nisin exhibited better antibacterial effect in the final

Modern Food Science and Technology 2021, Vol.37, No.11

period of storage. By high-throughput sequencing, PFE-Nisin combination showed better inhibition on Staphylococcus, Acinetobacter, and
Sporosarcina. PFE-Nisin combination could significantly inhibit lipid oxidation and microorganism, which maintained the quality of smoked

sausage and extended the shelf life of the product. PFE combined with 0.01% Nisin showed better improving effect on the quality of smoked

and cooked sausages.

Key words: smoked and cooked sausages; propionibacterium fermented extract; Nisin; oxidation; quality; microorganism
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Yo TEA TSI B TR (R B S U7 9 2B A
FIEE RS I, Nisin X452 QPP B B A R 440w
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PFE HBSRAE A TREA IR AR Seft, 32
IIRERSr: TATR 435.9 mg/g. BEIANZ 22.21 mg/g. F7
BIR 19.42 mg/g. 2R 13.29 mg/g FIFLEZ 3.25 mg/g;
Nisin HW TR GAEY) TREA R A IR AL 5 RyE
W S T YL 9548 W B S R A

=& L& (Trichloroacetic acid solution, TCA),
Eiga A A R A A 2-BACE B % R
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FRoaE]; P EEsiE (Plate count agar, PCA), 1k
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4H; T1: 0.3% PFE &M 0.01% Nisin; T2: 0.3% PFE
S 0.02% Nisin; T3: 0.3% PFE & 0.03% Nisin;
T4: BPIZNIN 0.3% PFE; TS: BRI 0.03% Nisin) o
T20ikE: EREERRA R L, H 4 mm
FUBCK S R RS 15 e, $4 I 401 I LUl &
Jei, IOANBCRHE YL (1400 r/min, 60s) 784757
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72 C, BERERGETHRETIRT 4 CAES
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st PRI U] 73070 psio ) v RS R B A, St e 22 AR
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JE K D65 St 8 mm W EARTE R K 2 “ML A
JHRERRIR A L* CGRERE). a* (ZLFE). b* CGEED) fHik
1T
133 JAyag e
22 Wu SR RIS B RE S
1 cm JEXUE ) TR R BORE 831 s 1 ems EAR N
1 cm M A4, % BUGE Z (Hardness ) « 3 P
( Springiness ) « MH Mg £ ( Chewiness ) F1 [5] & 14
(Resilience) 4 TR AR KRN TEE & IR
PRk, JEE PSO PR3k, MESHUT: ME ARk
M 2.00 mmy/s; WEEHRRIERE: 1.00 mm/s; PHIX
DS IR E]RG: 5.00 ;s MEEAGLL: 50%; W5E 56k
Je A B R TR .
134 A ZE AL ( Thiobarbituric acid
reactive substance, TBARS) #9];€
%2 Zhang Z W VEFFISIE S . FREL 2 ¢ B
W ELEY, A 10 mL 7.5%M =& LB, UK
AT 2 ¥k (12000 r/min, 20 s/7K), SJHMT 4 CHI
12000 r/min &5.0» 5 min, H{ 2 mL E3&EDIA 2 mL 2-6%
AR EE 2RI (0.02 mol/L), 95 “C/KIBIN# 30 min.
AREERE, FAEROONE FERTE 532 nm K
e, RS CA=S 2N 2-Bi A B b2 R 2
WPHR . BL1,1,3,3- DU 2482 P e b v VA 2 o s v i
2. TBARS 1HUAEE 1 kg AT S A B
(mg/kg) KRFER.
135 HHELEHNE
J5: 18 GB 4789.2-2016 {13 Sl i AE W) 2 A0 50 1T 7 e
Hose ) e,
1.3.6 DNA REE &l 205

DNA 2825 Yang 25792, BUMI R 18] 54
(IR, TRECAN TR . DNA J5, it 5348 0.8%5x
AR FR kA I il A o T e = . KA
BH e A 8 m SR AL 77325, XPAHTER ) 16S rDNA
(1) V3~V4 XT3 G R EE SN, (Polymerase chain
reaction , PCR ) ¥ #4, ¥ 34 5] % N 338F

( 5°-ACTCCTACGGGAGGCAGCA-3’ ) A1 806R

(5-GGACTACHVGGGTWTCTAAT-3"). PCR 14
ZHON: 98 CTIAEME 2 min; HENIEIR, 98 CARME
155, 55 CiEB-k 30s, 72 CZEMH 30s, 25~30 MEH;
BJG— NN 72 C. 5 min. ¥ ~4iE T
AgencourtAMPure Beads Ziift,, i Qubit 3.0 ZGTHE
&, FiET Nlumina MiSeq T~ 547 DNA ¥

L4 Hgmi

P S 3 Ik, B SR LTI EE bR v
7 (SD) Fr, K SPSS 17.0 Bttt seub A AT
Guitortr, FRARFRRZERRE (p<0.05). W7
5% Xue S, B E EMEWES R
(Quantitative Insights Into Microbial Ecology, QIIME)
7E 97% M) B 5 /KT F T OTU RIAN G 84090 Hr
Bt QIIME Al R #: %} Alpha ZFEME (GRS
Shannon 1 Chaos1 #5410 #7407 . A FH AT AAL T A
GraPhlAn Z:Hil 73 550 AR ISR I A . F R
AT R st e, DL g UG A ]
(17 SR I ARFAE -

2 ZR51He

2.1 PFE-Nisin £ Bt & & & 7 € 8 %

R 1 FTUVEH, RN, RRCAR) L*
(B 25 5 T BN N Nisin FALFEZ (p<0.05), FERT
7 d, HHISIO PFE [ORE S LR 2 w128 g
H (p<0.05). WFFTRARRM IR SKY S EE R
FIEASE, Lawrence 25 VR AL IR Eh AT H i 4 A 4%
KM, X EER B A URERIG R 7 R TR,
R R AVEI, BRI IR RS &
e A I BT 3 PRE & A AR EE . FUEREE
SEWIR IR AR S, £510d, I
0.01% Nisin P 25 i T H e AL R4 (p<0.05),
UL ZE I LA B T s s, R )
P,

FENCFIEE 1 A0 7 d, SRCHR a* i 53w T 5
AN PFE HIALFEA (p<0.05), i A AT HE i
BEMMAEE; 51 dHEE, SRI0HM axE7EH
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4 d BREFFIL (p<0.05), (H MRk ] ZEK 22 10
d B, ZECAT) a*EEE BT (p<0.05), TSR
I Nisin ) 4 2 2H A0 xsF BEZH 1 20 B A )G 3 38 22 5

(p>0.05). A JE(EEZEZ RS E A, P
WA AR ) E BRIV B S 2 A A L 4
FEE AR, Kim 20 0% BLFLIR H BAT B P E A B
71, RetE R RINALE AR RS, TR B faE
ST O ZH A1 A T v i DR AT e A AR 38 T DA B 4 i 10
ML R AR5, DA 25 5 5 e AR

WIS VRS PRV 1] et o () s e R — B
FERATH (1~4 ), B T ERC 0.02% Nisin [
b*E TR E AN, SRR e A F Y B2 BTt
(p<0.05); FEET I EFER:, S 0.01% Nisin
) b*{E 22 FEAIK (p<0.05). 45528, PFE & Nisin
JE S E IR TR BT, BRI,
PRI T E I o] AR SRR, 80K
FEEAE T R, 8 N A2 i A B i B A St A i S A
B A s A

Table 1 Effects of PFE-nisin combination on the color of smoked and cooked sausages

e 5 AT 18] /d
547 485
" 1 4 7 10
C 69.03+0.57°8 68.41+0.40°C 68.52+0.85°EC 70.30:£0.40%A
Tl 69.82::0.64%8 69.07+0.72°¢ 69.23+0.71%8¢ 71.19+0.36*
L T2 69.36+0.56%EC 69.70+0.60%A8 68.98+0.34%C 69.96:+£0.43%4A
T3 69.75+0.51%A 69.79+0.68* 68.82:0.48%8 69.57+1.18%
T4 70.24+0.64% 69.71+0.57%® 69.3440.44%° 70.57+0.29°*
TS 67.71£0.30%° 67.30+0.77%5¢ 66.99:0.59C 68.46+0.40%*
C 4.67+0.20° 3.09+0.11%® 3.04+0.11%° 3.09+0.06%
Tl 3.85+0.26% 2.96+0.08° 2.84+0.09 3.30+0.13°B
i T2 3.85+0.07% 2.96+0.09° 3.10£0.15 3.45+0.09"8
a
T3 4.09+0.10°* 2.97+0.10°¢ 2.79+0.10°° 3.26+0.14B
T4 3.64+0.26° 3.0440.12>8 2.6440.12 3.55+0.08°
T5 4.86+0.16 3.36+0.16° 3.29:+0.09°8 3.23+0.07°®
C 7.99+0.248 9.05+0.20° 8.79+0.324 8.75+0.40%
T1 8.54+0.18% 9.27+0.24% 9.06:+0.19%8 8.57+0.05%¢
o T2 8.35+0.22%8 8.28+0.418 8.99:+0.16%4 8.93+0.11*
T3 7.67+0.42°C 8.27+0.30® 8.9540.27%A 8.69+0.17%
T4 7.5240.58 8.19:£0.42°B 8.78+0.19%A 8.30+0.14%8
T5 7.97+0.29"8 8.67+0.36™ 8.67+0.28° 8.80+0.07*

vE: C: xTEBZA; TI1: 0.3% PFE .8t 0.01% Nisin; T2: 0.3% PFE &% 0.02% Nisin; T3: 0.3% PFE &2 0.03% Nisin; T4: #
JAHm 0.3% PFE; TS: #4:i7%Am 0.03% Nisin; AR5 FaEA 7 F 5] H 69848 27 2% (p<0.05), KRB KB FEHEFR4TE 694035

2FRRE (p<0.05), FR.
2.2 PFE-Nisin & B xt 2 & & iUt 8 3% vl

f2 2 WI%N, HMERIN PRE MR 2K T
FFIN Nisin FIAHEA (p<0.05); 7255 4~7 d, HRi
0.01%7F1 0.02% Nisin A FE 351423 /N T-500F HE A A o
VRN Nisin (LB, i B2 G ] BEAIC 2B & A i (1)
. PRt E S H A KEERICR, 2R
KA . BEIREL A VIR W] LA B 1 B AR
ZER L BN PG R R R v A ) P AR A P2
Meltwm PRI FekEE R AT 0 R FO S
RIFTFEIREAT W S MALE . Berge PR BIE
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B E B AL R S PRE H A AR A L ER
HKo MAh, ERGEIARE, HA SR 0.01% Nisin 17
J e P A R A RSB AR A, R IR A8 /i B A
TRRER IR P AR E

TE5 7~10 d, EMC 0.01%F1 0.02% Nisin AbFEZH 1)
PSS B SR T BN N Nisin FIAREEZL (p<0.05),
=1 e 2 7T O e 2y o b w7
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T R W] B2 B AR EE nT ) B A, PR
& A PIAS B PR 1) BT . FEEEAN R ],
AN EC L R AL B () e B2 22 e, AN
S LA B i R s e AN 5 2

W 2 s, R4 /110d, SECHAKNEENE R
ZART BN Nisin FI034H (p<0.05); HAEHEAS
WRCHI, BRI PFE (AREEE 28 /N T BBk
Nisin A4 (p<0.05). Mohammad 2557
A I SR SR TEAR DG, WO C A RH g
(IR AIG 5 LA () AR A 5 FETEJ A], SREE 0.02%
Nisin FJACFEAH I ER B RE (p<0.05), THE
SECLLE NE A R A B R, BT 0.02%

(1) S L AGAN R T 22 28 5 i nEL g v AR

FEN O RE R, BREE 1d 4, BBhNIN Nisin () [E]
SR EE T EARH (p<0.05); £ 7d &
Bt 0.02%A1 0.03% Nisin [R5 14 2 2 & T SN
PFE FIAbEEZ (p<0.05), UiBAINA Nisin A ¢ & &g
IR, BREE 7 d 4b, ERCAIEM IR ST R E
7258, ULHAN RS C LL ) 2 i P [ 42 M s AS 2 3%
JTAEPRE PSR VPR PRI i) it o R R B R M (1) E B AR
H5r=REKy BREA. ARG ELS MR E
R, LrA U BB S A, PFE REL—E HLf
(17 Nisin (& GHEEEF, AR T EZ 5
AR IR .

........

Table 2 Effects of PFE-nisin combination on the textural characteristics of smoked and cooked sausages

sk sl = 588 B 18] /d

T Z

? | 4 7 10
C  2080.49+124.47%C 22528847136 2409.85+115.51%  2530.71+121.43*
T1 1929.66+123.27°4  1966.12+179.34°*  2148.94+160.56™  2116.67+208.00*

) T2 1965.79+83.16°8  2083.28+123.45%48  2045.63+48.18"®  2208.70+145.63%*

B

- T3 213823+110.41%%  2151.00+£58.90*° 2398.37490.26™  2258.31+149.89*AB
T4  1918.63x161.17  2031.63+88.39°*F  2064.13+121.95*8  2144.14+213.35%
T5  2167.96£173.12°®  2276.57+89.83*B 2428.94+62.42*  2404.37+137.03*
C 0.85£0.01*4 0.86+0.01* 0.86+0.01%* 0.86+0.01%*
Tl 0.85+0.01%P 0.83+0.02°8 0.85+0.01%4 0.84:£0.01°P

it T2 0.84:£0.00°4 0.85+0.01%4 0.85+0.01%* 0.85:0.01%4
T3 0.85:0.01%P 0.85+0.02°0B 0.86+0.01%%A 0.84+0.018
T4 0.80+0.01% 0.8440.01 0.83+0.02% 0.83+0.01°
T5 0.87+0.00° 0.87+0.03** 0.87+0.01%4 0.88+0.02%
C 1188.09+90.82°¢ 1311.59+49.058 1425.08+76.95 1504.83+103.57*
Tl 1093.04+101.31%*  1055.96+143.86%"  1192.17+129.43%*  1202.73+117.74°*

T2 11272244724 1189.44+93.86°%E 116131435588 1263.91+132.31%*

oH

n Vg:.’r:
T3 1231.29:£99 9524 1234.20+70.40%4 1372.69+74.84* 1250.59-£144.33%
T4  1046.45+133.67°*  1119.71£29.31°%*  1090.31+113.40°*  1161.82+142.92°
T5  1304.53£105.90°®  1421.52+203.10"  1482.14+38.39* 1486.89+97.43**
C 0.31£0.01% 0.3240.01 0.33+0.01% 0.33+0.01%*
Tl 0.310.02% 0.30£0.02* 0.3120.02° 0.3240.01%4

— T2 0.32:£0.00°4 0.31+0.01°* 0.31£0.01%4 0.32+0.01%4

-~ T3 0.33+0.01°* 0.33+0.01% 0.32+0.01% 0.3120.0254
T4 0.324+0.03% 0.30£0.01°* 0.29+0.01% 0.31+0.01°
T5 0.34+0.01% 0.36+0.04** 0.35+0.01% 0.35+0.01%

2.3 PFE-Nisin & Fxf 2 & & M fs i 1t oy %

e
JE I FE R A2 S U ] i it T 2572 ) B o [

Z— AT AR IS R AR 2 {5 PR B B AR O,
T U S TS FRME R, RIS Ie = A ey
TRIBESE. BRSSP (e e, S i
i E AL E A TBARS fH>k%7R, PFE 5 Nisin
ST TE 3 A e TBARS {EAIRZANE 1 BT
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7o FHIEL T AT, 528 UG REZHAH LL, 4b2E4H () TBARS
B35 52 2 A% (p<0.05), i8] Nisin Al PFE 5 0] #111]
fEWiE . FEN R (1~4 d), AL 0.01%F10.02%
Nisin [f] TBARS {H5% ZCT #4750 PFE (4b#
H, TRAC 0.03% Nisin B U5 § AN PFE Jo i3
Z5, UK Nisin A8 5 E IR mPiEib ik
B BEAEMEPIRT AR, BEF I Nisin WK T
G R TBARS {H 2P NG LTI, B
Nisin FR FERE st S AN T4 i i 4 e o AR5
POV B, Nisin 5 FUHR . FLERENAN 70 RH R IO v H1 %
DR B RIFr AR, HE SRS
250 mg/L Nisin+0.25%75¢ S+ 1% LR A+ 1% 7LER . 84
P, Nisin PHE 0.5%JLINT YA 5155 IR IR 5
AAINHIERA R . BFFER M, Nisin E1IK pH 25 1F
TSRS, B pH 1) B R ERET R, i PFE
5 Nisin =AW EE 0 EZE A PFE 1 I THRR .
FURSFA NI Nisin $24L 7 1& B IRRIEIASEE, A
TRIE T RIEFIIPREESUR .

0.6 —C

wzza T1
= T2

TBARS / (mg MDA/kg £ )

[E 1 PFE-Nisin SR EEEAS TBARS {HAIF/NT
Fig.1 Effects of PFE-nisin combination on TBARS values of
smoked and cooked sausages

JE: C: FFR84E; T1: 0.3% PFE &A% 0.01% Nisin; T2:

0.3% PFE & At 0.02% Nisin; T3: 0.3% PFE &2 0.03% Nisin;
T4: $3kAHm 0.3% PFE; T5: $£4R7AAm 0.03% Nisin; AR/
BFEATAR R T REKEAN G 232 F

(p<0.05).

24 PFE-Nisin & Fxf &2 & it % & 5 %

e

NIRRT AT R, A O B A
(RO ) HAZE K 25 28 d, WSyt 2 o T 7 A )
Ak, R 3 A, A4, AR R T
R EBRK (p<0.05), BLBAASINFIAE AN g ) 2%
DU T RIFRIIME SR . Taylor SPWIstEH], TR2
R N R AT DB TS, IR B R AR
EEE SR B, Nisin 383 W% IR 7E A E P 4 s -
v 07 NA 0T Bt cS 1 s e s/ i ESS b7
To. b, RO AT S BN T RN
I (p<0.05), i B FCAbEERE B H = i (140
WS, EKFBIORTL. DEPHET5e &P, Nisin
SRR RO KT B R ID T IR B AN 3 (]
TIERT IR I D R AR A 5 R e
T2 R SR R IR A B, Nisin FOFTARTE
W TREFAE FBGBUER, HE R ARG . 7
BHR 1.20 ghkg. M ZERHH 0.97 g/kg Nisin 0.16 g/kg.
TEW RS (21~28 d), EMAL 0.01% Nisin IE 7 S50
BERTHEERYH (p<0.05); 7E55 28 d, EHhL 0.02%
10.03% Nisin (B 74 S35 C 40T GB 2726-20165)
HH PRI R VR B B e 2 A PR ELE S 1g(CFU /),
BRI O 22 R AR S O J5 , T 52 0.01% Nisin 4L
AT AL T2 A, BRI 0.01% 52 FC EL A1 1T 7 T3 4
R 2P A AR R B, 24
FKELWYWT &N, BEE Nisin WRERIBK, HhlE
(HIER 2SR SE I8/, MR Nisin MR Sy
FRIVEF MG TR A K a3 R
AR ) E LR ] TR S RIS FE H (0~4 O,
AP IS BB B e A, ATh AR A £
JT, VAN 255 P40 B 7056 A PR i it 1 CR o B AT
TRA AR G L,

# 3 PFE-Nisin ERES TR S (CFU/g) 1HI%M
Table 3 Effects of PFE-nisin combination on the total bacterial counts of smoked and cooked sausages
e g i 1) /d
7 14 21 28
C  47240.04°  4.75+0.08°  4.89+0.06"  6.12+0.09°  7.08+0.06*
Tl 4112009  3.7440.14°  3.75£0.09°C  4.54+0.15%*  4.60+0.13%
T2 436£0.09C 3.79+0.06°° 3.72+0.07C 4.96+0.25%  520+0.13%
T3 3.97+0.16C 3.56+0.08%° 3.57+0.09° 4.86+0.09® 5.60+0.16™
T4  448+0.05%C 424+0.07°° 4.15£0.06"° 5.16+0.15%  5.73+0.03%
T5  4.13£0.08% 3.77+0.10°°  4.22+0.14° 5.75+0.11°®  5.99+0.10°*
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25 EREMEMED SN
%4 RIS EE B EMS A

Table 4 Species richness and diversity of smoked and cooked
sausages during storage
e A 18 /d
14 28
C 41017 20637 52062
T1 41611 33589 27207
T2 45312 57563 28058

KR 283\

FoAREHK
T3 31136 34108 45800
T4 29860 20196 58901
T5 38411 49146 48268
C 460 262 522
Tl 472 268 479
T2 478 363 381
OTUs
T3 412 306 477
T4 430 317 511
TS 422 404 459
C 527.13 29441 595.11
Tl 55450 349.16 527.25
T2 54930 423.02 430.23
Chao 1
T3  513.02 339.89 543.09
T4  508.53 413.83 57745
T5  480.52 446.06 513.60
C 3.76 2.33 3.69
Tl 3.88 1.76 4.09
T2 3.78 2.17 3.70
Shannon

T3 3.74 2.46 3.71
T4 392 3.09 3.61
T5 3.99 3.93 3.80
C 99.8 99.7 99.8
T1 99.8 99.8 99.7

oo T2 99.8 99.9 99.7

BEE%

T3 99.7 99.8 99.8

T4 99.7 99.6 99.8

T5 99.8 99.9 99.8
HHF 4 a5, 2 AR AN A T
REFHIRRZESY 318 37905 3413643644 3701536319
F1 45275 /> AR IR ZH BT & AR IR R AT 2 572
AN ) A 1) B A B T T ek B ) PO B A W R T
PP AL AR 25 5. T AL FRL ) Chaos 1 5
Shannon ¥R NG EFRERA, RIHEERY
HHRT B 2 AR 200 T RIS B S LR AT,
TN B 000 % 26 0 1 = B 7 AR 1 B S Ry 4 )

P, AR Tt 18] (4 S A £ P Tss, =
BOVTEUS ICEY A R BTt A R R I
Wi FEEITE 99% VA L, UEHIE g b 32 E A e
I, AKYE AT B P A 2 R

26 EEBFMNMAENHBEENE A

B 2 A 28 d TS INGRI S RO B A A I A
PHRFEE A IIRE . FENETHA, AN A A ERH e
SEM AL, BB R A A S R
(Acinetobacter). 7KiTPJ& (Hydrobacter), P& FF#
J& (Psychrobacter). {5 At )& (Pseudomonas) %5,
TEWIRIES 14 d, AREACERAIHEEISE B 252,
B BN N Nisin FOACERZE AN, Hoe A HELH 55 /R K &
(Ralstonia) IS =B SURI_E T, BONZERAT A s
TSRS Nisin (FIACERLH (IR A TE N A ST 1R &
WEAFFR R . 2 SCAFE & (Mycobacterium) FIEA K
PR (Tsukamurella). [FJR, BBARIN PFE [FALEELH
(R FF 5 )& ( Phyllobacterium ) A 1 18 A= MR 1 )&
(Mesorhizobium) LB EF, BOATRABERE. 7E
ORI, SRR NI Nisin OB BELSFIARACL,
BN EHEIE . AT HEE B A R R R
MW & SRRESIN PFE (ACE A, W4ATEKE &
(Staphylococcus) HIAHX & & ETF, BRI R
[FIEF, AR 2E7 )\ SEK# 8 (Sporosarcina) [I4H
XFEFEF R, BRI TR FECT R
HA N B ) B A

W, Nisin X 5522 [CPH 1 T 140 18 R 45
U, T PRIR B G BRI %of 3 22 [ T 1 B B A s )
HAE AP SR R 3, LA L R A
Nisin [FACERAXT AR (G I H B4 (4B
RS TS HES N PRE AHLG, SO 4 % 2R B
& (G HAHEIFMENR, WHERGEY K5
PANEEE, EKFMRI. A EESE—KL
P TR AR E RRATETE, SRR T A et o
WOCBR A A Ja B, AEIE AT BN 5 BRI AR SA pR A
EAEE, AR R E R . Rk
PR B T 75 B IR 22 IR P B, A2 P b
e DL MO, b B R A ER TR 2 T R
BN EEMEMZ —.

AW TR HIE it — PRI T AR 1)
e B HR RF A A A e 22 S, SR 3 P
N HH L ORORF R R, M OFRRFE R,
HHAEIEEAR TR, 7E58 14 d I, SAbsRZH A
X FESSART A, BA A = P B () R 2
B NS B, X5 2.5 R 2R
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gE R EV AR (1~14 &, RFEK
AEFRLARYEIS 1A) 70 BR3E,  [R]— I [A) RO AN [ Ab ERZEL 1)
PRTFEES FAREL. (ELE RS B (28 d), S 0.01% Nisin
(AL ERZE B RF AN SRR, BERAFZEI B I S e Ak
PRI R B SRR R E R, HEHFEEERT
FHoeiod . AT HE SR, ZIC 0.01%[1) Nisin
S S A B A9 )& (Vibrionimonas) 3l H B 411

FHIVER . Salo S0t A= AR S R I
PN TR 5 2 2 SRR 5 4, FEUFY)
(EIEEIS. Duan ST T AN FEGEE T B i)
TEMIRIEL, KIAE 0 "CHI-3 C oA T IIILSA R
ORI T NG e, P AR AR R R b 2 E
JEETSCIRT » 45 45 T A PRI 45 SR AT LA 0.01% I R L
BB AT SR RE R ) E L IR -

1.00

Proportions
[=1
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Fig.2 Relative abundance of bacterial community in smoked and cooked sausages during storage (at genus level)
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Fig.3 Heatmap of bacterial community in smoked and cooked sausages during storage
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3 Z5ig

ARSI A i SRR 7 A R A S e
FFFC T PFE-Nisin & FC 5838 25 g Je 300 1) ko 114
520, PFE &ML Nisin 7] 32 52 0 E) L*E AT a*
1B, FAAR O (Es [RIE AT S5 35 BRI 7 P PO Rl P R EL G 12
PEfm e R . FENIEIIEE 1~4 d, HE 0.01%F0
0.02% Nisin ff] TBARS {f &A% T 20781 Nisin A1
PFE [{IACFRZH A e Ab FHA A T8 V% B B AN ek 3
[F] 345 55 2 /N T S AN I AR B4, HL 0.01% Nisin R L
ARG AR T SRR, SRR K. Eid
SRR Z REESE TR I,  EEC NI & A
Jia e JER A [ (A R R 4 K 7 A T S 3 R TE 5 1,
AR BB E AR, (RAE I S, &
BCACEEXSASENAT B IR T A K v A 21\ Bk v
SRV EEFAIGHIER, §OR TR 2% Bl
1, PFE &AL Nisin J5 ol 30| & F W HEYH
B2 AN, IEIRE A KRR Ak, ST
PR A I e U R 1) 5, Fed 0.01%0F) Nisin
SR ZR G RN R 4F .
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