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WE.[H B‘J]Lactiplantibacillu& plantarum JB1 & A &R , B B A P e 97 1 AR B 75 PE X B ARTE & B vk
M SEBR I AR . [ B 144 L plantarum JB1 R0 EF W AEATRIIEE R 48 (20 °CHI 35 °C) ikt K%, DORIER ik
F SR K B2 vt BRI 58 2 b & I8 T SO B B R e B ) AL A8 0 BRI R AE W Bt [ SR ] A
L. plantarum JB1 R FEANF I pH HE 4.60 2247, AN HIAFF A K 10° CFU-¢7' LA I R 3F 28 LSTR85/ ik
MEERAS &, AR TR TR R, 3R RR M 20 CH e ZE 35 CH R T kB I H B 5 B
Pt A0 T A e S i, o BRI B A TR R B B N 14.45 F1 57.01 mg- kg™ o 5% BRATHT I, 42 b
L. plantarum JB1 X} 8 Fh A My e & B 296 W HIVE A, Az W e 5 B i v [ 98.26 mg - kg™, PR8I 30%, [ 4518 ]
L. plantarum JB1 ELAG R 8 HrE2 0 IR RE ) , 0 LA 0 1R % I sl B BE B 7= it i B S RE AT 3t 1l 2 e 1 5 2, T g A
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Amine-reducing effect of Lactiplantibacillus plantarum JB1 inoculated
in fermented sausage at different temperatures

QIN Shan"?,ZENG Xianming'*,SHI Jie"* ,RUI Xin'*, JIANG Mei'* ,ZHANG Qiugin""

(1.Sanya Institute of Nanjing Agricultural University ,Sanya 572025, China;
2.College of Food Science and Technology , Nanjing Agricultural University, Nanjing 210095, China)

Abstract ;[ Objectives | Lactiplantibacillus plantarum JB1 derived from fermented sausage. It could degrade biogenic amines in vitro
and the practical application effect of L. plantarum JB1 in fermented sausage was further evaluated in this experiment. [ Methods ]
L. plantarum JB1 was inoculated into sausages and fermented under different temperature (20 C and 35 °C ) ,with the spontaneous
fermentation group without inoculating strains as a control group. The physicochemical parameters, sensory quality and biogenic
amines contents of fermented sausages during inoculation, fermentation, drying and storage stages were measured. [ Results ]
Inoculating L. plantarum JB1 could rapidly reduce the pH value of sausage to around 4.60, and effectively inhibit the number of
Enterobacteriaceae by more than 10° CFU-g™'. In addition, L. plantarum JB1 could enhance the degradation of protein ,increase the
content of small peptide and amino acid nitrogen, and promote the texture formation of products. Increasing the main fermentation
temperature from 20 °C to 35 C was conducive to protein degradation and texture improvement in fermented sausages, but also
increased the biogenic amines content. In the control group,the total amines content increased 14.45 and 57.01 mg-kg™" after drying
and storage stages, respectively. Compared with the control group, inoculating L. plantarum JB1 inhibited the contents of eight
biogenic amines in sausages,and the maximum degradation amount of total biogenic amines was 98.26 mg-kg™", with a degradation
rate of more than 30%. [ Conclusions] L. plantarum JB1 had stable and continuous amine-decreasing ability ,and was less affected by
fermentation temperature ,which could be used in the fermentation and production of low amine food.
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A=Wl — RN IG5 BRI R T BA VLAY o e B2 A W AN AN 23 ™ B 520 22t JXUBR
Wt NMEA T EER, TR LR S G RGERIFIR RGN LR SR e 8RR R
Hh B BT PR R AL AN AR B Y VR T Wit ™ AE = i B IR |, J5 WAk ) B IR D R e 0 4 P A A=
Vil KRBT HAY) 5255 R R EKFry A P, N A 22 4 Bl fa B A DA ke 42 o)
R YRR R R S e T — RATM R, Az P e — B AR AR 38 o $4fim T
BORFBR, T H R 9 A He 7™ i (1 = B A 3 g B 0 1) T R 19 712 DA Ske b 42 o A= TR 8, AL
TF 25 T FH A 00 B A ot T 8 1Ay THE SR TR PN B il 22 e R A

—BL % I T PR A0 FL R T (lactic acid bacteria, LAB ) il %E [ i [ P4 % 45 BR I8 ( coagulase negative
staphylococcus , CNS ) TL B 1 FHAE & e PRI it i 27 52 I e e T AR AT A 0 e ) S8R AS SR e T P9 T
TRAE I RAEAE LA B R IR (5 4 R8T B 23 sz B JE0RE T A I T4 AR S B 2 i s min 7 i n T 3 1 e
S R e A g v ZE I R R 2R S B A AR K IYS2 I . Gueiikoglu 551 78 + HH B WA ik 46 rh i & 1
2 MR (26 C 522 °C) , RIAERE = A9 B EE (26 °C ) T ANIR] A BRI 0T 5 Jie 7y e ik A R 15 58, 90T, XoF
ik Jlie 1) 6 i B A S0 35 52 I, Casquete 289V BF 28 T IR EE (12 C 1 7 °C) %} i FL IR A BR i ( Pediococcus
acidilactici) 5 Y B B BR T8 ( Staphylococcus vitellosus ) ZH A M & 791 B9 A 4 RIS PR A 5200 | 2 B0 5 1Y
KR (12 °C) A% T BB AE YRR R OR . BeAh A S8 % I ) A 25 5 ) 7 i 1) LAl 8 0, Gn g ik 5%
M J5F P R 7 A AR R A e 0 T M KGR 7 R e 0 B8 A SR T 4% 2 X I BT ) B RE R AT 25
B

AV AT 2 A2 0 B — bk B A IR SRR Ve BE 0 BLAF A IR R T R oK By FLA R
( Lactiplantibacillus plantarum JB1) , 3 IR S5 M BERIT T HREREHLE] it — 2RI M B A R 1
SERR G O, A5 8 e L A AR A B (20 °C) LS iy % i & 8 (35 C) , P4l L plantarum JB1
TE R BRI T I BERRICR: | B A T R IR R R IR 2%

1 RS

1.1 #R5iRF

Lactiplantibacillus plantarum JB1 73 B A KB , A7 T B SR A B A S0, R I
WA IR R A SR T, e CER R L O MOk ) Y0 B R SR R T

MRS 53538 45 2R ERBUIE ( VRBA ) Br 35 3L CSEARCTT IR (PCA) 53R 360 A S A
Al AW (A e B I R e R e SRS ) B R TR A R A B L A0
gl [ 2 e AE R A R A F L, DUBIEREN . T e SR RN AP E I p-Fidk LW I ER Y
H BT Tk A F], SERA S ER BEER AR | ELES | £ DU LR I IEEE AR I H Adamas A F
1.2 U FE5iEE

PB100 FHF=UA 3 WL H P2 E Prima 23 7] ; Waters—2988 =1 % AH (4 1% A 1 H 26 E Waters 23 &) ; F4F
3 pH THIA A B R RGN FRA ] 3 BSC-250 1H IR 1H I8 & BeAs W [ - 5 e AU BR 2 7] DHG -
9420A A A LA R A FRA A s EZ TEST BiAg{A H H A A /s CR-10 fE#E A 2200 B H
A Konicaminolta 2y 7] ; SuperNose— 14 H, - &1k H 3E[F ISENSO A F]
1.3 KA E
1.3.1 L. plantarum JB1 BEEASH L. plantarum JB1 4= 5E M 7y 230 D148 35 R A W) 58 B, 42 3 A
Y5 B B A AR DGR B C 428 NCBI $5di 2 | L% (R FN ks 1Y 7 51145 CP097175 it CP097180, LA
AT 16S rRNA FPRIAE R 35456 22 JIWE, 5 2 8 A LR T AR vERR R4 T EE X, R MAGA 7.0 F i &
GREW R PUBRIEL I R B, HEPEC 50 a2 SE R 4L 7 B AR 9 2L AR X B k. WCFS1 (NCBI
RS AL935263) 5 IDMI (B 55 CP001617) fE A S % bk, FIH Orthoven 5 (https://orthovenn2.
bioinfotoolkits.net/home ) X} 3 MRAH Y ZLAT T AT I GRS, BI(E B BN 1xe™ il 3T GO B X [F] U5
FEHHATIER T,
1.3.2 EEBEFEBEF 1) FAEyJFORHA (R Hh 2 :8) FRIEIRIK LW, ks, PR i oy bk, ¥
o A R R K T SR T e, S A R R R (20 g L' ER,20 o L7V HEME, 0.1 g- LT RN RSN, 2 g- L7
D-SHURIM AR, 10 g- L7 IV, 1 - L7 MOKE ) A5G MES] 2 h, 2) REERIHI4 3% 50 g- L7 H2Rh G
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fk L. plantarum JB1,37 °C [ §#EH; 7 24 h, MRS H & (10° CFU-mL™" A _12)8 000 r min™" &0 10 min , B
0B 1:100 He@ S s A, AR BER K VR 2 WG BB AR, B o BB b 22 Bt 5 10 DRk PR AP IR
TE T BURAE N 10° CFU-g ™", [ DAANEE B [ SR & T4 5 A
133 EZBEBIZRE HERE L INTRAR ST, £ LEER G 0.2.4.7.30 dC N FREN 01 A
PE 52 B 72 U I 0 B T AR T Bt A R I 5 B B ) 43 S EBORE | LA B 1A TR DA AR

x1 AXBEEHHNIZHMEBREMILH

Table 1 The stages and processing conditions of fermented sausage

Fir Bt A I f)/d Gl
Stage Processing conditions Time Groups
A 5 o 0 d-CK
Inoculation =107 CFU-¢ 0 0 d-LP
ik 2 d-CK
Primary fermentation 20 °C, RH 85%~90%,2 d 2 2 d-LP
ve s 4 d-CK-20 C
}iayi'ﬁ% 20 °C/35 C,RH 85% ~90%,2 d 4 4 d-LP-20 .
fermentati ’ o 4 d-CK-35 C
ermentation 4 dLP-35 C
7 d-CK-20 C
T 50 °C,RH 90%,3 h;55 C ,RH 80%,3 h;55 °C ,RH 60%,6 h; 7 7 d-LP-20 C
Drying 50 °C,RH 60%,18 h;45 °C ,RH 60%,3 h 7 d-CK-35 C
7 d-LP-35 C
30 d-CK-20 C
T3 HZs (U 4 b 20 30 d-LP-20 C
Storage Vacuum packing,4 °C storage from light 30 d-CK-35 C
30 d-LP-35 C

1 : RH: HHXHEEE Relative humidity ; CK ; % #82H Control ; LP ; 341 Inoculating group. T i) The same as follows.
1.3.4 XEBEEBES/KES pHENE 1) S/KE RAFETEIED JBUS ¢ #HE T 101~105 °C T4
HOIFA 2 b B SR, B TR MR AN 0.5 b FRiE, R TR RS 2 IR 2Z AT 2 me, BN TEE
2) pH {HIE . B 10 g FE4,90 mL A BRER KR AR 4 °C .20 min #2575 385 F pH THIUE
1.3.5 RBEBMEMENE TR TR, I 20 ¢ B 5% T 180 mL Joi A BEL K, FIZ1
PRIGIRE) R FER BT B B, WU B T PCA AR RE 353E |-,30 C & F 15 5% 48 h IR 4o it 40 E
MBI ET MRS BAREFR3E 1,37 C AT RE9R 48 h IR Geih ZL IR 40 i 8., W LR Bl T
VRBA [E{AEEFR5E [ ,30 C &M T 1SR 48 h 5 S it i R4k,
1.3.6 XEBEEBAAEEASES SDS-PAGE IE 2% Toldra %" BB TE RIS F 0 8 R BUR
1) AT S R L B AR A RO 5 % S i G-250 e fh TAEMRIR & 345), IR CE 2 min,
BT I Dy (8, AR MR B4 103 8 oA Y R s e 26 il is il A o &
(mg-mL™"), 2)SDS-PAGE M€ . 2 2 BOR O 5, B35S 8 H HL K 22 i RTR &6 KT8 5 min, 7843
B R 120 g+ L™ VRG] 50 g- L7 (HLE 100 V 5504 T LUK, 45805 % Bl g g 6
137 EBEEH/NKESEBRSRSENE 1)/MIEE R 1.3.6 5 EAREUE, T4 °C .12 000 r-min™'
B0 15 min 4 I RS 2 Millipore B8 UE A (FHXS 73 F Bt 10x10° LAF) ,4 °C .5 000 r-min™' #5.0
15 min, WAESER ., IEE 50 pL JERIMA 2 mL KW (100 mmol - L™ PURHEREH , 100 mg - mL™" + e FLAR iR
H,40 mg-mL ' EBAE T I H BEAR,2 pg-mL™' B-FiFE L) H, F il T 2 min, 7F 340 nm 3 K4
IR WOCAEL , LAA [) 3 2 1) J 1 2 1A R R s A0 B 22 R BR o 2, THRE IR 2 (mg - mL7") |, 2) RS
R I 20 mL A FERBOE T 200 mL BEARH, LB 17K 60 mL, #E 1P A 10 mL H EE A,
T 0.05 mol - L™ A E AR MER B € 2 pH9.1~9.3 10 I FEFRME IR AT B 80 mL 255 7K , [FIAE
MR IE A AR AR PR AR A AN i (mg-mL ™)
1.3.8 ABEEBEVRSENE SHINE" WIREBOTEIERIEBN B ¢ FBHMA 20 mL 0.1 mol -1
R, 519K )5 4 °C 4 000 remin™ B0 10 min, PIVEFS 7> FF BRI — . B2 YR L5 0.1 mol - L7'$h
FRE 452 50 mL, FESATASME S % ARE Y Ik,
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139 ZEBEEFEE RE BFERKYRNE 1) 625 FHHESY G U HE 5 R 06 E
S SERTH @2 HHIERE Y LY e b7 R 5K, 2) Bk 3% Herrero % 5 A Bk s, &
FARE A I 2 em SRR R TPA 2 BTl B, e S8R AT 2 mmes™" ; T B
1 mmes™ ;IR)EHEE 1 mm-s™' ;2 YR IERFE]E]BE 5.0 s; F PR B MR S & BE Y 50% ; 45 <2581 P/50
HERISK , 3) LT . 2% Eklov 1 AL BUS o R IER IARE S T A5 R P, XUZ (4 fef 5 2% &
JEAEE RS — BB ] B TR S B SR S8 R B R T ) S s, SRAERTE] 60 s, 15 PERT H]
100 s, S 400 mL-min™", #FFEE 200 mL-min™',

2 HERES

2.1 Lactiplantibacillus plantarum JB1 EREHLL 857

FIFH 25 A FURF B 4% T P A R AR Y 16S TRNA JEFI R R 55 & &R LIXT JB1 A4k 06 R E AT
BARSAT(E 1-A) . 12 NEJE S, IBL 5 L plantarum WCFS1 Fl L. plantarum JDM1 340 EE B 5T, 16S
rRNA FEFIARBLE 43 91555 99.91%H199.87% , L. plantarum WCFS1 & A SR 43 55 i ok o5 — AN Sk [A]
HINFEE N e LT | L plantarum JDM1 2 DRI & BEF iR 23 85 ke BT B 25 AR 5 5 K e
PERYFURF ' BRI 2 MR B BR T DAVE A R R4 LA i 2 % T bk

137 Orthoven -5 X [F] Y5 35 R 2 S L R 7 51 A 7[R He X (B 1-B) |, &8 3 BRAL ) FLAT A5 36 A
A 25334, LRI 2 523 KK (Cluster) , it GO FfE 4T X 22 Cluster #E4T T fig 40 28 (ML B
63.9%) , FRRE VRN 328 T ARG AT-L 1 5% BT 00T, 25 R B 1-C FoR AR ZLAT R A2 0 35 TR 4 2
B FEEMNATRE L, /T IREARLS A &R B FRE S s PR IG ok K ATP 5 & Akl JF s 1
KRG B8 15 s AR AL R U S B sk iz WA A R R s Kbk N AR ; TR, 7E 3 kL
iR DA R 2 T B8 R B T — AR ) 5 TIb 28 20 B 25 A G 4 55 R 7% (JB1:01635-01740; JDM1 : 0348 -0361 ;
WCSF1:0403-0431) , 7348, L. plantarum JB1 FE P2 A Gt A 0 e i 1R 22 i R I R Wl AH G SE TR, AN 7
2 AR S 1 5 AT R RS (O P b L DY 3 N 4 b 3 S5 5 A W e B 3 M G FE N B8 PotABCD
(M3L79_01280-01300) . A= ¥yl B AL A Suff (M3L79_01475) Lk K 5400632 A0 19 13 %F W40 43 R 56
FERA 1 A0 2 PR BR T 5 HAD 2 MR ILA 1 FE R A | L plantarum JB1 W EBA 18 MR AR,
OB ] AL — SE T RE AR R B 1, B S s DR 1 DA B R O A 55 30 el 35 PR A B A 4 T 930
i L plantarum JB1 HAT 4= W RE R 5 2 PP D RESE A | 3 ] BB H R 4R 10 o0 T 360
22 %EEEFFHKSS pH ETH

M1 2-A WL & pH (256 TR TR S B B b LP 4 pH (HIRZ B KT CK 4 (P<
0.05) , H ATl BBk sy, 77 W IR B2 K, LP 20 pH (AR AIGA 4.6 247, MBI 2-B AT UL, B A it 1 5K i
PR K, TR BORUE S5 B R 3 AR R RS LP 4HRE S A S /K IR CK 4, o LP-35 C
Y B K R A, TR BORIE S & /K 43 3R 33.26% 55 29.89% , X T B2 th TIK pH T & 1 5
Oy R AR SRR, KA AR PER T R S LRI L RN L plantarum JB1 REPEE = A R R
FLIR , AR o3 8, NI R 7= S 0 e 4
23 REBEERMEVHETL

R WA P il V55 o A 4 P B LR TR A B AR AR an 8] 3 B S AR R ] = ARk
BLZ IR SR, e R T R =BG BTV, TS SRR R VR — B RS SRR, AN [ ) 2
LP 21 I FF B A B B il 5 et R v R T B R R R B, 55 CK ALAH L, I FF TR 50 S5 RIS 107 ~
10° CFU- g™, LA, LP A% BB S A MR At B 5 & T CK 4, K8 4 d J5 7R o 50 =, 38
10° CFU-g™"', B, M L plantarum JB1 GEAA RGN LR B B0 0 6 B FF 8 450, ;X AT RE S L. plantarum
IB1 PR pH (B LS A e (D B 4 SR AN A s R A 06 L RN, 35 °C A& e il B T fig ik
P o P LR BRI A AR B ) 2B 4K, FLAR = o TR R R B B B



3 Z3 B RFRBHEE T Lactiplantibacillus plantarum JB1 X & BEA I 1) #28 BRUR

543

The scale: 0.1
bootstrap
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* 0.67
©0.83
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0.0 T
JBI JDMI WCSFI

I i 319
3 2 1(41)
Number of elements: specific (1) or shared by 2, 3, -+, lists

Size of each list

WCSF1

Translation | IEEE—— 61
Phosphoenolpyruvate-dependent sugar phosphotransferase system | [ NN 38
Regulation of transcription, DNA-templated | [N 35
Transmembrane transport | [N 34
Glycolytic process | [NNEG_G__y 22
Regulation of cell shape | [N 21
Response to antibiotic | [N 21
Integral component of membrane [l 4
Plasma membrane | G 46
Cytoplasm | [ 9
Nucleus | [ 1
Metal ion binding | [ 31
DNADbinding transcription factor activity | I 5
Oxidoreductase activity | [N 22
ATPase activity | NG 17
B Biologicval process; DNA’Einjing —Ja
Zincion binding | _ 13
- Cellnlar compor?ent; Transmembrane transpoter activity | [N 12
- Molecular function 0 20 20 60
Count

1 Lactiplantibacillus plantarum JB1 EE 28 b3 5 17
Fig. 1 Comparative analysis of Lactiplantibacillus plantarum JB1 genome

A. L plantarum JB1 16S rRNA R4 % & W (HHERTSS N NCBI #35%%) s B. L plantarum JB1 5 L plantarum JDM1 ,WCSF1 R 5

RIS, C. 3 ¥k L plantarum RIJFIEF GO Bl RS,

A. 16S rRNA phylogenetic tree of L. plantarum JB1( The number of relevant strains is NCBI accession number. ) ;B. Gene family clustering

among L. plantarum JB1,JDM1 and WCSF1;C. Annotation classification of homologous genes of three L plantarum in GO database.
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Fig.2 Changes of pH value( A ) and moisture content(B ) of fermented sausage at different sampling stages
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Fig. 3 Changes of microbial quantity in fermented sausage at different sampling stages
AR BER 7 1 75 B BL Total aerobic bacteria counts in fermented sausage ; B. 71L& 18 %X Lactic acid bacteria counts; C. JIf FT 1 %X
Enterobacteriaceae counts.
AN F)FAE LR Rl — B BEAR R 401 22 5% 5.3 (P<0.05) , N [A], Different letters represent significant difference of different groups at

the same stage( P<0.05). The same as follows.

24 EEEMESRYWRTL
241 FRAMEASEMEAQST WE4-A Pin. kKBEEH T TEEEATERE TG RN E
BOIF HAZ B MR, 20 C ERBRE T lEEE A S AR, 35 CRUTIEEEA ST =
WETEE, BT LP AEHIRERA, & B g, LP AW E A S E R ENT CK 4,
I 4-B 0] U & B A v R 40 o e A 1 A% i B IR s/ HLRE AR R (63 ~100) x 107 LB (11 ~
25) x10° Y Bl N Y 22 4 451 , Al REXS B AH 201 o 200x10° (IILERTE (5 45%10° (I ILSh 3 1 B i
Pt RIS 75%10° DL DL (17 ~25) x10° fZR IR T 2%, ILERER (1 A A (63 ~75) x 10° I 4577,
Lh 2R AR A R (35 ~48) x 107 (45T, WILIY B, 25 I B A R A s , 3 45 I 2 43 A #E (63 ~ 75) X 10°
5(35~48)x10° JEFEIN . 5 CK 4L, LP 8 A AR LB BA &, R B () Ko7 S B SR &2, /Ny
TR IR TR, TR RN B BB 11 2% SV, ARSI L. plantarum JB1 Xt T R EFHHIIREA S
JUBR AR 1 A B A A Sl 25 1 R A
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Fig. 4 Changes of soluble protein content and distribution in fermented sausage at different sampling stages
A KR R PR S s BRI i Th A PEZR 1 SDS-PAGE HLUK (MR L BTARHER) o
A. Soluble protein content in fermented sausage ; B. SDS-PAGE electrophoresis of soluble protein( M. Protein marker) .
242 PMEAMEEBRSESE WA PR DKCHEX T B 10x10° IR S 7w B im Tl 2
AW R T L AR, AR A A AR R R T, R TRIREE 5 R T/ NIRRT
FERAS AR (RZF L planiarum JB1 W E G0 T /NIRAI SRR A& ik, TR BB, LP A1/
T 2yhy CK 4 1.4 45 WO B, LP 2 h 2RI S A & 120 CK 41 1.2 4%,
b

A 67 b B l4p g &
5t . {:Délz' _ll)_
o 2 0 & 10f a
254 ! g:" :
on = < o
8 E‘Eﬂtén
-~ QIR
E g & 2
£ %3
2402 &
< 5 2
g
1 & =

(=]

O CK; BLP
Es5 ARNERRABRERMISEA) REERSASE(B) TL
Fig. 5 Changes of peptide content( A)and amino acid nitrogen content( B)in fermented sausage
at different sampling stages

243 E£MREE  hKE 6-A UL RBER I A W SR BE A I 1] B SE RN W T B K R 4R
M, O d A B b o B S I IR N 37.70 ~40.83 mg-ke™ ", 7EH ML R ot s ] £ 15
J5 B Y B 150 mg-kg™' . D34, LP ARG B IR 2 WEAR T CK 4, TS AT RS A
> 39.66 mg - kg™ (20 °C) . 50.45 mg-kg ' (35 C) Fll 84.88 mg-kg ' (20 C).98.26 mg- kg
(35 C) , F&f#% 0 30.57% ~37.31% , FeBHES N L. plantarum JB1 B SZ3M I T & B2 ok A2 vh A= e 0 7= 4= 9t
TEGT BRIt b e — 2D BH R T AE M R RLR

K 6B AR B i RN R R 2R AR Wit & AR AL BET Pl T R ROIN T 25 A AR Wl o5 b i
AT 65 mg-kg™t, HA MR e ity O A I E R A Y, I E I AR Y 10 mg-kg !
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Fig. 7 Color changes in fermented sausage at different sampling stages

200 3012 a
» 2.5H
2
g b
2 o
o Z 207 Bl a
E 2
o
s < 15H b
< E
o Z 10
= =
&
0.5 H
0.0 1 .
Mo Me PPPP PPPP PP Me Me POPP PPPF PPP8
L')-c': L,’_é SO SO oOownwn Q7 95 cowvww cocwvwwn ocounwn
oZ vl gQog Qoo Qaoao o3 9g Q9o qaoo Qoo
(=} o (=% (=% Ay =% Ay =%} (=] ™ Ay gy =% =9 =%} =%
$385 2583 ¥3E5 $385 8585 ghES
L9 E QIS D5 S Rl RN S
A aA o AN A
10 d
C
8t abJf N "
v
z ala b 2
2 i [N a2 =
g 6r2, t2 M &
m O
E —
R £
5 =
£ =
= =
2
0 e P TR — e 53ty st oo
M Me PPPP PPPE PPP8 M MA PPPP PPPE PPP8
L,)_e (-')'6 S oWV wn SO SO L,)I L,)I S oWV wn SO Sownwn
o2 wT QAo gqog gaao o2 9T Qagg qgaog gaao
= N =5} ~ =5} =% =5} =% (=} 9\ Ay Ay =% A~ =5} =%
slatol=iiisialsl=ilstalole sl=tsl=iisi=lsl=iistalole
$TLT LTUgT LTS5 $TLT LTUgT LTS5
T+ > %g%% T+ > %g%%
4341 Group 4341 Group
OCK; BLP

E 8 AEBEMBRRBEERRATN
Fig.8 Texture changes of fermented sausage at different sampling stages
253 REBEHBTEEXRMERSTNL K 9-A B/R THEHX 10 MHRMIENESRELR, ERT
— B UL AT R IR A R IE {5 — 26 5 T i 20 G0 At g 3% AT BE A AG I Ao AR v 52 AR A Y Ok T A R AR A 4
)0 H AT AR, LP 415 CK 41 WIW F1 W2 W ( CHUER AL S5 HLER AL ) iy (B4 5 . Bl K A
AT, LP 5 CK &4 35K IS, LP 21 WIS (HVEEE I ) (W2 W W2S (S Wy 51 ) 1 o o7 {# 384 m
WIW W3C(ZKIFHIAY) W (L, CK 4 WIW W2W  W2S Y B3I, LP 4145 CK 412 5
P FEERITE CK APy A 8 m KR TCHLER ALY , 33X wT BB X o 75 i vP i A T 23 A LA AR 407 A R
Y H,SPY L Sl TS LP 415 CK 41URIRZEL, WIS W2W K2 W2S 1 Ji7 {5 fin , 52 1% ¥y Be#uin 1. 4%
PR, & G e (1 E— 2 R ) e i R 10 4R Ak 7 2 SRR B, DA R SRR O 7 A B S 4 T itk
Hb,LP B HIRAFLE WIC(F5 AL EW) #E R PERLSY , X UL L plantarum JB1 W] BE A 7 fi iy ok 22 J2 K Y A



548

Mo K&k

»
&

N

»y
¥

iz

BRI, R — B ]S LP 405 CK 4 W2W WIW WIS WOS (AR LUK W3S (BEIRZE) ity mi v (e
PI¥ahn, i W1C W3C  W5C 2555 B A4 it v 107 i s /0>
it TR A BB A AR A B I R o R A Ay o KA o 9? F S 8L IE B Ak, i )a e e A sk S
I FE A0 752 (B 9-B) ¥ 10 SR IR ARG IR A 2 S 4ERE, 2 A F o B TTlR
70.7% ,W1W W2W W1S W3S f& W6S X F s 1 STl K, R R — 0, 32543 B A sz e
TR I Bt sh AR L, KR BE LP 415 CK 41FE 5

AE,

PR U ) 22 57 SR B R RS 0 T T ) R

A

PC2 (16.8%)

(=)

-4

-6

Jﬁéﬁﬁ

et

A BE S AR AS 1 A LR A QA 5%, R

nor AL, TR B 1

CK
.08 1.05 0.95 1.03 Q& 1.42 IS 1.67 1.71
- . WIS l Lp
194 171 161 140 M8 1.58 145 Wow ™ 2 0
1.00 1.02 1.01 1.04 1.00 1.05 5 0.99 098 0.98 1.00
m 0.94 095 092 093 1 5
0.66 0.70 0.94 0.93 0.93 097 095 0.83 0.86 0.80 0.96 0.99
1.0
0.64 094 092 0.92 098 095 0.81 0.85 0. 0.96 0.98 091 0.93
5 0.66 0.70 0.94 091 0.96 0.96 5 0.8 0.98 0.99 0.95 0.92
1.00 0.99 1. 1.01 188 | ILaE
1.00 1.00 1.00 1.00 1.00 1.00 1. 1.00 1.00 1.00 1.00 1.00
0.99 1.01 0 1.02 1.00 1.02 1.04 0.99 0.99 0.99 1.00
S o
S v O 0 L.) L.’ Lo 0 I = Y o NS Vo B B V)
NN N R R
[« (o)}
S 5°° 88 53588535
5 5 © o <5 S T T S 5 T
o o 2 2 <~ < ¥ ¥ e &=
o o
0d-CK;
WisS 0d-LP;
B 4 2 d-CK;
/ 2 d-LP;
i 28 4d-CK-20 °C;
\.7d-LP-35 C * 4 d-CK-35 C;
7 d LP-20 °C Wss /. 4d-LP-20 C;
i o N\ Madgdrasc 'WZW“;S ) :4d'LP'35 D%
7 d-CK-35 C %% IR/ A .30 d-LP-20 C 7d-CK-20 °C;
7 d-CK-20 C \V/ - W6S g% 30 d-CK-35 C * 7d-CK-35 C;
T 2 d-LP LYo | * 7d-LP-20 C;
W5 ) 30 d-LP-35 °C ?
Wae 5 ~ o 4dlR20%C 30d-ck20 ¢ *7d-LP-35C;
4dck3s ¢ v OB * 30 d-CK-20 °C;
4 d-CK-20 C \ «30 d-CK-35 C;
2d-CK *30d-LP-20 C;
L \ *30d-LP-35 C
AWIW
1 " 1 " " 1 M 1 1
-4 -2 0 2 4 6
PCI1 (57.9%)
B9 AENEMBEABREHBFEERERI TN

X i 7 i o

Fig.9 The changes of volatile components of fermented sausage detected by electronic nose at different sampling stages
AR B v B B O A e 1 S 2R A Cluster heat map of volatile component response value in fermented sausage ; B. &2 BE7 [ 4%
KA F 85 08T Principal component analysis of volatile components in fermented sausage.
WIS F 32 i Methyl substances ; W2W . 5 LR LA Organic sulfides; WIW ; JCHLER LS Inorganic sulfides; W1C : 2555 F ) T Benzene
aromatic substances; W3C: 23555 & ¥ [Fi Ammonia aromatic substances ; W5C ; %5 5% 5 #2395 Short chain alkanes; W2S: Z #2555 & ¥ it Ethanol
aromatic substances ; W3S KAELEEI Long chain alkanes; W5S : Z & L&) Nitrogen oxides ; W6S : &S5 % k) Hydrogen peroxide.

3 HitE%
L. plantarum JB1 KI5 T R BRI I RIRE R, R

it

VAT it A0 DRI it 2 A (R A, X PR 26 o i A TR AT R i s >

A DI AN RRAE ST, AT S B R R

A L. plantarum JB1



HI3H ZEE B OARIRBRET Lactiplantibacillus plantarum JB1 o & I A 1 ) s R 549

AT I AR, RS S B L, SO s AR T 10°CFU - g7t X RS HA A FLAT
P FER M TP AR 2L, FE 9 FLAT B LP ZY-40 7F 30 °C T & [ 48 h Xt 7 I v i 41 181 450 3 4 ik
10* CFU-g " &4 . 1 L plantarum JB1 751 6 (4 7 g 19 Ak 30 % 28 11 0 A8 M B e e B AL AR T, 1X 5
Fadda''” 4 1 Sriphochanart 25" BURFSE 45 A —2, L plantarum JB1 F2BAET-HR R 58T M BOW 75 1 v A=
Wl o 1 B A 35, W 9% 2 B0 HG Al 7L TR TR TE i 8 7 i v A A AR A W B 9 VR T, G R 4 AT T
(L. plantarum 7423 ) TE75 W & Wl AR 7 gt 1 27% %2 Fr B3R T VA ( Pediococcus subsp. P22) & B
KA R B e 7 e JES RSy AR T 92% 67% 93% ") 3 1 W FLATF 8 ( Lactobacillus sake CTC49) 157 A 7
AR T 39% Wik I 29% 4G (149 7 16 |57 % S 1> FR UG T UL | S [ BT AR F) g PR 8RR Tl 33 5 T e
FI B VBT R Al SRR B | NP B i O T 2RI R AR A AR R G R

R WA I 14 T T AR 1 DR ™ S P RN R A AR R 22 53, R BEIR E T- 22 07001 g 2 ) A= 7
M BRI, R TEIRLEE AN B 10 °C 5 1798 A 7= (AR pH B 2K T8 1 & R A = ik 40 ¢ —slrhiag
Tt 2R 35 C UL LR BRI H 35 C N L plantarum JB1 F MRS A= 4 I , W8 e 80 R Ak
., AR E T BRI & BEIEE (20 °C) S5 % A BRI (35 °C) , 455 & IR i K B IR
A DM LR B -5 AT SRR A K 1 R AR IR i B R, — R B TR
JoT, AN ST RS SR S IR 5 (ERE AR (35 °C ) AR A= e i = A, — Ty T AR S S e iy 144
SRR, 53— 7 AR R 7= e e 0 2 K D B R T Ot PR G MR 5 ) B L. plantarum JB1 17
Jign P 0 P TR B A/, T LR T3 43 A 00 M 14 R 2 v, 8 Mg 0 €6 g ) ek AL 9.07 ~ 10,34
mg-kg ' FEEF] 16 mg-kg ' A,

25 BRI 7 e B v T R T B S 3t B0 1) 7 M XU (B 2 P R A v ) LR i | BRAR ™ i e 4
L. plantarum JB1 7EARIR (20 °C) FIEiR (35 °C) AR REWA RS & a b AV = SRR ZHEE A
Tl it 22 ISR N7 FH TR 7 it 1) T 5 A 72 B R R 7 it 14 JBT AR 4 4 4 (A 0L e e

S 3L Hk References:

[1] Ruiz-Capillas C,Jiménez-Colmenero F. Biogenic amines in meat and meat products[ J]. Critical Reviews in Food Science and Nutrition,2004,
44(7/8) :489-499.

[2] Shalaby A R. Significance of biogenic amines to food safety and human health[ J]. Food Research International ,1996,29(7) :675-690.

[3] Suzzi G,Gardini F. Biogenic amines in dry fermented sausages:a review[ J]. International Journal of Food Microbiology,2003,88( 1) :41-54.

(4] KRG R A RO 5 2 A A i L Z3mI 0], ff 5 KR Tk, 2002,28(3) :67-71.
Luo X,Zhu Y. Metabolism of starter cultures and technological control of fermented sausages[ J]. Food and Fermentation Industries,2002,28(3) :
67-71(in Chinese with English abstract).

[5] Giiciikoglu A, Kiipliilii O. The effect of different starter cultures and ripening temperatures on formation of biogenic amine in Turkish fermented
sausages| J]. European Food Research and Technology,2010,230(6) :875-884.

[6] Casquete R,Benito M J,Martin A, et al. Effect of autochthonous starter cultures in the production of “salchichén” ,a traditional Iberian dry-
fermented sausage,with different ripening processes[ J]. LWT:Food Science and Technology,2011,44(7) :1562-1571.

[7] Ammor M S,Mayo B. Selection criteria for lactic acid bacteria to be used as functional starter cultures in dry sausage production ;an update[ J].
Meat Science,2007,76(1) :138-146.

[8] Hammes W P,Hertel C. New developments in meat starter cultures| J]. Meat Science,1998,49(S1) :S125-S138.

[9] WHEEZRRERE IR 2. B MK RE : GB 5009.3—2016[ S]. dbat : fEFREH ik, 2017.
Standardization Administration of the People’s Republic of China. Determination of water content in food: GB 5009.3-2016[ S]. Beijing:
Standards Press of China,2017(in Chinese).

[10] Toldrs F,Rico E,Flores J. Activities of pork muscle proteases in model cured meat systems[J]. Biochimie,1992,74(3) :291-296.

[10] PIVES. DUJTIAE o v A M A A T 14 5 16 46 0 M I I [ D] HEZE < DUl R 2%, 2016.
Sun X. Screening, identification and preliminary application of biogenic amines degrading bacterium in Sichuan-style sausage[ D]. Ya’an:
Sichuan Agricultural University,2016(in Chinese with English abstract) .

[12] AeBE. Pl as e U PRt o 2 M BT RS A M e R AR ME RS [ D] RO 1 Tl K2 2015,
Zhu X. Enzymatic properties and biodegradation of amine oxidase from Aspergillus niger[ D]. Wuhan: Hubei University of Technology, 2015
(in Chinese with English abstract) .

[13] Herrero A M, Ordoiiez J A, de Avila R, et al. Breaking strength of dry fermented sausages and their correlation with texture profile analysis
(TPA) and physico-chemical characteristics[ J]. Meat Science,2007,77(3) :331-338.

[14] Eklsv T,Johansson G, Winquist F, et al. Monitoring sausage fermentation using an electronic nose[ J]. Journal of the Science of Food and
Agriculture, 1998,76(4) :525-532.

[15] Kleerebezem M, Boekhorst J,van Kranenburg R, et al. Complete genome sequence of Lactobacillus plantarum WCFS1[J]. Proc Natl Acad Sci



550

[EZI S S A NI S 5 47 8

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

USA,2003,100(4) :1990-1995.

Zhang 7 Y ,Liu C,Zhu Y Z,et al. Complete genome sequence of Lactobacillus plantarum JDM1[ J]. Journal of Bacteriology,2009,191(15) ;
5020-5021.

Fadda S, Oliver G, Vignolo G. Protein degradation by Lactobacillus plantarum and Lactobacillus casei in a sausage model system[ J]. Journal of
Food Science,2002,67(3) :1179-1183.

Hernédndez-Jover T, Izquierdo-Pulido M, Veciana-Nogués M T, et al. lon-pair high-performance liquid chromatographic determination of bhiogenic
amines in meat and meat products[ J]. Journal of Agricultural and Food Chemistry,1996,44(9) ;2710-2715.

Bover-Cid S, Hugas M, Izquierdo-Pulido M, et al. Amino acid-decarboxylase activity of bacteria isolated from fermented pork sausages[J].
International Journal of Food Microbiology,2001,66(3) :185-189.

Komprda T,Sméld D,Pechovd P et al. Effect of starter culture,spice mix and storage time and temperature on biogenic amine content of dry
fermented sausages[ J]. Meat Science,2004,67(4) :607-616.

World Health Organization. Meeting report: Joint FAO/WHO expert meeting on the public health risks of histamine and other biogenic amines
from fish and fishery products[ EB/OL]. (2013-11-08)[2023-05-01]. https://www.who.int/publications/i/item/9789240691919.

. A FUAT B IR B 1 P A= e i AR ST D). ma L B AR R 3, 2015.

Xie C. Study on using Lactobacillus plantarum to reduce the content of biogenic amines in the fermented sausage [ D]. Nanjing: Nanjing
Agricultural University,2015(in Chinese with English abstract).

HuY Y,Li Y J,Li X A, et al. Application of lactic acid bacteria for improving the quality of reduced-salt dry fermented sausage : Texture, color,
and flavor profiles[ J]. LWT;Food Science and Technology,2022,154;112723.

ARLLUG R4 W RS, 2. AR i 0 R e v S LR S e (] B HILBK, 2009, 25(3) 1 125-128.

Hao H T,Zhao G M, Liu Y X, et al. The texture characteristics and advances of meat products[ J]. Food and Machinery,2009,25(3) :125-128
(in Chinese with English abstract) .

Corral S, Leitner E, Siegmund B, et al. Determination of sulfur and nitrogen compounds during the processing of dry fermented sausages and their
relation to amino acid generation[ J]. Food Chemistry,2016,190:657-664.

Garriga M, Hugas M, Gou P et al. Technological and sensorial evaluation of Lactobacillus strains as starter cultures in fermented sausages[ J].
International Journal of Food Microbiology,1996,32(1/2) :173-183.

Mottram D S. Flavour formation in meat and meat products:a review[ J]. Food Chemistry,1998,62(4) :415-424.

Fu Y H,Cao S Y, Yang L, et al. Flavor formation based on lipid in meat and meat products:a review[ J |. Journal of Food Biochemistry,2022,
46(12) :e14439.

Sirini N, Munekata P E S, Lorenzo J M, et al. Development of healthier and functional dry fermented sausages: present and future[ J]. Foods,
2022,11(8) :1128.

Zhang Q L,Lin S L,Nie X H. Reduction of biogenic amine accumulation in silver carp sausage by an amine-negative Lactobacillus plantarum|J].
Food Control ,2013,32(2) :496-500.

Sriphochanart W ,Skolpap W. Characterization of proteolytic effect of lactic acid bacteria starter cultures on Thai fermented sausages[ J]. Food
Biotechnology ,2010,24(4) :293-311.

Baka A M, Papavergou E J,Pragalaki T, et al. Effect of selected autochthonous starter cultures on processing and quality characteristics of Greek
fermented sausages[ J]. LWT:Food Science and Technology,2011,44(1) :54-61.

Gonzélez-Fernandez C,Santos E M, Jaime I, et al. Influence of starter cultures and sugar concentrations on biogenic amine contents in chorizo dry
sausage| J]. Food Microbiology,2003,20(3) :275-284.

Komprda T,Sméld D,Pechovd P et al. Effect of starter culture, spice mix and storage time and temperature on biogenic amine content of dry
fermented sausages[ J]. Meat Science,2004,67(4) :607-616.

PRy, TRUE, T O, KRR B s IR KRB T]. AR T S Be A4 (A AR ,2008,22(1) :87-90.

Ma D G,Wang C Z,Yu G M. The actuality and prospect of studies on fermented sausage[ J]. Journal of Shandong Institute of Light Industry
(Natural Science Edition) ,2008,22(1) :87-90(in Chinese with English abstract).

P, SR B U B i R W R RO RESE [ )] BRPTI 24l ( AR RR) ,2001,29(2) - 77-80.

Tian C R, Zhang F X. On fermenting property for Chinese fermented sausage[J]. Journal of Shaanxi Normal University ( Natural Science
Edition) ,2001,29(2) :77-80(in Chinese with English abstract).

LpU%E A A SRR, R RSB v XA i KB i [ ) ] . Bk g 57T & ,2006,27(3) :39-41.

Ma H J,Yang G T,Zhou G H. The effect of different sugars on the fermentation of Chinese-style sausage[ J]. Food Research and Development,
2006,27(3) :39-41(in Chinese with English abstract).

LU 2R AR, A5 RUFLAT I L3 0 R BERLIV LA BTS2 [ )], ARbAell 24441 ,2022,53(10) :56-66.

Kong J,Li M Y,Quan X, et al. Effects of Lactobacillus plantarum 1.3 on storage quality of fermented milk[ J]. Journal of Northeast Agricultural
University,2022,53(10) :56-66(in Chinese with English abstract).

Bover-Cid S, Hugas M, Izquierdo-Pulido M, et al. Amino acid-decarboxylase activity of bacteria isolated from fermented pork sausages[J].
International Journal of Food Microbiology,2001,66(3) :185-189.

W
H
0
i
i
I

i



