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Vo FRRWAEET R SR IR W  B 22, dE A W I B M (1338, 36 mg-kg ' T ) ML (417. 58 mg-kg
T W J50) s B 5 0 4 R0 1T 52 5 Ak T A 3 M0 R BT (P<0. 001) , R ARG 18 iz L 7 iz M 8 2B 0 e & ik (P<<0. 05) o
B A B JRORE A0 T R RAT R (17,5100 | i A B I (13, 0600) 0 B2 B (5. 6306) S AT ¢ (8 48 /AT B
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Effect of Lactiplantibacillus plantarum and molasses on the fermentation quality,

biogenic amines contents and bacterial community of peanut vine silage

MAO Kai', XU Yi', WANG Xue-mei', CHAI Huan', HUANG Shuai', WANG Jian', HUAN Shu-qian',

YU Zhu*, WANG Mu-sen"

1. School of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China; 2. College of Grassland Science and
Technology, China Agricultural University, Beijing 100193, China

Abstract: During ensiling of peanut (Arachis hypogaea) vine, a large proportion of the true protein is degraded and
free amino acids are further decarboxylated to form biogenic amines by amino acid decarboxylases. The aim of this
study was to identify ways to decrease the biogenic amines contents of peanut vine silage. Peanut vine silage was
prepared using distilled water (control) and three different treatments consisting of 2% molasses, Lactiplantibacillus
plantarum (1X10° colony-forming units) and a combination of molasses and Lacti. plantarum. Each treatment had

four replicates. After 28 days of fermentation, the silage was analyzed to determine the fermentation quality,

Wi B 2 2024-06-115 2k a1 [ 4 : 2024-08-30
FAW A KRS 314 (KYQDZR22014) FlE % 8 5 0F & 3 42 (2022YFE0111000, 2022YFD1602300) %% Bl .
TEZ A BIF(1999—), B WG E B, 76520+ . E-mail: maokai@hainanu. edu. cn

* il {F/E# Corresponding author. E-mail: wangms@hainanu. edu. cn



534 B 5 W Bl 2R 3] 2025 4 147

biogenic amines contents and bacterial community composition. The results showed that the main biogenic amines in
poorly and naturally fermented stylo silage were tyramine (1338.36 mg-kg ' dry matter) and cadaverine (417.58
mg-kg ' dry matter). The application of molasses alone or in combination with Lacti. plantarum significantly
improved fermentation quality (P<C0.001) and decreased the contents of tyramine, cadaverine and total biogenic
amine (P<C0.05). The bacterial community in the fresh material was dominated by Parasaccharibacter apium
(17.51%), Pseudomonas batumici (13.06%), Pantoea dispersa (5.63%) and Curtobacterium citreum (5.53%).
After ensiling, the composition of the bacterial community in naturally fermented peanut vine silage was complex,
mainly composed of Weissella paramesenteroides (22.71% ) , Lacti. plantarum (10.67%) , Limosilactobacillus
Sfermentum (10.38%) , Weissella kandleri (9.27%) , Pediococcus pentosaceus (8.34% ) , Pseud. batumici
(8.07%), Lactococcus garvieae (6.74% ) and Companilactobacillus ginsenosidimutans (5.10% ). Compared with
the control, the molasses treatment increased the relative abundance of Lacti. plantarum and Weiss.
paramesenteroides and decreased that of Pedio. pentosaceus and Weiss. kandleri. In comparison with the control, a
combination of molasses and Lacti. plantarum improved the bacterial community structure of silage by increasing
Lacti. plantarum and Limosilactobacillus pontis abundance. Spearman correlation analysis results indicated that
tyramine and cadaverine were positively related to pH, butyric acid, ammonia nitrogen, Paras. apium, Compa.
ginsenosidimutans and Weiss. kandleri (P<Z0.05). In conclusion, the silages produced with molasses alone or with
the combination of molasses and Lacti. plantarum showed improved quality, in terms of fermentation quality,
nutritional composition and biogenic amines contents.

Key words: peanut vine; fermentation quality ; bacterial community; biogenic amines; silage

Bifi 5 T ] 28 5 A0 T R R, N RORHOL B & ™ i i 2R H g 350, T BRI A R e ) R N R R AR
DR B = o 1642 (Arachis hypogaea) B A6 A WO JG (&I 9, 8 O0RLEE 11 i A= 2 ™ W o, = — O Joi i
W A P M 2 R VR 3R AR AR AR P A 2000 5 ~3000 J7 t, 48 A2 FA A 58U W VR IR R 2 S IR B S
e a4 HER AL PRk, 78 43 AR AR AR B B IR R A R A O T R P R R SR T 7 IR DR A
BB AR Z — o AEAE BT I RDRL AT R 2 F AmDRE R L, 3T 1 22 40, 3 PR TH AL 38 , A R T 3R A 4R 2
b BB 28 . SR, A6 AR B 2o A vh BB ) R A R A T S R R A A A SR TR R R T
BRIV WY

W e — KA 1 & & B A VUG Y 1% B 7 8500 43 R G 7 e T8 e " e A T B SIS i ) % 7 e (i
e R 2 i ) J 2= 30 e (AL e R e ) 5 T A ek v v 8 o 2 400 e T B AT S 44 sl 3 P R £ i, 0058
JEE 51 A 5 9 s 5 A W T T 5 A TRk i 2B Al A RO AR IR W B e s B s R AR IR B Em il m e gk
AR A ) U DR I B AT T YRR A ) B R R B I R 2 A A T R O e P R R A R
S K UL AR 7 A A 4 i 5 s WS I A - R FLRE AT 18 (Lactiplantibacillus plantarum)"™ " A FFLFF
(Lentilactobacillus buchneri)'™ " J % W K W FL AT B (Limosilactobacillus fermentum)'™ W2 FEgE S
gt R B R R AN

HET, 7 I iRDRE A= 4 e 9 BF 5 3 B4R R 7R 6 22 (Avena sativa) 2Pk E K (Zea mays) EEAE B TE (Medicago
sativa) AEIRA H AL B (Stylosanthes guianensis) -, T 5& T 46 4 B 5 0wk v A= W e ) 98 K ARG 5 A9
FLAF AT TR RIS 28 1 R R A 0 00 0 T It o DRI AR IR 58 5 0 R S8 AEL ) FLAE T 181 5 08 2 0 48 A B I 4
AR T it BT A ) T 5 e A TR T R T, Ay S B A 7 e A O BT 4 AR AR B I DR IR S

1 HBE5FHE

1.1 AL EELSFEHE
20224F 6 H 29 H 7£ 15 mg K27 1 A8 W X A B I s SR 4 46 A A, e AN 0085 VD R 2 em KN, 8R 5 57 B A A S
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U9 . WEE W FE R T B N TR A FRA B A LA AT & (Lactd. plantarum MTD1) W4 [ %[5 Ecosyl /™ iy
A BR 2\ 7] (Ecosyl Products Ltd. , Stokesley, North Yorkshire, % [ ) o ¥ ) %5 09 48 A4 B B 40 F « 2848 7K (f B8
CK) ;2% B (M) s #H Y FLAAT I (1X10° CFU-g ', L) ;206 4 % FAE Y SLAE AT 3 (ML) o 4 B 0050 5 48 A= B AE
IR T F IR G AR KBRS T BB, B 4REL 848500 g, B (20~26 C)HI
28 do
1.2 K EHMESRT RS>

W20 gt il B TR HLOIYL-C23, JUBA R A R A\, =D v, i A 180 mL ZE MK #2730 s, SR 5 i i 4 2
20 A it 08 o T A US> R Wy, — 3 0. 22 pm B A HILJE e 8RR A A B e o 2SO €835 A (5 LA-
20A, H ZA&) M % FLWZ (lactic acid, LA) | i (acetic acid, AA) . iR (propionic acid, PA) . T (butyric acid , BA) )
FE AN 2.5 mmol - L BB L WM 1 mL - min ' #ERE S 5 pl FEIR 50 CL K E K R 210 nm.
5 — 1 F pH . & 7% A (ammonia nitrogen, Ammonia-N) i 2 % 3 i & (free amino acid nitrogen, FAA-N) il]
JE o pH M B HL A pHIH(PHS-3C, AL RF AL 38 B A BRA D I AE 5 Bt 40 mL R EW 5 10 mL 25%
(W/V)H) =R CTRIE A 7E 4 CORFE W B LATTTE BLAR 1, Z )5 5 IV W AE 8000 remin ', 4 ‘C4 4 F &0 10 min,
SR R B — U SRR B 0 7 Ammonia-N 7 &7 SR FH Bl = B — 6 W2 JDF b 00 58 FAA-N &7

53 B 80 g B fi e A BHAS o B 25 ¥ R T B L (HXLG-10-50B , [ i 97 A7 9200k A BR 23 &), o ) ¥ o T 04
48 W5 U SE T4 5 (dry matter, DM) %4, 9K J5 FIRY B8 WL (HBM-8620, Hh [) ¥y i I 32 1 mum 5 , BF 15 7% T4
BT 4 CUKA N . BVA (total nitrogen, TN) P VR % £F 4t (neutral detergent fiber, NDF ) M g ¥ Uk i 2F 4
(acid detergent fiber, ADF) & & (19 ] & 2 B8 AOAC"™ Hl Van Soest %" i) J5 ¥ ; #l & A (crude protein, CP) =
TNX6. 253 2R IR — i R Lo 68 1% 0 52 7KV Pk Bk /K fE 5 9 (water-soluble carbohydrates, WSC) & 4™, AH X fi]
FHA {8 (relative feeding value, RFV ) {1 NDF fil ADF & &3+, & AT .

REFV =[120/NDF (%DM ) ]X[88.9 —0.779 X ADF (%DM )]/1. 29

1.3 f6 4 B F A AL & B &b R R R

f8 F] V-score P43 14 22 % 46 A2 B I 4R)DRE A T it BT #EAT V€ o IR R T H ACKLE R 2 , DL Ammonia-
N.AA PA J& BA N FEARIEATVE A, 45 8 b5 6T L 20 B0 26 1790 W 0 100 43, M4l L 1F 43, K 75 It 4k & 2 o o
43 R R A (8043 LA 1) (i il (60~8043) A K (6043 AT )35 .

#£1 V-scoreil & irifE

Table 1 V-score scoring criteria

AR LT TR LA R P R I V-score {4
Ammonia-N/total nitrogen ( %) Acetic acid and propionic acid Butyric acid and other volatile fatty acids ~ V-score scoring
Xy 155 Formula (Yy) X, 11455 Formula (Y,,) X, 1145 Formula (Y,,)

<5 Y =50 <0.2 Y,=10 0~0.5 Y, =40— 80X}, Y=Y F+Y,+Y,

5~10 Y (=60—2X, 0.2~1.5 Y,=(150—100X,)/13 >0.5 0

10~20 Y=80—4X, >1.5 Y, =0

=20 Y =0

1.4 kot

SR FH 15 RUOBORH €833 — B3 vk U e 8 A= W e (2 e (R i 7 e ST A e & T RS e R i B 8 ) B B LT
A3 BT E AR M DL B S A R PR A R SE A o 50 mg BE A T RSO AT L A 0.5 mLAERR (0. 1 mol- L"), g
B2, ER A T he 2.0 (12000 r-min ™', 10 min) , B F 36 8, B BE M A5 80, 7 hoim A 10 pL $2 URe
it .70 pL AccQ- Tag Ultra Borate 2% i 1 20 pLL AccQ-Tag ikl . #£2J 1 min 5 , ¥ 18 5 ¥ 1E 55 CF i 4 10
min, £ #1 5 PEAT R 20 A {4 3% (high performance liquid chromatography, HPLC) /3 #r . $id R EMIR A G T E
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A1 455 #5233 (Vanquish, UPLC, Thermo, 3¢ ®) fil & 40 38 5 1% (Q Exactive, Thermo, FH) . @i xR
H Waters BEH C18(50. 0 mmX 2. 1 mm, 1.7 pm) , #FAE 5 4 1 pL s A0 55 °C i s A : A M 2tk (5% 0. 10 B
B2) ,BA N MG (& 0. 1% R ) s BB EE VML , Wi K 0. 5 mL-min "o BEBEEEE K :0 minsK/ 2 (95:5, v/v),5.5
min/K/ZHE(90:10, v/v),7.5min K/ HE(75:25, v/v),8 min /K /Z N (40:60, v/v),8.5min/K /M5 (95:5, v/
v), 13 minZK/ZNE(95:5, v/v) o BEA S Hrad B b e il B T 4 CCH sh gk aEde b, R ISR 3 X5 A W e i A7 o
S3HT o
1.5 mARE S

240 A RE VR 40 BT ER TG 22 S S 3 RO R AT B R S8 . R T AL B S IR Wang R i B BRI (30 g
FE i [HT 8 46 A2 B (fresh peanut vine ,FP) , 34> s FF W ARDRM 4 34>, 3L 124 15 120 mL TEwZE K IR & & TH%
JR 120 remin '$%%) 20 min, i it SUZ MDA i o W8 AE 4 “CHF T 8000 remin ' #5.0> 20 min. MR 448 i 3% 7 14 50
B, {1 ] 418 DNA $2 0857 & (CRR A W RHE A BRA R Jbat, b ED 2 BUE DNA . H Nanno Drop-2000 # 3 & 4>
JEGEE T (FEBR R B 2 w) L S 1) R 106 St B 56 Ji L VK G DNA MR B2 (Sl B2 RN T o . T A DNA FEAS
£F —20°C, RH 4 F 920 (single molecule real-time, SMRT) il i # A , i F IE W 51 4% 27 F(5'-AGRGTT
YGATYMTGGCTCAG-3") Ml % ] 5] #) 1492 R(5'-RGYTACCTTGTTACGACTT-3" ) ¥ 4 41 5 4= K 16S
rRNA LA, 545 P #A & —41 16 MR W 4 T2 A5 . PCR ™1 (1) J5 52 45 1 A1 371 il kb B 43 B Ming 26 0
Mosher 2 i) 77 ¥ 9847 . i FH SMRT Bell Template
Prep Kit 1. OSPv3 (M K F- AW FF 22 2wl 56 )
#y 3 SC P, f# H PacBio *F & Ml DNA/Polymerase R2 RERBRUZASSEVREE
Binding Kit 3. 00 fi M o 57 26 2 # R} 22 8 71 ) 36 43 30 Table 2 Chemical composition and biogenic amines contents
J¥ o Shannon $5 %5 R 3 A b5 43 B b 2500 75 581 . %%

of peanut vine before ensiling

I H Items % 4t Content
T Ak HR A B Ming 550 09 7 3 ilb A1 o ARBFSE 9 A R FHEDM (g-kg ' FM) 292, 83
b % R ¥ fF A NCBI %t #8 % , & % 5 K HLE I CP (g-kg ' DM) 169. 69
PRINA1102907, AR Ammonia-N (g-kg ' TN) 7.02
1.6 %t o5# W B 2 R A FAA-N (g-kg ' TN) 4.99
R RN HAEZELMEIEIT . SR SPSS IKVEPERR K AL & WSC (g kg ' DM) 29.71
27. 0 [ B 2 )5 2% 43 BT (one-way ANOV A ) X 7 It 4 pH 5.90
b B 0 e AT A0 S PHRIEPAENDE (g T DM 7690
& (https: //www. cloudtutu. com ) 3 77 7 i /% 2 1 % TR PEBE U 4T 4 ADF (g-kg™ ' DM) 239.05
WAV, AR P<0 05 R B ERR ., 170
¥ Histamine (mg-kg ' DM) 0.00
2 HRESW Ji§ I Putrescine (mg-kg ™' DM) 9.70
2.1 kR B D S J7 ¢ Cadaverine (mg-kg ' DM) 10. 49
K Iz Spermidine (mg-kg ' DM) 28.76
A6 A= B R W o & & O 292.83 g-kg ' FM _ B
& iz Tyramine (mg-kg ' DM) 2.87
(fresh matter, 8 #£ ) , # & 1 & & K 169.69 g-kg ' Hik Spermine (mg-kg ' DM) 15.05
DM KB BOK A2 1) iy 29. 71 g-kg " DM pH 3 £t Phenethylamine (mg-kg ' DM) 4.88
h5.90, & A A M B s R A S A o 7,02, {6 Tryptamine (mg-kg ' DM) 2 41
4.99 g-kg ' TN, 784 B iRl o 7 A e & 5 (28.76 JAE W Total biogenic amine (mg-kg ' DM) 74.16
mg-kg ' DM) fix i , H & K % (15.05 mg-kg ' DM: T ¥ % Dry matter; FM: fif #£ Fresh matter; CP: #l % 1 Crude
DM) ' % (10. 49 mg-kg ' DM) J8 Mz (9. 70 mg-kg ' Proteins TN: £ Total nitrogens WSC: /K i Hh ik 1t & ) Water-

soluble carbohydrates; Ammonia-N: %4 & %4l Ammonia nitrogen; FAA-

e 177 . 1 1 .
DM) 7 £ ik (4. 88 mg-kg DM) . i i (2. 87 meg N: i # % 3 @ A Free amino acid nitrogen; NDF: W % ¥k % £F 4
kg” DM) Fl{a i (2. 41 mg-* kgf' DM) , A& K M 51 2H je Neutral detergent fiber; ADF: [ % Uk % £F 4k Acid detergent fiber;
AW e ek 74,16 mg* kg*l DM(#2), RFV : #XF i 4 {4 Relative feeding value. F [f] The same below.
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2.2 R ARF A K A

IR R (K 3) IR pH FLRR L FLO L IR T MR VA A\ V-score W43 4 i i 5 2 5t
iR A SOK S PERR K AL B ) & A 252 (P<<0.05) . CK 4 pH XA R &m0 , K BE M T V-score P73 4
;5 CKALAH HE , M R ML &b B 35 B A1 T 78 A B pH L T R M &S A & 12 (P<<0.001), B N T V-score PE4>
(P<<0.001), KWt AL B s LACF i 4R & T O R IR T IR M A B A & = (P<<0.05) Bk T IR MFL L 1
(P<C0.001). 5 CKHFIL AR L, BE % 0 3 1 1K ok 6 &9 & & (P<<0.001) . L4 T¥ & & o %1%
FM A ML 41(P<<0.05) ;s ML 40 T 9 5t & e de e, (H 5 CKALAI M 4L AR HE 25 5 R 3 (P=>0.05) o L 4l 5
PR 2 e i, L5 At 3 4 L 2% S 3 (P<<0. 001) .

R3 HEBRBTEBRESE

Table 3 Fermentation characteristics of peanut vine silage

i H 4b B Treatments b ifiE i Py

Ttems CK M L ML SEM P-value
pH 5.45A 4.93B 5.55A 4.88B 0.048 <20. 001
FL#2 Lactic acid (g-kg ' DM) 23.67B 50. 13A 18.20C 48.90A 2.100 <0.001
41 Acetic acid (g-kg 'DM) 17.83B 22.43A 24.97A 21. 00A 1. 750 0.010
FL 2 Ik Lactic acid to acetic acid 1.52B 2.37A 0.78C 2.36A 0.120 <0.001
PR /i% Propionic acid (g-kg ' DM) 16. 39B 22. 12A 20. 70A 20. 08A 1.390 0.011
T Butyric acid (g-kg ' DM) 10. 64B 2.56C 11.72A 2.23C 0.120 <20.001
H A Ammonia-N (g-kg ' TN) 92.78B 79.88C 107. 12A 66. 87D 4.420 <0.001
V-score ?-43 V-score scoring 63.12C 81.87B 56. 14D 84.29A 0.920 <20.001
TH R DM (g-kg ' FM) 271.87AB 276. 35A 263.05B 280. 18A 0.450 0.015
KL CP (g-kg™ ' DM) 158. 37 161.18 152.05 157.03 3.740 0.147
T B IR A FAA-N (g-kg ' TN) 180. 19B 189. 44B 233.22A 166. 04B 8.180 <<0.001
KEPER KL A WSC (g-kg ' DM) 5. 89D 8.05B 6.75C 8. 84A 0.290 <<0.001
PR PR AT 4E NDF (g-kg ' DM) 388. 36 352.76 363. 30 363. 88 20. 300 0.129
iRk Ve 2F 4k ADF (g-kg ' DM) 248. 85 226.13 243. 65 242. 28 9. 820 0.053
AR 4] JH A REV 168. 02 188.43 179. 11 180. 44 11. 300 0.387

SEM: #5 i 1% Standard error of mean; CK: ZZ{f /K Distilled water; M: 2% ¥ % 2% molasses; L: #M ¥ FLHAF B Lacsi. plantarum MTD1; ML: 2%
Ml FIUAE W) FLA AT 1 226 molasses and Lacti. plantarum MTD1. [R5 [ K5 5 8 R 22 5 .3 (P<<0.05) . Different capital letters in the same
row indicate significant differences (P<<0.05), T[] The same below.

2.3 jeABFEAMNED LSS

CK 41 % % ) W iz (1338. 36 mg-kg ' DM) A1 iz (417. 58 mg-kg ' DM ) & H 1 s 8 it 3 5l ok 32 2 4= W e | ifi
A Wi G5 M K e RS B R 2 e R B e Y AR (<C100 mg-kg ' DM) , CK 41 4 A 4 e % 4 4 1956. 91 mg-
kg 'DM. 5 CKAIAIH, ML K ML &b 2 & 35 FEAR 1 B M 7 i S S A W R 5 4 (P<<0. 001) , ML &b JHLE A= ) fik
(879.42 mg-kg ' DM) FEARACR S df o M ORI ML 20 rfv 20 Jiie % 5 43 03] 2 408. 42 F1461. 57 mg-kg ' DM, &8 2 & F
CKALAH(P<0.001,54),
2.4 GeABRH AL F AN mE %

A6 A T DRt K L T A ek 240 DR A v 2 R PR QNI 19K o A Y Shannon 48 80y, kO CKOM ML 4,
L (I 1A) o AR ¥ F A8 #5437 #7 (principal co-ordinates analysis, PCoA ), 154~ #% i 7] 3 Wi #4355 4L (E 1B ) .
B AE TS TE )Rk T A b 2K T 0 20 TV 2E AN T 2 T s, 4 A T R A T v 2H RS R L TR TR K P b AT R
5 B0 1 56 & (Pseudomonas, 13. 81% ) B ¥T W J& (Parasaccharibacter,17. 47% ) | FE¥T w6 J& (Methylobacterium,
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R4 REBRBULAMENRSE

Table 4 Biogenic amines contents of peanut vine silage (mg-kg™ DM)

i H 4B Treatments 15 PAH
Ttems CK M L ML SEM P-value
Ji% Jfi¢ Tyramine 1338. 36A 561.57C 968. 54B 274. 68D 92.63 <20. 001
F' i Cadaverine 417.58A 164.17C 289. 00B 58.45D 30.47 <20. 001
2H Jfi¢ Histamine 11.78B 408. 42A 57.72B 461.57A 33.72 <20.001
J& B Putrescine 68. 94A 50. 05AB 57.88A 37.55B 7.97 0. 024
2K £ 1 Phenethylamine 62. 90A 10. 35C 17. 03B 6. 36D 2.44 <20.001
WG B Spermidine 29.18B 33.45A 22.28C 24.93C 1.69 <20.001
K5 e Spermine 8.90B 12. 75A 11. 68A 12. 58A 0.96 0.013
{0 )iz Tryptamine 19. 28AB 13.75B 24. 88A 3.30C 2.70 <20. 001
AW E Total biogenic amine 1956. 91A 1254. 50B 1449.01B 879.42C 128.11 <20. 001
0.2
A TOFE= p=0.0091 B
=
v 6.5
E 0.1F
5 60} 9
g «
: = 3
785 Z o
[9\]
& &)
9 50 F [ A
& -+ CK
D -0.1F ) FP
i
K45 | L
M
40+ oML
1 1 1 1 1 _0'2 L 1 1 1
FP CK M L ML -0.2 0 0.2 0.4
Ab F Treatments PC1 (65.6%)

1 HEBERREESPEREREEFELIRSHT

Fig.1 Shannon index and principal coordinate analysis of fresh and ensiled peanut vine

A: 20T B ¥5 A 4T85 L Bacterial community Shannon index; B: 4 B ¥4 32 4 4% 43 BT Bacterial community principal coordinate analysis. FP: £t fif
¥ Fresh peanut vine; CK: Z£#4 /K Distilled water; M: 2% W% 2% molasses; L: AH¥FLRIATH Lacti. plantarum MTD1; ML 2% % FIRL ) FLAEFT
B 2% molasses and Lacti. plantarum MTD1. F [i] The same below.

17.50% ) JL/NT & (Curtobacterium, 5. 53 %0 ) X 8 % T F M 1 J& (Sphingomonas, 6. 04% , 8 2A) . HF 28 d
J& , CK A 00 3 6 Ji 5 8 FF A1 L & A B A8 Ak, v LA AT 1 8 (Lactiplantibacillus, 10. 67 %) 8137 [ # )&
(Weissella, 34.95%) . Ki W 7 #F B J& (Limosilactobacillus, 10.38%) B 2 il 1 J& (8.07%) F1 3. 5k 14 )&
(Lactococcus,8. 65% ) AT S ML AEE . M AL R4 S CK A AR, (D FLA T # I8 (22. 61%) R R
J& (37.32%) K FLAF R (14,18 %) MFLER B & (9. 84 %) M X £ 8 T CK 41 5 B A MU B & (7. 40 %) A%t = )&
8T CK4l. LALS CKALAR L 35 1 41 ke % faf 2, ZLAL AT 04 )8 (86. 78 %0 ) i £ Rz . ML 4 f 34 141 & by FL A
FFE R (49. 69%) BRI [C T & (2. 29 %) ARG W FLAT B8 (39. 54 %) o Bk b, A [ 41 22 18] 14 20 18 1 7 21 A7 78
255 . SEAE N RIFF B (Paras. apium, 17.51% ) W W5 B 5L B (Pseud.  batumici, 13.06%) 4y 812 B
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Fig. 3 Correlation analysis between fermentation characteristics and predominant bacteria with biogenic amines
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