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Abstract

Using Guizhou naturally fermented pepper as raw material, the dominant strains were screened
and isolated from it to prepare a compound inoculum to study its fermentation performance. 80
strains of suspected lactic acid bacteria were isolated and screened out. Two dominant strains
were screened using nitrite (NIT) degradation ability, growth activity and acid production capaci-
ty as indicators, and the 16SrDNA identification was carried out, and they were grown with the
first strain obtained by the research team. Lactobacillus plantarum LP-7501S with similar habits
was compounded to evaluate the comprehensive fermentation performance. The results showed
that the two dominant strains in naturally fermented pepper were identified as Lactobacillus fer-
mentum, named LF-8001 and LF-8002 respectively; their growth ability and acid production abili-
ty were better than other strains, and the NIT degradation rate reached 95.86% and 98.69%;
when LF-8001:LF-8002:LP-7501S is compounded at 3:3:2, the NIT content after fermenting pepper
is 0.25 mg/kg, the comprehensive fermentation performance is much higher than that of a single
strain, and the quality is excellent. This research can provide scientific support for the develop-
ment of high-degradable NIT compound direct-investment starter.
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1. 5|8

e BOARTE e b S I R, R R B DR 8 7R O A BERIR [ 1] [2], W08 M & 27 4k
WG RS, HAPAEr XSy e A R RIE ., PRI ERESERA3] 4] (5], BT SHd@E. RER
BB N 18 2 25 ik, (RATYSRATAE [ SR IR D 32 1 R T RN ST 1 5 (10 A B8 5 | 2 P R TR AR
FasE M. Ak, 1778 WAHER 2h(nitrites, NIT)E RS id B5% B 45 il ;3 WF 045 BRI 0.3~0.5
eNIT Htr] S &b, A 3 ¢ £ SHBI0TI[6], NITHANKSG, SEWEE e £ &8, AR
WA A, MR —FRSE BRI, BT R S P AL AE, W iE .
iGN TR EE7] (8] [9] [10].

TEPIAAT I FLAT B 2 B BRI A NIT MIRe/I[11], FH5k RSk B A EIR. B
A e B 1 R A E A R IR TE 77, AT DA R i 0 R I A M PR NI T ) e[ 12] [13], KRB S B A 14].
PR Ik 5 i B 0 R A NIT Re /I FLER IR, FEHIRUE & K BERIEEAT K, R PR K2 NIT & &, 1R
TEF= A RO 7 ASHIEFE LA SR N SR IR R BB SE SR AR, DAF=BRAE 71 TEAH R 2h PR RE )
ALK BE T NAERR, XIATRIE, TRIEMRA B, 4SS0 BART M0 7048 B — AR M RE R RE AL R HL
AR ST AR IR R YD FLAT B LP-7501S AT AL, IRFLLE & RKIFME R LIC LA &, AR BEB B K
P2 AR S e L At o
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2. MM SR
2.1. WEHH

IR EBEHUR. KR B (EMY). EFE, SRR/ BEN; EYIAFFHE LP-7501S
(Lactobacillus plantarum 75018), 51N K5 K B T AR5 A i) 24 B 55058 2%, Bk CCTCC NO: M 2019535,

SEG FEEGH: MRS #5383, RIBHEREM R AR AR BRERES . i EACE TR RN R
BRlREE. TRRAh . BERE A, WM. MEREA . R . TWEEULE . Zmee. WaEIE. K
B, HhRRZE L e, ¥ooravall, JUERSEERM; rhif 80 b, hE B i A A
22. FEREEESRE

YX280B FHEAMNF N AR K S, HilE — WS 280 VORTEX iRitiR & &%, DR mA R A
722 #1722 S, R RMXEE ;. GZX-GF101-3-BS-11 AL #E XAE IR 148, FigH#E, GL-20G-11
EEARE DL, LRSS LS-1F #ie TIES, LRI, 78-1 HiJpmAdnsess, W
P SIS AT A AR ) o
3. REHFE
3.1. K FIAYED

0.1 mol/L NaOH A e VBT : 2 GB/T601—2016 A AR bR UL & IS W 45 [ 151 I 5E T AY
1R 5 B 75 70 I BC ) 5 v S ) GB/T5009.33-20161 [16],

3.2. EFEYSEMAL

K 5 M T TR (0 R BB, R R IR X 50 g, SJ3K, B S ml A1 TR, N S ml KB A
HEKIRA), SRR BRERRE 107°~107, K SRR AR AT TN 1% CaCO; 1) MRS [k 775k b, T
37°CIHIRFT 7R 48 h, HREUGVEESE HEARME 2~4 mm MR, REJLAMBZREER G, #TEZR
Gt Md A S MG, K 2 IR P L 2o 28 S Ml 6 B 2 A R A7 25 T

3.3. EMAIGE
B35 R AT 50 mL MRS WA 725, 37°CHE3% 24 h, J5EH: pH K OD600 14 .
3.4. BMETF

KW B R E AR T8 150 mg/L ASERENI 150 ml MRS B35k, T 37°ClaIRIE T4 H R
24 h 5, M RESRT USRS &, AR 2B R [17].

3.5. HEcphZkmiE

RS AL S 9 LIT AT LI8 7355457 28 MRS WA RS SR B AT IR, AR MRS WA B: R 364 92
IR, BERE 2 bl E L OD600 18, DASS RIS E] BG4 FR, OD600 fE A AADR, 2l & B kA K il 2k

3.6. 3 FEMFLTE

BE R LI FE bR LIS EZE LAY L) B A RAF N EH#HIT 16S TRNA FHIE; H
MEGAT7.0 BAEME R G R B
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3.7. E6 KB L KT E

PRI A 5B i 1) 2 BB i . IR AL B S OISR, K LF-8001. LF-8002. LP-7501S HHATIHLES
FRIE1EFE 1 M ARC LU AT BB B, o RIS 4%, FLOER KGR B2, SR, B
KK =1:1.5, EAEREN 4%, 30°CIEE A FE[18], AR (72 byl 52 A BEHAR T T R 35 2 &
pH. MR, FINBHTIEEIEE, CAESRATE 72 h R SR A P R 0 T b AU ket B, 0 HH 5 2 B ol

L=

Table 1. Fermentation strains combination

=1 RKEBEMAS

EnRs g PG EnRs W B LA
1 HSA K% 72 h 8 LF-8001:LF-8002:LP-7501S 1:3:33
2 ERAY A ENE 9 LF-8001:LF-8002:LP-7501S 2:1:2
3 LF-8001 10 LF-8001:LF-8002:LP-7501S 2:2:3
4 LF-8002 11 LF-8001:LF-8002:LP-7501S 2:3:1
5 LP-7501S 12 LF-8001:LF-8002:LP-7501S 3:1:3
6 LF-8001:LF-8002:LP-7501S 1:1:1 13 LF-8001:LF-8002:LP-7501S 3:2:1
7 LF-8001:LF-8002:LP-7501S 1:2:2 14 LF-8001:LF-8002:LP-7501S 3:3:2

3.8. Wik FE

1) pH: {3 R & THE 4700 22
2) OD600 f&: H 722 e efEil, T 600 nm AbiE4705E .

3) PR b 2 R 222 1) S A R

HE ERIE

HRYESCHR[19]3hBR 25 2 — i b (B2 bR vt th 2% .
SR BARCRR 1 S0 A R 6 1 58 R 0 6 i, SR A i 2 4 E bR v GB/T 5009.33—2010 (£

an PO BR B8 5 AR S AN 5E ) v R ER IR 2% £ i U8 i 8 A I A o 1) T R

4) KPR: R4 GB/T 12456-2008, iH pH HLAIVEIE K EEAL U FRIF 2 &2 [20]
5) REEHBUIEE 0 IR 2 TR E R .

Table 2. The sensory evaluation standard of fermented pepper

*® 2. AEHMHREITNIRE

A

PO H

B (25)

FR(25)

PRUT bR
H Rt
i EFANE)

S EFANEN
REEERIRE
KRB RAAR
AR TO R R

21~25
11~20
0~10

21~25
11~20
0~10

RE|

Wk (25)

H/&((25)

PrUT bR

PR R R R, R4l IE
TR A Bk LA

TR R SRRAN B XU K 1

B sl —8, TR A B ILA
FUbA S, AR AR
bS], KW E,

witid %

21~25
11~20
0~10

21~25
11~20
0~10

4. BZRE DR
4.1. EMH I ESYITE
JEIT MRS B3R FE B MR - A Va5 B, R Qe th, S AL ERHREE, M E IR TR R I B
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IR B H 80 MREELIALIRE, AREEAKERET S ERLR, EMHRERFRLMET, pH B
HIAm S EME, P inPuRie s, mls pH A& KR X 80 FREEIITLER & 7 BR At J1 5859,
FLiiX 80 #REEMAFLIR B 1 pH AT OD600 B, LAXT L P2 EREE JI A A K RE Fy, SEIR&h Hansk 3,

Table 3. Strain of the pH and OD600 value
# 3. K pH &R OD600 {8

Wk~ pH ODgoo Wk~ pH ODeoo kG pH ODso
LJ1 4.20 1.811 LJ28 4.79 1.375 LJ55 4.80 1.141
LJ2 431 1.822 LJ29 5.35 0.627 LJ56 4.49 1.466
LJ3 4.19 1.851 LJ30 422 1.693 LJ57 5.24 1.301
LJ4 4.19 1.694 LJ31 5.13 0.975 LJ58 5.63 0.722
LJ5 421 1.828 LJ32 4.18 1.811 LJ59 4.21 1.828
LJ6 4.18 1.767 LJ33 5.74 0.450 LJ60 5.31 1.774
LJ7 4.18 1.690 LJ34 4.69 1.633 LJo1 5.88 0.346
LJ8 4.19 1.800 LJ35 543 0.721 LJ62 4.34 1.701
LJ9 4.29 1.442 LJ36 4.55 1.461 LJ63 4.67 0.971
LJj10 4.18 1.825 LJ37 5.93 0.215 LJ64 5.38 0.723
LJ11 4.22 1.252 LJ38 5.58 0.554 LJ65 4.45 1.767
LJ12 4.24 1.397 LJ39 5.21 1.037 LJ66 5.62 0.568
LJ13 5.76 0.359 LJ40 5.78 0.453 LJ67 4.78 1.156
LJ14 422 1.580 LJ41 4.40 1.195 LJ68 4.40 1.680
LJ15 422 1.396 LJ42 5.69 0.557 LJ69 42 1.836
LJ16 4.32 1.393 LJ43 5.24 1.033 LJ69 5.78 0.786
LJ17 4.40 1.320 LJ44 4.33 1.822 LJ71 4.35 1.555
LJ18 5.82 0.407 LJ45 4.35 1.643 LJ72 5.71 0.310
LJ19 4.34 1.420 LJ46 5.90 0.644 LJ73 4.82 1.013
LJ20 4.29 1.384 LJ47 4.65 1.085 LJ74 5.35 0.655
LJ21 498 0914 LJ48 4.58 1.132 LJ75 4.82 0.969
LJ22 4.37 1.421 LJ49 493 0.983 LJ76 4.48 1.599
LJ23 4.34 1.419 LJ50 5.83 0.340 LJ77 5.96 0.204
LJ24 4.25 1.558 LJ51 4.71 0.917 LJ78 4.57 1.690
LJ25 5.82 0.603 LJ52 4.19 1.851 LJ79 5.31 0.960
LJ26 5.82 0.370 LJ53 4.36 1.694 LJ80 5.20 0.938
LJ27 4.36 1.366 LJ54 4.53 1.467

PRI 22 3 v %0, 43 BB A3 2 1) 80 FREEMAFLER B 37°C 5537 24 h &, I pH #REE I {E 4.18~5.96 2 1], OD600
HARTE 0.215~1.851 Z J8], {EIX 80 #kH =, W LI 1. LI3. LI 5. LJ6. LI 8. LI 10, LJ 32, LJ 52, LJ 59,
LJ 69 7E855% 24 h Jio, H pH B, #B7E 4.21 LIRS, HIBFERE I, OD600 {H#F/E 1.700 LA I . H2FhAT,
MRS AR EE IR B pH 7E 6.2~6.4 18], HEFEERIARE G, WAELAEKSE P EAR, B ER
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pH %, MRS B;7736 2 AL B e B PR B 955, FLFRTE 7 MRS B33 rh AR K RO, H AT DA 1) H A 41 7
B, RIRYIE e P iR a1 BRI Tk LT 1. LT3, LI 5. LI 6. LT 8. LI 10, LJ 32, LI 52,
LJ 59, LJ 69 iX 10 #REE AT WA IR £5 P AR AE /0 1056 .

4.2. EMET

PR 2.9 (7 R T R R b hrvE 2, dn i 1, SR ARUERIZEH R? 9 0.99953,  EIVFTA WL A
A 99.953% 1 TR AEX A E L, Kb brvEmZ BB {EE.

25
y=40. 465x-0. 272
90 R*=0. 99953
)
2
i 15 -
4
&
;g 10
=]
5
0 T T T T T T
0.0 0.2 0.4 0.6

WK (Abs)

Figure 1. The standard curve of Sodium nitrite content determination
1. NIT & ENEFRERLZ

FITFAF RN 10 BREFREAT T8 150 mg/L ILAHARINA) 150 ml MRS HiFrdErh, T 37°CIERE FRAT - B
I 24 hJa, MEHTHRT AR R R SR, THEAS RS EARK AR PR 17], SR 2 B,

100.00% 98.69%

0,
0 95.86% 94.86% 94.91%
95.00% 93.03% 93.03%
91.14%

89.12%

90.00% 88.01% °

85.00%

82.44%

80.00%

75.00%

70.00%

Ljl L3 LJ5 Ll LJ8

Li10 LJ32 LJ52 LI59 LJ69
RIS

Figure 2. Nitrite degradation rate in screening strain

B 2. THHERELREmRR
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WG 2 FTUAE B, BI0 Je A T PO LA R B0 A L RO R AR RE 0, LA R 26 A R R AE 80%
AL, AELAN[R] T P 8] B e SR PR BRI BE 70 72 57, AV E D B fIK I3 72 24 h N L AR R Fh PR 320N 82.44%,
1M LIS 7 24 h AIFEMFRILR] T 98.69%, JLAHEREL MR AE /7oA TR, BRI G  RELE RO fA IR 1] P s
AR B85 B AR — > 22 2 i0KCF, DRI AR IR otk P A5 £ 95% LA _E AP AR T LI A1 LIS 3EAT T —
A A R A E S E .

4.3. SrEEMRE K%

LJ1 A1 LI8 iy K b &t 3 frows, MBI R LAE 1, LI1#E 9 h ZRia T 8UE K, TR KR
B%5E, HOoD600AF 7 1.8, M HIEE AN 1.12 x 10° CFU/mL, 9 h 2 5 P aG#t AFase l; LIs ik
KihZk5 LI KB, #5279 h Z ATk T B A&, 7Rk KR %, 3 0D600 iA %] 1 1.82,
PRI FEE B HCA 1.42 x 10° CFU/mL, 9 h ZJGFFAEAFaE M. 454 LP-7501S HIAEK HiZk[21], =k
PRIEN RS AR A AN K, AR SITMEAET, Ui I = MR B R E B AT R

—=— LF-8001
*— LF-8002
2.0+
I e e T e
/
1.5
o
S 1.0
a
[}
0.5
/
0.0+ ‘
T T T T T T T T T
0 5 10 15 20 25 30 35 40
R (h)
Figure 3. Strain growth curve
B 3. Kk

44. TEEKRERE

W 07 e 15 B A R 2B K ST AR I BE AL LR TR LI A1 LIS T4 A% e, 4R aF.

1 4 Bk EE AT DL B, LIT A LI8 7 1500 bp S4L TR 1 0 BG40 158 e 461, Ui ki
PCR #3412, AT H T 541 16S tDNA 741 1l 5E -

1) 1§ LJ1 16StDNA il F 45 5 K [F) U 14 %F b 43 4

¥ LI1 1 16StDNA 7 AIEZFEAEIE E RDP (http:/rdp.cme.msu.edu/index.jsp) - H*F, 3f7E NCBI
L HET BLAST AL, B LI BRATEFATHEE 10 DASFEE AP BLAST P o7 b, TR K
., BT RACN 100%, EENZE, BISE2VLEL, VUEL—BHETE 99%LL 1, fmnlias] 99.93%, Kt
AFCAUEBA B RR LI J8 T R EEFLAT B 8 1M, 44 4 LF-8001

2) B LI816SrDNA Wl > 25 5t K [R5 14 %+ L 43 Bt

# LIS 1) 16SIDNA F 4 fE AR % RDP (http://rdp.cme.msu.eduw/index jsp) b LbXF, FF7E NCBI
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L #3E47 BLAST 4 LbXt, B LI2 BR R FEFLAT 8 8 N AR A HI BLAST R4k 47 b, FLUG T B e
P RAN 99%, EMEANE, WI5E4ILit, VUi —3MEBS7E 99%L b, fE A F] 99.93%, KAl LAE
AR L12 W T KBEFAT B RE A, 4r4 N LF-8002.,

Figure 4. Electrophoresis map of PCR products of
strains LJ1 and LJ8

4. BEFk LI1 #1 LJ8 BY PCR =448 5k B3

t & 5 7 LA Y, R H The Neighbor-joining Method 4% & & #, B #k LF-8001 £ LF-8002 5 NCBI
AR Lactobacillus fermentum J&HEATXILG, AIEALFEIAE] 100%, FEIAHLME R T 99.93, T & Witk
LF-8001 A1 LF-8002 J& T-FLIR 1 J& K B AT B I
{ Lactobacillus fermentum strain S1

a0 Lactobacillus_fermentum_strain MTCC 5898

{ Lactobacillus fermentum strain CBA7106
99
100

Lactobacillus fermentum strain SRCM

LF-8001
494‘—: Lactobacillus fermentum strain LMEM 38

100 LF-8002
Lactobacillus fermentum strain W4-2

— Lactobacillus fermentum strain SL104-2
Lactobacillus_fermentum JCM 7776

0.050 0

Figure 5. The phylogenetic tree of lactic Lactobacillus fermentum based on 16S rRNA gene sequences

& 5. %EEZLAFE 16SIRNA BREFFINARZ L ER

4.5. EA KBTI L BRI A BEHUR FI RN

I8 3.8 MT7IE, A9 & AR [F) B A G A W BRABUSCGAIN pHLL R AR 28 5 B RS i 1Y
LERIA 4, BA KA RIS EX & BB A I B S I 45 2R L% 5.

M3 4 AN 5 FTUAE B, AR BT E (72 hyP, B IR R 5 4 b A I RASUR B L B IR AIR
WAERR Eh & BB, HEEARTC R IR XU s AR AT, SR A I PR ROABRII 2 A A T P AR S
MREL S BT Eir, HE 14 HREWHRE S BRI SaREIFNTeIER], B R R %
AT BABURR B VP AR TR 2 AT )46 (B, T B A ORI AR AN 2 5 42 IRSH 14 26 (Y AT G
PO, SRAP A BT Ao, HORCE VPO BRI T E AR AT 25 A B, AT B A R B A € 52 1
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SREELT (0, KRIEEFWRIKAS, BRBUET, KRN, BB AEs. Kk, ZZE% L REE 1. LR ih
AR RE AU E YN S5 48 bR, BER & RBEFIRC T AP LU LF-8001:LF-8002:LP-7501S = 3:3:2,

Table 4. The influence of fermentation strains combination for physical and chemical properties of Fermented Pepper

4. REEFIARECEL X & BEER AR AL 1 BRAY R2MT

i L1

S LF-8001:LF-8002:LP-7501S pH RR(%) WAL R (meke)
1 HARK®E 72 h 4.67 0.09 7.68
2 SR A ENE S 3.71 0.31 3.51
3 1:0:0({X LF-8001) 3.51 0.17 0.46
4 0:1:0(1X LF-8002) 3.55 0.21 0.57
5 0:0:1(fZ LP-75018) 3.49 0.18 0.49
6 1:1:1 3.46 0.26 0.50
7 1:2:2 331 0.24 0.29
8 1:3:3 3.40 0.21 0.46
9 2:122 3.39 0.21 0.33
10 2:2:3 3.38 0.21 0.38
11 2:3:1 347 0.16 0.25
12 3:13 341 0.20 0.58
13 3:2:1 3.46 0.30 0.70
14 3:32 3.38 0.27 0.25

Table 5. The influence of fermentation strains combination for Sense of Fermented Pepper

5. REEIAREECEL X & B ERHIE B RS20

5 LF—SOOI:ﬁ(EEgIJLP—7SOIS El w1 ik H Iy
1 AR K% 72 h 23 8 9 20 60
2 AR I 2 oA 23 24 24 20 91
3 1:0:0 ({X LF-8001) 20 18 16 18 72
4 0:1:0 (1 LF-8002) 19 18 15 19 71
5 0:0:1 ({X LP-75018) 20 17 17 18 7
6 1:1:1 22 22 18 18 80
7 1:2:2 20 21 20 18 79
8 1:3:3 20 23 15 18 76
9 2:1:2 21 21 19 17 78
10 2:2:3 22 22 20 18 82
11 2:3:1 21 21 20 18 80
12 3:1:3 19 20 22 17 82
13 3:2:1 20 22 21 18 81
14 3:3:2 23 23 20 19 85
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5. &t

AT FEIN KA 2 B P R R BE AT IR, 90l 4409 LF-8001 1 LF-8002, VA2 £5 b A fie
FIHRTE 95%LA L, 43 51N 95.86%F1 98.69%; ifi OD600 4374 1.811 F11.800, pH 4374 4.20 F1 4.19,
HAKBE IR RAE MM T 0 B AR L T wEbk, S H A K d 2034700 5 & -5 A 72 1] B i A O 15
FIREIFLAT R LP-7501S A K SIPEAHIE, LA LF-8001:LF-8002:LP-7501S = 3:3:2 UL LL G R EERS, 155K B
AR 2 3k 7 S (I T B — A P R RN [ SR R IR (R B, L 32 0 52 6 AR TR R 7 iR AT R TR PR A L K
VPN R T B — AR, B E AR R B BB, R BRI 2 R, LYY
5], BARBEHMERA FIRBERS, FWRIRAS, BRBES, KURPME, 7785 0B Bk BRI & 4 4t
=S TR

EHEWH

TUH 4R SNA BRI (T H g5 BRHE BUR[2020] 1Y025).
TiH A g S R R R T IR S W H 5 UH 95 2 5] H1[2018] 4020).
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