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Abstract: The predominant lactic acid bacteria were isolated and identified from some traditional fermented foods, and fer-
mentation performances and safety properties of the isolated strains were evaluated, then the production of volatile flavor
compounds from pork broth fermented with excellent strains was further analyzed in this study. A total of 10 species, 20
strains of lactic acid bacteria were isolated and identified from 30 portions of fermented meat products and 10 portions of
Jiangshui. Four strains of lactic acid bacteria were screened out according to the screening criteria of starter culture for fer-
mented meat product, including Lactiplantibacillus plantarum L77, Enterococcus lactis L2, Leuconostoc mesenteroides 166,
Lactilactobacillus sakei L111 and Enterococcus faecalis 1.98. After that, L77 and L2 were fermented individually and simul-
taneously with Staphylococcus xylosus S120 in pork broth, respectively. The number and content of main flavor compounds
(ROAV=0.1) in L77 group and L77-S120 group were higher than those in other groups. Furthermore, the number and con-
tent of aroma compounds generating lipid aroma and milky aroma in L77 group and L77-S120 group were also higher than
those in other groups. These results indicated that L77 or L77-S120 fermentation not only increased the amounts of volatile

flavor compounds, but also strengthened lipid aroma and milky aroma which were typic characteristics for fermented meat.
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Therefore, L77 and in combination with S120 could be used as functional starter cultures for the production of fermented

meat products.

Key words: lactic acid bacteria; fermentation performance; safety property; volatile flavor compounds; starter culture for

fermented meat products
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%38 % (Trypticase Soy Broth, TSB) . 2% vhiE [ ik
(Buffered Peptone Water, BPW) | “FA 8T 51557
L (Plate Count Agar, PCA) 7 it H KA
FRZAH] S
MLS-3030CH il i KB s A AS =7 ds
A A PR Fl ZWY -240 fHiRIE TR IR 4y iR
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TESIHT, 456 Xcalibur B4 RS HAT T BN FEK R,
DL TCRE (SI) A1z PE PR BE (RS ZER R F 800, Tl 5E
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A SELFLER R 70 Kk . KR4 B BRIAR Y 16S rRNA $°
o=y Pr R gl AT RE A X o . AR PR 16S
DNA RS0 % TS ESEF AT A, BERk L1111 530
A FLAF B (Lactilactobacillus sakei) B TE [F]— 43

# 1 FURRSEESSR
Table 1 Identification results of lactic acid bacteria
B b4 AR BT B ()
L2 N7k Enterococcus lactis 1
L12 K G JHER Enterococcus pseudoavium 1
L30 RN Latilactobacillus curvatus 1
L44, 186, L92 e RFLER B Lactococcus garvieae 3
Le6 s Z W A B Leuconostoc mesenteroides 1
L77 TR Lactiplantibacillus plantarum 1
L81, L84, L85 7 MG T Weissella hellenica 3
L87.L111 T A FLFT R Latilactobacillus sakei 2
198, L128, L131, L142, L150 2Bk Enterococcus faecalis 5
L151, L152 BRIGBRTH Enterococcus faecium 2
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% b, HJFA X o RS 99.73%. L77 S5itd
WIZLFTF B (Lactiplantibacillus plantarum ) 1ER]—"153
b, AP 99.86%., L98 S5XM5ERE (Enteroc-
occusfaecalis)gé?'f [Fl—43 % b, AR HES 99.59%,
I, %52 L1111 s AR FLFF e, L77 =L
FIFEd, 198 M3EMmERE . XT3 210 70 REEIFL
2 B EAT ) e X oA, b A 20 BROMZLAR T, 25
RELERILE 1,
2.2 FEEMRESLINZER

LA i R B 0 IR 7 A BRI, BRI IR R
JECR AR BRER, Zo— FRANIN, 5 WL HR BV TE %
SAH VLT AR (1, R I P il S EAT A L e i 21
@2, i 1AL KB N, RINEERET, AR RR
R RIS, L81, L150, L151 A8 ul T 207, Hibs
PRAR B A AR (0, Bk 2 o, PRTRR T B 40 s SR BR R %
R, IR AR LIRS SRR I RE PR ER R I S 1K
/Ne 20 BRELFREE AP, L2, L12, L44, L77. L84, L85,
L86.1L87.192, 198, L111.L131,L142, L152 K[
PE(=), ANPEilBRER A JEEE, 181 Al L128 BS J15555
(+), L30 F1 L66 BEE Jirh a5 (++), L151 PG J1480m
(+++), L150 BfFNG 7 i (++++) o i M A Ak &
PP BE S 06 4% S L RFE e 1O 3R 1, 3F AR FIE
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Fig.l Enzyme production results of lactic acid bacteria
F: AL B HISRREIA RGOS A5 R, ok A INERHET, B
IEER IR C JEE SR A5 D IR IS ge 45 4 .

B 1B B A 8 P TS0 i Ry 22 KRN 25 2 Sk TR
AT PRI ISy it v (4 A R A T B 42 R e bl R il
ok BRI REAE SERR I KA, v/ RIZERR I 4 &
Hr, PR AR A RAR R  , AT A e S 5 A
PR ST R BRPY AR MK Bl 2 A2 5 PR R
etttz 2% AR A R FIAE T BTG ) SR G 2k 4y
S AEEG ., B 1C HPEMRER ARG S5 R, v LA
HJC AR NG ) FLER T A 2 AR, 43 U2 L30 i
L151, ®AHE RS L12, L44, L66. L81., L85, L87.
L98, L111, L142, L152 Aff3E S1855(+), L2, L84,

L92. L131 B 73— (++), L77. L128. L150 BEE
J1H a5 (), L86 Filfs J155ctT (+++) , VA g is 11
ARG (+++++) BU Bk . BT UL 20 BREFETARH 18 MRELAA
B ABRE 71, KER 5321 ZLRR A E B & T BE 7,
{E PG 138 Ao . 18] 1D A BRARAE I I S 06 435 51,
th 4 SR Al 20 L30. L44. L77. L85, L86. L87. L92,
L128., L142, L151, L152 ¥ ICAB BTG /1, T A3 B
B L84, L1111, L150 AfgG J1%855 (+), L12, L98.
L131 fif§iE J1—B (++), L66. L81 [ifFiF J1 & (+++),
L2 B J1 50 (), A BS FIAR SR (H++++) 1)
AR IR0 20 BRERR T R 9 MREAT 5T figTE 7,
LG 1 #RANG R o

23 TS MEREKINLER

P TE A B AR P pH 255 BT R %, JSHI Al
U & BEE 7, 913 pH —JBAE 6.0 2247, RIS
SMERIANE], R WL pH I HTE 4.5~5.5 Zifi . H
YRR PR 1L s R B R B R AN B KGey, A A 5
A JEETSOAS R, SR TE 10~15 °C Z[a], & pY il A
LT i, TR, & E s ik
6%, KR A T ZE S I AS R SR A 2 2 A
TR IVE, B3R E & S s s bR BRI
KRR i HPOE IS PR R i S I AN S 150 mg/keo
K] L SR G158 114 PR AR T HLAT T R PR B . IR e )
iit5Z 6% M NaCl. 7 4 5& i WAS IR Eh G 71, JCit
JETERRPE . (VRIS . SR R AR ER RIS T
FRRERE A, ARG /ER .

Bl 2 2L B A A R S A1 F I ZE RIS O, AR
PEER SR IR TR, B Lk, i 52 B ) B,
LA 32 1B MR W T 52 RE T #1743 9% . HH it R4S
A%, L30, L44, L84, L85, L98, L128, L142, 150,
L152 ¥R AR, L12, L81, L87, L92, L131 [t ik
feJ1%Ec 85 (+), L2 Mt iR e J1 h 46 (++), L66., L77.
L86.L111. L151 FHARAEJIARIR (+++), A2 pakk
AP HAMREE S, Hodh L77 pmiRMaeiRsE, &=
BRMERE G T AR MR, Ui L77 nl R B A 5/
KPERE ST o MMM IR &5 SR ] 0, 130, L84, L1283,
L150. L152 Az, L81. L85, LI8. L142 itk
BE S8 55 (+), L12, L92. L131 i fIk #& € Jy v &%
(++), L2, L44, L66. L77. L86, L87. L111, L151
MR BE I AR R (+++) . B IR BB 1O FLBR TR
HE A BE RRELEY 75%, ELIERIEBE 71 R 55 A9 B AR
b2 . i iR g Bl A1, (AT L44. L84,
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(++),L2, L30, L66, L77, L81, L86, L111. L131,
L151 MifEhRe JIARR (+++) o BE M EhERe I ZLER AT
A 16 B, T EERREEY 80%, H— 2 iy BE AR EREL
HARRAITELEE 1. AT NaNO, Z55nl 50, i B
KREIBEN 2 150 mg/kg 1 NaNO,, L12, L66, L77.
L150 fit 52 B8 114555 (+), 198, L152 it 52 BE JJ v 45



35474 5 15

SRR, 45: 8 FHT PRV ol AT ) P LIRR T ) 5 P RE ST - 209 -

K2 FURRE TN 32 P IR A R

Fig.2 Tolerance results of lactic acid bacteria
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Fig.3 Growth curves and acid production capacity of lactic acid bacteria
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Fig.4 Safety evaluation results of lactic acid bacteria
e A MR A ERE S125 1Y o B ILAE R B M4 (%
BT ATCC 43300 f i 1L 25 2 5 C Sy FL IR BET AT I 552 46 45 2R 5
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Fig.5 Drug resistance results of Lactiplantibacillus plantarum
L77
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1o FEFLIR B 122 SRR o, i 245 P e T 2038
b, BT HETHUAE R K, 22U Xk
=7 T HUE, BAMTE A T #5245 2L = Rk &
T F1A) AR o) i, K B 245 32 PRI T BB S A AR, (N
ARG T 24 FE DR, XF AN AR R 1 iy o 1 £ S50
XF 4B M FLIR B UEA Tt 245 P 5256, R B BAARXT T i
WP R B R AR AR 250, X a i i & .
FIRFFE . BEEE R FNVUIR R IS 25 P8R . T I,
FLIR B AT 245 P E o B i & 4t ™ B BRUR, Tt e A
LA 22 A PRTAR N FH 6 S S B R I S AR B N
B Sz AR E B AR L2, L77. L66. 198, L111
AR R BUBIITRRR, T TS S0k HESEE .
2.6 DEEREERAELMEXKEES T

o 2 1 R ) o AU AT ST R () T A FR IS | TR
5. BESS . FRIS . BRISFNIAMS . X LB XURY) it 2
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Table 2 Resistances to eight antibiotics of lactic acid bacteria

RS T ER HEEG KAEIERT ZHHEB FAREER HER PUFR A ARE
L2 30(S) 35(8) 25(8) 30(S) 28(S) 15(8) 25(S) 30(S)
L44 30(S) 40(S) 30(S) 5(R) 25(S) 15(8) 17(D) 38(S)
L66 23(S) 33(S) 27(S) 21(S) 33(S) 20(S) 35(S) 34(8)
L77 24(S) 31(8) 24(8) 18(S) 25(8) 18(S) 15(1) 23(S)
L8l 25(8) 29(8) 18(1) 0(R) 0(R) 0(R) 0(R) 25(S)
L86 30(S) 33(S) 25(8) 0(R) 30(S) 13(D) 6(R) 30(8)
L92 28(S) 35(8) 30(8) 0(R) 23(S) 10(R) 29(S) 35(8)
L98 15(1) 35(S) 26(8) 12(S) 23(S) 19(S) 24(S) 27(S)
Lil1 20(S) 30(S) 25(8) 13(S) 25(S) 18(S) 23(S) 30(S)
L128 21(S) 19(R) 0(R) 0(R) 12(R) 0(R) 0(R) 23(S)
L131 12(R) 21(R) 0(R) 0(R) 18(S) 0(R) 0(R) 23(S)
L151 23(S) 29(S) 25(S) 13(S) 0(R) 15(8) 10(R) 14(1)

: SHsusceptible, $8 241 B X HTA: ZHUS; hintermediate, 16 41 i AR 2 A B RIURK; R Wresistance, 48 240 B 1A i 24
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P a3 AR P, REI T & 1R PR A AN [R] A 2 AR IR
bR ML R IETERE . 2R AT A 1 P I A B B
TR e JI VPN ER -G Tt IR AH X B A ) ZLAT
P L77 FIZLIRIAEREE L2, 55050 2 g i e 15 21 i
ANERIZGEREE S120 & AlREFE R, PEN BFRARVE N
R TR AE 2R I PR ) i S 2 7 e IXUBR 52 ) . -
L2 1 L77 43515 S102 i f T PTscss, A EHIAR
FEAFEPVEA, TR 3 P B AN 2 RPN G5
SRR R I T R, P AR XSRS R
FEFTSF OIS | RS BESS | BRIS A HAE, Horp
BEAS 11 P, BRSSO Fp | B5E2E 20 Bl BRIS 4 Fh . HAh
J5 14 Fp, L2, L77. S120, L2-S120., L77-S120 & H
R R RRAGE P50 50 21, 22, 20, 17, 23 Fit
L77. L77-S120 A% )5 & & ol 2 v T HMb = 20 B

MR ZEAE XM ERRE, L77. L77-S120 JCIEFER
R o A R T TR T At =4

SR, ANGH 3 A4 XU £ b5 4 1) 5 e ISR o
P BRI = A BE 1 — 2 M JRIRR T, AR XUk &
Wy cE AT B R ER UL AR I XRIE S R e
FREE . R AR TG K 1 PR i it 1) XU BTk A FH =2
LA R N B E DY WAR, TR R R AR 2
P ZZ RO RV R X 5, T A A
A SRS XU S T B T A, A . SR S IR
T B 2oy e 2 LA AR X 2 T PR 1) A XU 1T 5 9
AR EDE, R, BA R4 =g & /s g
TMERE IR0 KA S R BRI A PERE . Rk, SR
FEXTYE B BB — 2L 50T, W A5 AR L = A
A RG-S (ROAV = 1) RGP XSRS 4

#3ORBENGN EWIE R EXIR L EY)

Table 3 Main volatile flavors of pork soup fermented with different groups

ROAV=0.1
LIGIES B8 (ug/kg)
L2 L77 S12 L2-S120 L77-S120
S
A 750.89 - 0.15 - - 0.15
2- T 1.40 6.06 - - - -
T 1.10 - 3475 7.02 - 27.07
i 12.50 0.93 - - - -
R -2-T 0.15 100.00 - - - -
il
2-F-fifl 41.00 0.82 3.74 - 0.32 1.64
b7 N 270 - 84.55 - - -
2-+ 42.00 - - 0.14 - -
2~ 5.50 - 80.05 - - 35.83
5-HI3E-2-CL i 62.00 - - 0.12 - -
127 J5-3-1% 1.50 5.80 - 6.45 13.69 16.99
2-Z I 300.00 - 0.10 - - -
pagiait 0.22 4535 100.00 - 100.00 100.00
T8 45.50 1.57 2.13 - 0.71 1.63
RAYLL: 1100.00 - 0.24 - - -
2P 8.60 - - - - 4.46
T 700.00 0.13 - - 0.10 -
PR 5.40 - - - 2.54 -
FmE 125.80 - 0.71 - - -
F e 16.00 1.93 - 1.10 - 15.08
(E,Z)-4 AWk 87.00 - 0.45 - - -
P 8.20 - 35.50 - - -
S
- T AT 9.70 - 1.46 - - 1.49
HoAh
-8 7.50 5.65 1.63 7.50 18.83
2,6-ARUT ST H 1000.00 - 0.12 - - -
AR 80.00 - - - 0.12 -
S 6.00 - 5.71 0.79 - 4.54
2-2.3:-3,5- T~ HISLNL R 0.04 - - 100.00 - -
(i) FF 73 15.00 - - - - 0.92
d-FrPIEN 200.00 - 0.10 - - -

T =" SR ARKE Y, e B B E R T (S Y MUE B IL 4 55 ).
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£ 4 REFER D R &MY A #5258 (ROAV=0.1)
Table 4 Aroma classification of main volatile flavors of fermented pork soup with different groups (ROAV=0.1)
& (pg/kg)
VI AAFR AR
L2 L77 S120 L2-S120 L77-S120
TR BT, RIS - 183.26+1.87  82.72+0.95 - 135.93+1.65
2T KERG IR, FE AT 172.88+3.14 - - - -
2+ T MR, IR <k 77.20+0.58 - - - -
2 MR, A6, KRF 306.18+18.53  736.01+£20.65 - 91.20£0.95  306.65+9.65
2-+ i R, R, IR - - 164.76+15.63 - -
2-—i MR, 25, & - 2110.96+78.94 - - 899.79+25.63

TN AT, B - 1270.60+46.28 - - -
TR BORAER, 57y, 1 651.23+20.78  465.66+9.63 - 224.89+6.63  337.68+2.87

i AT, AP 436.95+21.52 - - 495.31+10.27 -

F A BE LA, IR 280.28+23.27 - 189.28+2.12 - 1101.86+50.12
S R, A - 430.26+9.52 - - -
L4 BOILA, REAETY, TR - 1395.71+49.52  119.49+1.75 - -
B AR R, FHE, A - - - 95.28+1.06 -

i g 1924.72 6592.47 556.24 906.69 2781.91
- TN W73, A, 7T HFRA IR BN - 67.72+0.73 - - 65.81+0.51
A 0 67.72 0 0 65.81
R AT, Pk R R - 550.19+17.46 - - 261.57+8.46
-2 -3 B, HEMT AR 79.15+0.68 - 103.66£1.56  142.85+1.43  116.35+1.56
byl B 22T, AT, A ARTE 90.77+1.90  105.49£1.53 - 153.00+1.57  100.44=1.03
R MRS, AEF 105.23+2.96 - - - -
(B,Z)-4 AWk B2, AR - 187.85+1.63 - - -
d-HriEEN BT, i - 95.38+0.92 - - -
2-Z RIR AL - 137.72+1.67 - - -
2- % BAEF® - - - - 175.1242.43
AT 275.14 1076.64 103.66 295.85 653.49
1-F3E2E T AR 385.47+10.42 - 131.1842.47  391.09+7.84  644.94+7.53
2,6-RUT HAT H FRHRSIR - 558.00+£17.53 - - -
% T AR - 164.16£1.92  51.08+0.54 - 124.23+7.53
5-H HE-2- L A N <k - - 181.74+1.79 - -
2-2.3-3,5- — BB gR R IR | A - - 42.86+0.46 - -
B2 L] BEERS - 1094.57+30.87 - - -
[i] PP 753 AR - - - - 63.14+0.61
AT FgEme SEMERRBLS R - - - 67.07+0.84 -
it 2858.32 9553.55 1066.76 1660.69 4333.52

TE: IR AR F B XU 45K H F The Good Scents Company Information System (http://www.thegoodscentscompany.com ) 5 ¥ & 4

(http://www flavornet.org/flavornet.html) .

(0.1<<ROAV<1), 554Nz 3 P, FEULIAE -, X
RRA BTER Y EARRXURIE G P (ROAV =0.1) #1778
UGS, ANk 4 .

3R 3 nLAE Y, AN FER G Y Z [RIAF 122
S, L2, L77. S120. L2-S120. L77-S120 & er=A= i1y
FARIE S PR IR BT (ROAV =0.1) BB AT 543
A 10 F1(2858.32 ng/kg) . 16 F1(9553.55 pg/kg) .
8 I (1066.76 pg/kg) . 8 F1 (1660.69 pg/kg) . 13 Fff
(4333.52 ng/kg), L77 4HAE AR M XUBR) BT 10 45
S EIge e THARA S . XIS PE SR R
WA, I AFEPFATE CMRC 19 B A A& BFRTE
e AU e S E g, [RIRF BT NE I B LS
Py (AN T . SIS0 10 i 38 v T AR A AR K
PELH

XoF T A I R R R 1, LR SR R AR i A
T AW A, B FARRBR AL G Py B e A . Wil
T AR AT PUFP R RIS T 5028, G5 un3k 4
BN A0 B P BERIAB T . WA LG B
ME Bl L2 4H 6 F#(1924.72 pg/kg) . L77 4H
8 F11(6660.19 pg/kg) . S120 ZH 4 Fh(556.24 pg/kg) .
L2-S120 2H 4 F (906.69 pg/kg) . L77-S120 2H 6 Ff
(2847.72 pg/kg), Al W, L77 2BA0 L77-S120 £H A #iL 7y
R DR BT ) & B AN _ AT A TR, RIER
HEATEE D HIEE Y XU . SRR EER A
R P R B, AR ZLAT oA -5 A A BR A 2 Bl
F RS, 2 ucH PRI EF UM A LG Y5
IS (10 B, 2039.59 pg/ke) = F45 FHH (7 B,
1249.57 pg/kg), AT E B4l ROAV=0.1 BIIE A
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PER) B AR (20 PO E TS (12 Fi) o

EEA WA A & -G b, L77 41
L77-S120 T/ 2-T0 ., 2-+—Ff . p-TNER &
=¥ B e AL B, B oS iR SE B AR
L77 AR . TEEgEsst ) JAa ) ZUAF e (Lp10. LpN)
PASIRI S [ A A ER B (Ss) B e R A iz, a5 R
B EE T ZH Lpl0 MBI Ak &9 (1 . 3SIE | =F
BE) & & 103.68 ng/kg, ZBLZH Lpl0+LpN+Ss iy
127.33 pg/kg, B0 E = T AN 53.27 ng/kgo
SARBIFE TR L77 4450 L77-S120 205% P i is &
FIAT A AR I S P LAt 2 591 ) 45 AR AR
3 g

AWFGE LI B2 L 22 HIRN SRR 40 17
48 K Rl HP 4 B A B AS 3 20 PRFLIR T, 82858
SIS T 10 FP. dmak %o B AR T R R REAS
), GRS S P EErERE | A2 PERE L PERRBE SIS
PRIRR 12 R, X HEA TR I . P |ne . (a0 Dt . A RS
WAL IR 25 7 5 28 PRI, 28 B2 4 B B AR AT
L2. L77.L66. L8, L111 & 5 ¥k, H P I mImER
P L2 ZiG A BrrERe s, W FFFE L77 7RG
JIRAE FERE B, BRBETRRR L77. L2, 435 5 Ak
THEERE S120 AN BRI R B T 4 19, 4%
RN, L77 4850 L77-S120 2H & By A= i AR5 &
P XU 9 B (ROAV =0.1) B9 05 F & 25 B N
16 F'(9553.55 pg/kg) . 13 #1(4333.52 pg/kg), HiLy
FRFFIETAR T . W09 b &9 i BCE & 55
Bk 8 Fi1(6660.19 pg/kg) . 6 Fi1(2847.72 ng/ke), Al
DLTCVE AR AR A XU BT i S AT R AR, PR
ZH SR RN R A v T AR ) . BT XL
BREFMEDL B A L77 40 L77-S120 20, 95265 Pl s
B MER S . WFosas SR hds i A2 A il
ah P TR . TT & R SR T RR A R IR AL T
Bl
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