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pHAE I PG LR ) 6.3 B2 3.0 7E MRS WARKEF20T, 2 MR FLITR B AT i 249 B 320 wg/m LA R AR 5 24 15 72 & W
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Isolation and Characterization of Two Lactobacillus Strains in
Sauerkraut and Its Abundant-selenium-containing Capability

SHU Mei',ZHONG Chan', WU Guo-ping'", GUO Dao-chu®, LIN Li-ping'

(1.College of Food science and Engineering, Jiangxi Agricultural University , Nanchang 330045, China;
2.Nanchang Wei Le Fu Animal Husbandry Limited Company , Nanchang 330108, China)

Abstract: In this study, two lactobacillus strains with high abundant selenium containing capability,
respectively named LCFCO01 and LCFCO002, were isolated and characterized from farm sauerkraut of Feng
Cheng City area where is rich in selenium. Based on bacterial culture, physiological and biochemical
characteristics, and 16s rDNA sequences analysis, LCFCO01 and LCFC002 were strongly suggested to be
Lactobacillus plantarum and Lactobacillus paraplantarum, respectively. Cultured in MRS at 37 °C, they entered
the logarithmic phase after incubation for 4 h and reached up to 2.5%10"CFU/mL in stationary phase
cultivation for 18 h.The two strains secreted acid into the medium and the initiative pH of 6.3 dropped to pH of
3.0 in the stationary phase.They could be cultured in MRS medium containing up to 320 pg/mlL Na,SeO,.The
selenium conversion rate of LCFC002 was 74.5% cultured in the concentration of 20 wg/ml Na,SeO, in MRS.
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The two strains showed resistance to high concentration of Na,SeO; and high selenium conversion rate.

Keywords: Lactobacillus ; sauerkraut ;abundant-selenium-containing capability

AT 3 N AN B b R LT 5 W OB SR 3R, NN B 5 290 6 ~ 20 mg!'ls A
AT DG H R AP A il A 222 00, B8 9 D S o, LB 1957 AR A Bk S R HLIACA 75 s LR
AT B HNE YR AR BURCR JU AN, A AR A B DR AR R U T P 2K R 45, (ELE o & AR, — e
2 0.01 pug/g, ARMED [ 5 3727 25 1988 AFAEAF B A H B 50 pug fili 25K, DTS2 W] A AR P Al 4 5
SRANHE . A AU AL Tl T R s 2 ARETFA A BN TE S LA A B R 2 Z B A L B &
HOLO P K P

WCER BA Z MR PLIIRE , BERE SmATLI SR 7 5 52 M FROIRIRIBER 12 40 , GO JUE A TE 6 A BRAE AR 5
Z 5 R DIREACIAS, 3 0 A5 1, I HLACHET: , A ST B 22 10 fE 5 s 25 WU, RER 3 61
HANFHARE ST QIO @A s DU AL EZ AN AL s BA DUAR S, BEA ROt I R A /A7 114
BERIE R A TREAE I R, 05X 5 L R 1 XGRS R VLD BEARAE PR L A
B AES AT —E BIBITIA A, Pl , B Al X T RS 37 S e SR e+ e 20 . (HEA
i MR AT AT BES | S rh R AEAR , MO (9 b SER AR o ARDRE T JCHLAR 7, A7 HLAREE /), ELAL

AR AR AR S B N BRSNS B TR A, T b R R R
FR JH v Y R 1 AR SOR LY B AR AR AR R RS B B O, B R R R TR Y
FLIR B IR i A 22 BT

FLIR R & —HERN S 2% B Z AR, 2 AR T ARR G E v, HRLIR A A BN 3 A 2
MR ZE M 25 AR TRAES ., Il I ZLIR TR 0k B N AN W 22 IR S 5 N 2R SR A3 i A AH 24 2% D)
(R G 8100, I LR B A T 1 i, T et XU, 8t v £ 1405 R 00 (S PR e AN BRI, Bk e =2 A1
LR O FUBE AN TERE A B v 1 F 5 385 52 2 1 38 N A 25 B R EOR B LR B I 1B DR s $2 m il A
FAEPIAY 5 e HLARXS 5 = 0T A IR, TR) B 7 A R o 25 40 I 5 B AR A1 i g R T s, D i 20> i L
P I 1Y) A 5 BE B oy A By A2 e SR A SR T i 2L TR TR Xt BRE /DN B, ZHL U B ok Ak 19 5
M) , 235 SR 29 I A L 8 I 30 o 44 v 2 2T S A TS T o R Tl 48k =0, PR LA B 32 g ot S Ak
Pl MserhE A FLRRE , I LUK, X 12 3% i FLIR B 09 R PR B AR AL T A (IR, 0 R & il b X
(AR SV AT ARG R FH AR, ) AL B I e o G e DX 3 v 1 LR P B A B A 7 A T v, 3308
A AT REM a8 T ANSERMERR o BT 0, AR SCLA R 30T g 0t DX SR i v (8 LR TR Ry SRk, Xof DA e
o R LR TR A BB A TR Y o
1 MREEE
1.1 =ZeHrel

WA) I ) =405 T 0 DX A SRR, BRSSP T 525
111 XA AR A B SRR R TR e IR T L LR MgSO,- TH,0
AR BN 55 4t 300 pg/mLE AR ENIA 0.2 mol/L EDTA ¥ . 100 /L IR BRFR W 1 0.2 o/ L 1
ZLAE N 1.0 g/L 2,3-—Z HE %5 (DAN) UK .0.85% AR 33K o
112 #A5E SR MRSIEMEESREL SR WRS o M0 S o, RN S o, IERHR T 2.5 o ATIFIREA "84 1 g,
BEIRE 1 1 g, RN 2.5 o, BRIREE 0.29 o, IR 0.1 o, TRATIH 42 0.2 ¢, 13 -80 0.5 mL, €4 7K 500 mL, pH
6.2~6.4 (15 FEFL BRI pH N 6.8~7.0) , 115 CHK A 20 min , HRHEA 6] 26 ZLR A [ A9 IV A 2 4 37
W BARREFRILLE TR MRS AR SR 3L PO A 2% I BER R AT .
1.2 U8

AN WL G EE T pHS-3C AL pH i 5O EE T GL-21M (R Ve VR O HL OG2s e 55 -
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2 EWAE
2.1 BB BHIE

PRI 3 A =30 T 5 06 1 DX ) R KR 2 (A W B LC) 45 10 ¢ T 100 mL 0.85% £ BEER K th 25, B A5 3 Fb
B X ARIE R A BLCo g LR 3 BRI 105 MR 1:10° . 1:10° 1 100 B . B Lik#
PR 3 Fh BT A 2% 15 wg/mL .25 wg/ml 50 wg/ml 100 we/mL VAR 44 A9 MRS [E 7455 35
F37 CEIE R FF 48 ho LG RE IR 30, A BEER K BE 22 0Dy, oM 0.60 , B R Fl 73, £ H
2.2 HEHRHIEYFRE
22.1 BAFEARARSIE WEURA G EE IR L VR R, TPk 1E i B A VR AT 22 IR YL (A A
SRR T R e e B Y RS TR T OURER AR B R RN
222 AR CRETRGE Y 2 RRFLER A 4 BIPRGE T LR AR A A e A O S AR AR IRA
CIDLES T S un Y =PIk ~ LR Sk e
223 WxAERGERMNE K E TGS R0 R RS BCR T TR R SR 3 R R il
TBUTE o TR RE B R R K BB 800 ZE A o B 100 L A B S Y B R R I ARG PR B R R N
25 o/mL (Y MRS B5 3R 5P 5 95 . B4 hBERR | h3E LIRFR T Lk s 3R 5erh LU R 2 h 32 13k, JFAE 42
SERN G B WSR2 o B IR R DS, e i 4% 355 % L PN BB 5 00, AR A0 A R A5 50T 450 1 S B
PR 75 R
2.2.4 165 rDNA %52 B K oin BRI 19 TR PR , BRI 1A AL DNA, F148 PCR ¥4 H 19 DNA, PCR
P15 094 CHIAEE 5 min; 94 °C 1 min, 65 °C 1 min, 72 °C 20 s, 30 MEFF ;72 °C 10 min; H i DNA £
2% B NEWHEE S HL VKA T 0 25, PR B UGG AT 4307 5 F% DNA SR AU , 38 4 BLAST J5 ik HU X, %8 7 Fir
15 bk
23 HWHRESHREEFERERELNE

X0 J TR RREA T LA R 40 : ZERS AT 0,20,40, 80, 160,320 p L Y& 13 A7 3 mig/m L (1) IV A6 P2 4 5 VL 14 1
B 35N 3E 320,300, 280,240, 160,0 pL Z& K, 45 o B040 WL B IR 3R T 1ok 6 SR AE, 7
PCE T 37 CHERA I FR TR 12~16 ho WE ARSI I 2 TR IR A 572 55 pHAEL

B E 3R 6 3 J5 I 10 000 g 2500 2 min , WS B0 AR 65, , 54758 200 € D) 4 25 o A= B 3k /K
B, 26 A T ULIE Y A A 5 AR SRS o B0 S5 RS LU ik 23 0 D L 0D 1, 2l A2 K
(IS
24 BRI ERNE

F S GB 5009.93—2010 FP &5 ke I E il & &

THROA 2 A A e A 2= O A 380 B A b BRI/ = I TG 1) A 3t /g ) X 100 9%
241 ARARAEW K H SRV E a4 B HL 4 pg/mL Y TR R 4V WK 0, 0.185,0.375,
0.75,1.5,3 mL T 250 mL A HETE IR, A 459000 i 20.0 mL EDTA YR AW, 48 20 5 F 2 7K R £ 1R 1 725 T
pH ZIR LR (pH 1.5~2.0) s B EWG = P EAE LN T S5 A 98 - A 3, 3— & LB (DAN) % )
3.0 mL, JR 2] )5 & 55 CHE IR/ 8 7 im# 30 min; BUH & ES , INER 256 5.0 mL, PR 3% 4 min, B 2505
W A5 s 3F R oy 1205 30 20K 2 K 3 2 B2 i e i < L DA 35308 P Tttt B
TR A 376 nm, K GG 520 nm) B0 ZEHCH 19 4, S— 2 - 25006 B 1) 2 6 o 1 SR AR
Tt 5 225 AT s o il 2
242 H&HeEA RRZ A FEER KBRS, B mL T HETEIN , B2 EL 10 mL 5% Al AR L 20 mLIRA BRIA
W, F L AR AN R Z R N T8 B L ECBE R TR A RN R T (6, ARSI B AT U A S
SR PR VR T AR IR v, B IR B AR R A AEIL ISR A VAR LA T 24 2 mL BT A TR 28 05, 5
5= M A P RS 10 mL IR A R S5 4k S, WG A 2 BA A S L T AR 5E US PR AE 2 L TR
HEF 545 0 BRI
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243 WhPmesEME  BFLRE T &A 20,40,80, 160 we/mL ) Na,SeO, 15 2 5,37 CHE 3% 24 h
J&5 T8 000 g 5.0 BRI A5 A B L I VR RS VRS 1 mL TR, 4% 2.4.1 L BRI E 1 W A 7y

it
3 ERSHM

3.1 HHMmESEE

3.1 WAkE o B Rk MR FERSERES TR 4 RRANER , P-4 5 A 2 AR 2 A il A 1) B PR
454 LCFCO01 ,LCFCO02 , FLFR B v ¥ 52 B B e | R T BOGH , FLIA & RN EB W, th &8 55 AR &
MR EEESRE (BT A) o 2PRANB A 22 [RY a3 2 B (BB, AR AR, JC2R, TR 2,
ANZ 5 LCFCO0T P AR K /NF128 0.72 wmx1.34 pum, LCFCO02 B AR K/INEE4 0.71 wmx1.34 pum; 55 2%
PG YL (0 K TR AT 545 B B R |, 2 BRANB Y45 & LR T A AIE
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L
»_‘ o
~ N
> - ’ y

PI1 MRS 738 i Ve R R B VA T 285 (A) SR iAo 22 TR e (1 45 2R (B)
Fig.1  The colonial morphology (A) and cells shape dying with Gram method (B) of isolated strain
312 AMERLZR 2WRUNE S AR E S TN, ARG 2 RA R SE IR RO AR (R 1) o A
BEIR W R U e Y 2 MR AE TR AT FLIR TR R IR 2R
®1 EULEEEER

Tab.l The results of physiological and biochemistry characterization of two isolated strains

J 3 M Solinti SYETHE RAME HEERE KB LA HEHE LiRR A FLHk

Sugar Esculin Cellobiose ~ Maltose ~ Mannitol ~ Saligenin  sorbitol Sucrose Melitose ~ Synanthrin ~ Lactose
A R I I A A T
éé%iﬂ% Dg] b H = - = H = H H = - = - 1< M 1< M b
bri
+ - + - + - + - + - + - + - + - + - + -
(S
LCFCO001
+ + + + + + + + + +
Strain
LCFCO001
[
LCFC002
+ + + + + - + - + +
Strain
LCFC002
Serhe e Bt B
“+” is positive and “=" is negative

32 BEHREKHMZKERpHTK

LCFCO02 B RR A K 28 K pH 2R AL WLIE 2.0 MR 2 AT, % B AR R0 AT 4 b, B IS BU L7338, pH
1RHETE 6.3 2547 , VAL B A b TR0 s 35595 4~ 18 b, TV A BTV &2 | D i LR T8 Ak T Kk
BBt , pHAEHVGER N [ 28 3.8 2247, 25 6 A 5 V50 pH 24k, BB I B B FLIR A A8 5100 s 1592 20 h 2 ),
R R AT I, LR R VS B R A i KR pH 4ER57E 3.1 647 . LCFCO01 B LCFC002 B Rk A 1
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LR M pHAE LA A — S — KA Govhane 7
—=— pH
3.3 16S rDNAZR i
N T e —~ 10 A
W 2 BRANTR Y HE R 41l MEGA B 7
e e e e o — EZ I
PEXF 2 bR TE 5 & B W I B, 45 R R :-)g i
Ny - e g NS = 91 o
LCFCOO1 JH I FLAT T LCFCOO2 Tk M5t & 2 -,
S =2
YIFLFFE (F3). odc
20 8
34 EMERWMREEFERERER & 3
2 R A A 4 45 A D S 0 0 I 0 35 : i
“;‘fl 12 h ‘T!I z—‘—»:[:j,: Vidils H Jklf 5] 0 20' ) 40 60
FRMOHIF 12 W5 WE SRR pH AR, S 5h 0] r
Nz > L 22 ) y
DL YESCEETH AT OD g {1, e pHAE B 0D, 12 LCFCO02 Bk I T2k Kt i pH A8 fl
EHIWFE2, Fig.2 The growth curve and pH of LCFCO02 strain
10 LCFCO01
A n NR_115605.1_Lactobacillus_plantarum_strain_JCM_1149_165_ribosomal_RNA_gene_partial_sequence
n NR_113338.1_Lactobacillus_plantarum_strain_NBRC_15891_185_ribosomal_RNA_gene_partial_sequence
w 1w NR_104573.1_Lactobacillus_plantarum_strain_CIP_103151_163_rbosomal_RNA_gene_partial_sequence
NR_042394.1_Lactobacillus_plantarum_strain_NRRL_B-14768_16S_ribosomal_RNA_gene_partial_sequence
NR_029133.1_Lactobacillus_pentosus strain_124-2_ 163 ribosomal_RNA _gene partial sequence
NR_025447 1_Lactobacillus_paraplantarum_strain_DSM_10667_16S_ribosomal_RNA_gene_partial_sequence
NR_042254.1_Lactobacillus_plantarum_subsp._argentoratensis_strain_DKO_22_18S_ribosomal_RNA_gene_partial_sequence
10 \_|: NR_113339.1_Lactobacillus_fabifermentans_strain_DSM_21115_16S_ribosomal_RNA_gene_partial_sequence
100 NR_042676.1_Lactobacillus_fabifermentans_strain_LMG_24284_16S_ribosomal RNA_gene_partial_sequence
B 1m0 LCFC002
1w NR_025447 1_Lactobacillus_paraplantarum_strain_DSM_10667_16S_ribosomal_RNA_gene_partial_sequence|
1w NR_029133.1_Lactobacillus_pentosus_strain_124-2_163_ribosomal_RNA_gene_partial_sequence
- i NR_042254 1_Lactobacillus_plantarum_subsp._argentoratensis_strain_DKO_22_16S_ribosomal RNA_gene_partial_sequence
NR_042384 1_Lactobacillus_plantarum_strain NRRL_B-14768_16S_ribosomal_RNA_gene_parfial sequence
NR_104573.1_Lactobacillus_plantarum_strain_CIP_103151_165_nbosomal_RNA_gene_partial_sequence
NR_113338.1_Lactobacillus_plantarum_strain_NBRC_15891_165_ribosomal RNA_gene_partial_sequence
NR_113339.1_Lactobacillus_fabifermentans_strain_DSM_21115_16S_ribosomal_RNA_gene_partial_sequence
10 _|: NR_115605.1_Lactobacillus_plantarum_strain_JCM_1149_165_nbosomal_RNA_gene_partial_sequence
10 NR_136785.1_Lactobacillus_plajomi_strain_NB53_16S_ribosomal_RNA_partial_sequence
K3 LCFCO01(A) . LCFCO02(B) Mtk & & #xf t
Fig.3  Phylogenetic tree based on 165 rDNA gene sequences of two isolated strains
R2 2HRAAERMAREEFREPNERER
Tab.2 The growth of two isolated strains in MRS medium containing Na,SeO,
Na,Se0,/(pg-mL™) 0 20 40 80 160 320
0Dy, 1.906 8 1.938 7 1.904 7 1.903 1.882 1 1.850 4
Ik LCFCO01
. pH 3.72 3.72 3.77 3.81 3.89 3.99
Stain LCFCO001
AR LT - - - + ++ +++
0Dy, 1.923 2 1.9202 1.953 1 1.863 6 1.8518 1.8367
Pk LCFC002
pH 3.73 3.77 3.84 3.90 3.90 3.98
Stain LCFC002
R LT - - - + ++ 4+

RN SRRSO IR ARBLL, R AN S I SRR (AL (A AR

—" means the color of the strain is normal, “+” means the depth of red of the strain, and the more “+” means the redder

the strain
3 A X AR AEAS [] 5 0 g B R S Tp R IR 45 R R < M R VR AT R A e BE R 80 pg/m L K LA I
B, PR AT € AR T AN FE R B A R e BN EE RIS S 7R TRTARTE 5 1 2 AN [R] A9 855 3R 3 v Ay
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P25 5 WY I, 76 O S AR A MR AR G R i o, DR Ay 1 €8 5 7 5 0 o 0 o PO TR AR R i, T A )2 ik
200 IR LT RO T IR LT R R R AT A & RV, TR AR RE R AR R R S v i) G
BIUARG 54 Ak SR 5 MG 12T € ) P JBROATE , 3 2 200 1) — g i S 0, SO 2T A2

M2 R UL SRR R AV R 40 pg/mL B, R WLETARIR G . JRI Bl R A5 IR 5T B L 76 A R Ak vk J3E Sy
30 pe/mL I HEH BT ANBH R A 2T (5, 8 IUEE SIS 0 FLIR B TR AR o, 7R AT R MV T 6 pg/mlL
B, 35 1 IRAAT (5 AT 53 B e 1) 2 MR LR AT , 76 73 ANV 32 1) S AP R A 75 W ) MRS YRR B 3
pH 55 OD g0 BT 1, VAR EATA VRO JEE 1) iR KO 2 AR BT 8 2 K M AN A, FLG LR BE T gt e/ e e,
X 2 AR FLER TR TE 320 pug/m L A AR FREMTA R P RENS IE 5 A8 K T REAERFR = 0 PR BE 7 , BIVE HS 1Y) TRk B
T e G 1 TR S RE A 15 FL 5T AR AR PERE , BUR BT ELAT 388 AT A2 N AL JCA LRI
3.5 BB RNE

JAFE 3 A, LCFCO02 T A% A B A mH Tt 5 et -5 SV G 3 A 5 YRRk 88 1l A B 6 114 28 AL SR Bt 25 i AT
T Ak v 32 O 2 s T /L, P AR IR S0 1 ¥k B2 4 20 e/mL, 37 CHE 35 24 h, Wi 55 AL 6 d i85 J 74.5% . K
W S0 S R PR B R B M 15 g/miL, 39 CCHE R 11 h, Al BOFEAL R A 72.8% ; ARAT] A3 250517 IV il 1R ik 8
h 46 pg/ml., 37 CH;FE 36 h, Wi FE AL RN 56.52% ., M3 AT, &85 TCAILAR A 7] GE 9 B 7438 1 i 75
T A SR BRI 24 A ) S R AR A R 20 pug/m L I, TAS: F 3 U R AT & 018 we/mL, [E A
il 5 e A 7 M 14.9 pe/mL, 4% 4.92 pg/mlL (AT 5 24 5% 00 Ay STV T 0 0 2 vy, 0 i 2 (L 5, 4
W] BEFE AL AL T BT . LCFCOO1 B RE XA ¥ 5% AL At AR BT LCFC002 B #E -

&3 LCFCO02 H#kMFE L2
Tab.3 The percent conversion of Na,SeO, by LCFC002

AR AL/ (g - mL) EHES FiEW 2d Fetb 1%
Na,SeO, Cell Supernatant D-value Transform
20 14.9 0.18 4.9 74.5
40 27.4 3.18 9.4 68.5
80 42.8 13.9 233 53.5
160 59.1 39.6 61.3 36.94
4 v %

A ST I A= 0T A DX ) AR R SR R e T 2 MR FLER B, 4 5 A B A R FUAT B AN R L
FEE, BT EA BRI RRRE T, DR 5 352 5 1R pH 6.3 FFAIR A 3.0, 7E MRS 55352 2L, 33 2 R B 4] S A
TR S 4 T 52 IV AL P REARDL , 1T 15 52 25 3% 320 e/mL Na,SeO, , WA R 4H B 55 AL 0] 14 74.5% , 3% M itk — b
F 5 FLIR P A5 0 AL AN R TR T JE
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