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Screening of lactic acid bacteria with good characteristics in natural
fermented sowthistle from Ordos

REN Pei-Dong LI Shao-Ying© WANG Bao-Li LI Tian-Tian
(College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China)

Abstract: [Background] The flavor and effect of traditional natural fermented sowthistle in Ordos
are unique, but little is known about the species and biological study on lactic acid bacteria in
fermented sowthistle. [Objective] In order to obtain lactic acid bacteria used in industrial production.
[Methods] Through the determination of the total acidity, the high-yield acid strains were screened.
The morphology, physiological and biochemical characteristics, and 16S rRNA genes were studied.
[Results] All of these five strains are Lactobacillus plantarum, and the temperature range of growth
is wide, and they had the characteristics of acid resistance, alkali resistance, salt tolerance and heat
resistance. [Conclusion] The experimental strains have good physiological characteristics to be used
in the food industry.

Keywords: Fermented sowthistle, Lactic acid bacteria, High-yield acid, Identification, Physiological
and biochemical characteristics
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A, ARV E I . A0S SR R A 7 7
DL 3 A SRR 5 v 0 LR T SO AT 2 ik 2
X L[N — B S WS T (H R N AR A
BEXF A ORI S R AL B IR Y 20 B SRS Y
HIH . AWEFEHRGE A SRR S AL R FLIR
W, B AT a1 R S
AR B R BRI, PR Y
12 e DA K7™ BR A5 F B R R T 7 it 1) o JB A A
7 BT LA BR LR TR A4 75 5 LA B PRI ST X SR
WTERRT Gk P AT R o T, At
FEINGP IR 22 37 1 P B M DX A 1 AR A I il
et AR e 5 MRk TRIGFLIR R, S
177 B A SRR E RIS, 1Ky R I S it
PER ML, I oy kb i Tl AR e fit
I, oy R 0 R B AT A A R —
AT SR A .
1 MRS Tk
L1 #F#
L1l Hm

KA AN ST SRR 22 i ik B 4 I R
B 5 PR PRI R MRS, L9 A
Bt
112 fRAEE

¥ ¥ FL AT T (Lactobacillus  plantarum) CICC
6238, U5 h ZB, kA P TR Yy Fh O
(EpLIGEN
113 EFRE. TERFIRINE

TPY . MRS, GYP BiFR 3 J " BRI bk i i 1 5%
SR RS2 STk [4-61 T VAT . BT R
AT, T R XU A~ R R A R
Al AR S RE ROR R i i PR 2 0 )
AR DR BAT BRZA w) AT I A A ik
FIABR ] AR 41 DNA SR & (804
AN FAC T RARAE R A R F] ;. DNA marker
DL2000, 6xLoading buffer Fll 2xEasyTag SuperMix
W4T TaKaRa A=Y THRRCKE)ARAH],

LHNA AT, RIS R BR
Al AfREEFEA, REERHERRA A HAER
KSR, AR RZRAER) s BRIk, JERE S
HEFARBIR A e BH%E, Olympus 2AH];
PCR 1%, Applied Biosystems 2\ F] .

1.2 FHi%
1.2.1 BRUHSIBRENS BS54

PR SR S Ay AN R TPY #5385k,
37 °C K557 24 h, ¥— AR 2] MRS IR
Ferfr, 37 °C Kig% 24 h, 1BEIE 2 R 4kEE
A MRS WA EEFR 5L, 37 °C 5537 24 h 15 3)E TE
56 3 TRV K50 3 ARTRIRTE 7 R A A e 5
Ik FUHTRIZ NS, 16 37 °C., 7% COL MPEEAAIF R
IREANRGFE 24-48 h, PRI BB IS S 0R V%, 2R
JEFE MRS AR 4k s alifh, PRk 4 R
et BRI . Ho0, BERATE . JCEERIAT & LR TR AFAE 1Y
TR, IRMBEER . ORAF, DARIRE . S
122 #HiE RS &

HORAF R RS Ak 34X, 26 3 ARERIE 3 000 r/min
B0 10 min, 3R BIEWR, BEEFRRMA SRR T
A FRER KBRS 3 W, A SR T AR FRER KR
5], FEH
123 SEERBPRAITHIE

WA ARG 3 18, 4% 1.2.2 PRI IE
4N RO TR 3] 100 mL 9 MRS WA 35 5L
t, 37 °C Kig% 72 h BUREEWR | mL & F i,
JH 50 mL ZEMR/KHARE, TR 2 7% 0.1%M BN 7R
#1, F 0.1 mol/L iy NaOH HiEia B0 & IS I 21
2140, JCSRIHAEN NaOH ARiEABIAT, A HERE
SEATINGE 3 Yk, BREELL 100 mL KK P 7P R
%ﬁ‘[ﬂo
124 BFEBREKNEERKG

(1) FLERE MR XIofisk (%) = 7 R A i fE
FIHZZMT 208, LA 2% LB bR IR TR %ot HE
JEFFRIA K R BB 1 T iE=1:5:5 (IR L), FFmA
1% IR . DL 0.04% A V5 HY 193 55 18RS V5 W R i
@, FENTRIERZI, 2R
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RAE™,

(2) TEAFHENES . K T 3] 010 1w 7 R T Ak 4
FhE) MRS [EfAEE SRR, 37 °C K597 24 h, WEHTE
FHIE, PRIBOMALRATRYE , IR AT 22 [, 7E
R T SRR B

(3) AAbRetIATs . Fe IS R [4-5,91E1 7
H,0, BfALS . fifb Sl . PR ER AT . IR
S . V-P il . MORRIRER A A . e
LN )12 1Ko TR Wy D Wl 0 8 <1
Y ZLA 1 (Lactobacillus  plantarum) CICC6238
YR X} IR

(4) 16S IRNA J:[H F BUF S 5347 #iE ki
3 RBAWR, HiaR) G B P ER A e AT (1) 4 JEE 1]
2 DNA, i85 1%3fEHEERE UKk B0 DNA 4
PCR ¥ ¥ 9 51 ¥ & 27F (5-AGAGTTTGAT
CCTGGCTCAG-3")Fl 1495R (5'-CTACGGCTACCT
TGTTACGA-3"), ¥ B2 1 500 bp. 5|¥1H
A TAEY TR B ARA R G . PCR R
A (50 uL): BiH DNA 2 uL, b, Fi#fsl¥
(10 pmol/L)%% 2 pL, 2xEasyTag SuperMix 25 uL,
ddH,0 %M % 50 pL, PCR JZJvj £51F: 94 °C 3 min;
94°C305s, 65°C30s, 72°C 1 min, 3t 35 MEHF;
72 °C 5 min, PCR ¥ 3/ WIH 1% RSB HHEE I H
PRI, 264 T A TR (IR 0T RS Wl
FTPHIE .

1.2.5 SRR

(1) AR Ly MIE « B B 2% 4 a4
FF MRS WA SR 37 °C Bi 5%, ZMHE 0. 2.
4.6, 8,10, 12, 14, 16, 18, 20, 22, 24, 28,
32, 40, 48, 60, 72 h FUFEMISE ODgoo fH; 7E 0. 2.
4.8, 12, 16, 20, 24, 28, 32, 40, 48. 60,
72 h BOREIN A TE AL, 2l ARk

(2) Titdhiale: : $ B bk s IR T NaCl We iy
0. 2%. 6%. 10% (FTEAFLIL)H MRS WAR:E TR
Jerr, 37°C B59% 24 h, I5E ODgoo [

(3) pH 1250 : ¥4 B RS- 5I4F0 T pH 77 3.0.3.5,

4.0, 45, 5.0, 9.0 i MRS WiiksEzRtd, 37 °C
K597 24 h, MIE ODeoo .o

(4) P KRR T MRS WiAK: SR
b, HIFE 15, 25, 45 °C B3R 24 h, WE
ODsoo 1H.o

(5) TifHaEs : K P REEFP T MRS WA R
t, JE T 60 °C KR IIALLRE 30 min, 37 °C
B55% 24 h, WIE ODgoo fHo LA BRI LIATE B
25 1 MRS K525 % e

2 HRE46
21 BMHMERHRIABRENS S

M9 AR EEESEFES BRI T 18 MRS
FLERRFFEITE , g5 405 1-1, 12, 2-11, 2-17,
3-1., 3-2, 3-3, 53, 54, 6-5, 6-6, 7-1, 74, 7-5,
7-9. 9-3, 9-5. 9-8,
22 EFERERRITTIELS R

DISE 18 PREA I e 28 R MR FE 45 R & 1 R,
FEAHFIRE SR T, & Wbk R R AR, O
PEH 5-4. 7-5. 12, 1-1, 6-6 X 5 #R IR E Y
B, HorP 5-4 AOBRIE S 2.479% 107> mol, 7-5 FIBREE K
2.447x10° mol, 1-2 FUIRIE N 2.436x10 > mol, 1-1 )
TR g 2.424%107% mol, 6-6 HIFRIE K 2.427x107 mol,
28 R FRAEMIPR EE A 0.530%107 mol , 5 BRI L
2 AR R PR R E I 5 A5, KA A I E 1)
BRI T W, 25 50 8 25 (P<0.05),

PRSI PR

Strains

R AN

FXPPP P>

Q)\‘Zr

1 BEHRFBREFRKE
Figure 1 Acid production of each strain
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23 BrBREREESER
231 FHERERBHIEMHER

FLER 2 2T R P SL I 45 O RE B B S
FLERARE S I BE i A F R — O, e FLRR bR S
TG e ) 5 MRFLBR Y Re(EIFUEF T LB, 25
W 1. RAE N 0.3-0.8, L5HAM{E,
232 ESHELEESER

TRERY S RTE T TETE S L BAG 25 SR AN 2
Mk 2 i, 5 BREMWEESIEE, ALERES
RS, Horh 5-4 WTRTE R/NETE 12 TRTE N
KHvE, Bzl t, Rme, hgssr,
BERGAE A N L R, JOEEM T, e
FLER TR A RFAE -

1-1 1-2

B2 EEESQIEZREEBMELR

233 HHHEEER

HIZE 3 GRATLUE Y, Gk i 5 BRI Al
MR . V-P IRKE R MR ARG IR ER A
IR, JeizshtE, AT AR A AR A
R, PRl R 2 A I LA A

*1 ABGRENESR

Table 1 R; value of the fermentation broth

Samples R¢ value
Lactic acid 0.725
1-1 0.723
1-2 0.730
5-4 0.721
6-6 0.729
7-5 0.720

Figure 2 Results of colony morphology observation (A) and Gram stain (B)

R2 BEERSURER
Table 2 Results of colony morphology observation

Bk RV L S
Strains No. Strains morphology

i

The result of microscopic examination

1-1 WREOR, FLAM, DT, REDLHERE

Large, Milky white, Edge entire, Smooth surface, Moist

1-2 WRBOR, FLA6, MG, RGN

Large, Milky white, Edge entire, Smooth surface, Moist

5-4 WK/, FLAE, DGHEST, REDEHTIE

Small, Milky white, Edge entire, Smooth surface, Moist

6-6 WRBUN, FLAM, A%, REDEHERE

Pin point, Milky white, Edge entire, Smooth surface, Moist

7-5 HRBOR, ALAM, B%EFT, REDLHET

Large, Milky white, Edge entire, Smooth surface, Dry

LGP, AR, TCAE
Gram-positive, Short stick shaped, No endospore
B2 POPHPE, AT, TCH
Gram-positive, Short stick shaped, No endospore
B FRPEE, AR, JCEAL
Gram-positive, Short stick shaped, No endospore
B PRREPE, AEATRE, JCHAL
Gram-positive, Short stick shaped, No endospore
LRI, AR, TCAE

Gram-positive, Short stick shaped, No endospore
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R3 EWRRIENRFIESER

Table 3 Biochemical characteristics of strains

F4 RONERELEES

Table 4 Fermentation of carbohydrate of strains

Strains No.

1-1 1-2 5-4 6-6 7-5 7B

Items

Catalase test = - = = - _
V-P test = — - = _ _
HoS test — — = — _ _
Urease test - = - - - +

Citrate test = = = = = =

Nitrate = = = = = =
reduction test

Glucose - - - - - -
aerosis

Motility test = - - = — _
W o+ P - BN

Note: +: Positive; —: Negative.

H 2 4 BRI T UL, e 4 A 5 BRI AT
DAFIFH D-A%0E . BUhifions . ~EaLpk . age—m. R
Wi KA BENE. WA PN L
Wi, BIABER AP RUARE , XTILALEE . HE2mE
AR A TR A A A A] PR AR 5-4 AT LA
I L ALEEFN BN, AR 1-1 F0 7-5 A AR
Fa i,

it BRI AR, R (AR e T
My PR LR AN T A 2K e S st ik ) MY
X TBRIEA TR N S5, kR 5-4 5 AL
(Lactobacillus rhamnosus)FPEARLL, (ESEAFIFHH &5
B, ERE 7-5 F1 1-1 5/ FUATE (Lactobacillus
murinus)FEVEARL, (EASH FRRFERE, TEER 6-6 1
1-2 B4R 5 K FUAT I (Lactobacillus  sake)F¢ 1k
AL, AEORFI R ILBLEE . i AL G R TR A
RENRREZ, W HMESCREOEE AR
HH XA, BT —E i) 16S rRNA S
F BP9 ok €
2.3.4 16S rRNA ERA R BFFIDTER

I 1.0%Z RS FL Ik 73 AT 16S rRNA A 1
PCR /=¥y, W& 3 R, 800 PR FIBR HE R R 7E
1 500 bp AL BUAE 4L H 48, SHUIRMTE,
[[ONENG:7/F: i SRR PS5

Strains number

Items
1-1 1-2 5-4 6-6 7-5 7B
D-ribose 4 4 A A it it
Arabinose 4 4 A A it it
Galactose 4 4 A A it it
Cellobiose 4 4 A A it it
Sorbitol = = A = = =
Fructose + + + + + +
Raffinose = = = = = =
Salicin 4 4 A A it it
Melibiose 4 4 A A it it
Glucose 4 4 A A it it
Maltose 4 4 A A it it
Rhamnose = = A = = =
Xylose - - - - - -
Manitol 4 = = = it =
Sucrose + + + + + +
Lactose + + + + + +

e o+ BHPE; - B

Note: +: Positive; —: Negative.

bp

2000
1 000

250
100

3 PCR =44 2k El
Figure 3 Electrophoresis of PCR products

Note: M: DNA marker DL2000; 1: ZB; 2: 1-1; 3: 1-2; 4: 5-4; 5: 6-6;
6:7-5.

M F BLAST (http://www.ncbi.nlm.nih.gov/
BLAST)¥ 5 FREAY 16S rRNA JEN B E4 5
GenBank/EMBL/DDBI %4 2 v & 1T 51 #£47 L
X, 5 BRI SHYIFUFFE (L. plantarum)PFRRUE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEZR 4 SRR IX [ SR A vty S b O R AR LR 1R 114 0 1 2727

I, Ak 99%. A MEGA 5.0 44 5240 & B #
BEAFIRIIEME 0, 5 RanIE 4 Fos, 5 BRI vk
FIbRUHETRE ZB ¥ SHMIFATF R (L. plantarum)fH
MR, AFREREW ELAFR—5Z, 5
BLAST W45 5 AH—20 AT LUAIE 5 AR 0 AE
YIFUFFIE (L. plantarum).
24 SRR SRR
241 HKH%

M AR A K2R (18 5. 6)F1 pH 284kl 2k (K]
AT LIE L, Hkk 5-4 F1 7-5 B2 KA B EA KR,
SEAFHARCR, 24 2 h FFGHE AT EON, 8 h i ARRE
19,32 h i ATET I, pH SR 53 IR 2 3.78 1 3.79.
PARE 1-1. 1-2 F1 6-6 MARKAGEHUAHIT, 4 h JFiRiE
AXTEAN, 8 h i AFREN], XTEORHELLAT I3,
AR Kb, 1-1 A1 1-2 76 28 h HEAETI,
M ERE 6-6 78 40 h EATET-H, 1M FLIG BB AR A
KNS . 3 AR pH AR LR BN F-2%, fIk pH
3510 3.01, 3.00 F12.98, FERERAES1HE

1-1 (MG890191)
5-4 (MG890193)
7-5 (MG890195)
ZB (CICC6238)
1-2 (MG890192)
6-6 (MG890194)

242 TEIRELER

I 8 FTLAAR , RS- L) NaCl VR LN 2%
F, AR AR AR KA Z 0 IR
1Y NaCl # 2 6%I6F,  #5 BIPRIS 32 B2 G A
1M HAZEMA AR EEARIT ; S5 RAER) NaCl #E
10%M}, 5 BRIP4 Z 200 B A, 2520
PR [l R 420
243 pHIRIELER

H I 9 FT L, KRR 5L 01t pH (EXT R AE KA
BORINEEN, 1REG ) 5 BRIASZ 0046 pH IsZ T,
TERGFREE pH<3.5 I, A i AR i AR KT 1R 32 3|
BRS04 3.5<pH<4.0 I, iR itk BIRZ
Bz, (ARAERKROUGREF; M407E 4.0<pH<9.0
WEErhy, A RIS AR AR I SZ 5, T HL
TE pH 9.0 B, P IR0 PRI A K IEAAZ 500 5
HHEERE 6-6 75 pH 4.5 B ODgoo B35 5 T1EH:
i pH, [R5 i T A R RRTE pH 4.5 B
ODgoo .

Lactobacillus plantarum (NR104573.1)

Lactobacillus paraplantarum (NR025447.1)
Lactobacillus fabifermentans (NR113339.1)

o

Lactobacillus herbarum (NR145899.1)

Lactobacillus xiangfangensis (NR109000.1)
Lactobacillus plajomi (NR136785.1)

—
0.000 5

Lactobacillus modestisalitolerans (NR136786.1)

El 4 ET 16S rRNA EEFIHXEERSHMABKENRRELEN

Figure 4 The phylogenetic tree of test strains and other lactic acid bacteria based on 16S rRNA gene sequence

TE: 0SRS5S R PRAY GenBank £ 53 SR 55 21 RS 0.05% 1951 22 52

Note: The sequence number in the bracket means the GenBank accession number or preservation number of the strain; The scale means

0.05% sequence difference.
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t(h)

Bl 5 ik ODgoo {EREE =T 8] 2 10 B B 2%
Figure 5  Changes of ODgy values of broth with time

0 2 4 8 12 16 20 24 28 32 40 48 60 72
¢ (h)

Bl 6 iHEMEETRAT R (LA Lk

Figure 6 Changes of viable count of broth with time

6.5 -

02 4 6 8 101214162024 28 32 40 48 60 72
1(h)

7 B pH FEIEFRR E TR th 2k
Figure 7  Changes of pH values of broth with time

25 ¢

* . * * * % .
-

2.0 K * * v
g 15 0%
S 10 =2%
+6%
0.5 4 . * % x 010%

0.0 A 41 11 A 1 [ ]
5-4 1-1 6-6 1-2 7-5
Strains No.

El 8 FEZIKRE TEKIEKER

Figure 8 The growth situations of strains at different salt
concentrations

FE: % Al B RR ) 22 53 2 (P<0.05).

Note: *: The difference between the same strain is significant
(P<0.05).

30
25F
20F
S 15F
© 54
1.0 ——1-1
-0-6-6
05F e 12
0 1 1 1 1 1 1 +’7_|5 J
3.0 3.5 4.0 4.5 5.0 6.8 9.0

pH

B9 EFEME pH EXEHFEKAZNG
Figure 9 The growth situations of strains at different pH
value of medium

244 BEMMRRIEER

H1E 10 AT LAE H, ISR HRTE 25 °C IE# 4
K, ShRME 37 °C FEFRIAEE T A KAG OUA H I
BES; AR ERE 15 °C A K R, 2R
UM, HR AR 1-1 A 1-2 7E 15 °C B
ODgoo TEIE = T HAY 3 #RRIO K, 45 °C B
B SRR R AR 1-1 AN 1-2 A, BEBH AR 1-1 A1 1-2
TEARIR AR BAF, ik @bk 5-4. 6-6 Ml 7-5
Z RS AN R, 7E 45 °C Y ODgoo [EISAL T
37 °C 55T ) ODegoo (H., “BEAITE T A5 R IR
AR,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEZR 4 SRR IX [ SR A vty S b O R AR LR 1R 114 0 1 2729

v15°C
m25°C
r.37°C
045 °C

5-4 1-1 6-6 1-2 7-5
Strains No.

B 10 FFEEX ERE KRN

Figure 10 The growth situations of strains at different
temperature

E: * A BRI ZE 5 53 (P<0.01).

Note: *: The difference between the same strain is significant
(P<0.01).

11 ATDL, 5 Rk 60 °C 7KV n#A kb 3t
30 min J&5, ODgoo (B3 X RELHAA — EFLE I REA,
HRR bR 5-4 22K, 1-1 JEACARZ 5200, ] IE
WA, HAR 3 BRI ODeoo (HFAFEAR, A KIE L
RA47

3 g
WU, T RRIEFLIR I 19— T EHIE,

A g RV 35 S L T 328 4 1Y 5 AR TR iR fig

B, Forh R PR 6-6 19 Kk VR AIK pH (B 2.98;
RIS AR A PT AR, 7E 15, 25, 45 °C T4
Ko B, i H 233 60 °C /KIFALER 30 min J&
A KOIRI B, R 5 AR T 0 0 I Y Rl 4
J7, ATUATE Tl Ak A= . 5 vk —&

23

£ * * * *
22 F *

L &
2.1E * * *

S 20
1.9F B Heat treating
Ty O Blank
1.7t I
5-4 1-1 6-6 1-2 7-5
Strains No.

B 11 SRAENERE KRN

Figure 11 The growth situations of strains after high
temperature treatment

FEeo % Al PR ) 2 57 1 B 2 (P<0.05).

Note: *: The difference between the same strain is significant
(P<0.05).

AT AR BE T, BRI e AT I T £t R
FWHIIET) o TE NaCLUREE S 6% Rssdtdr, 5 1k
WA AE R EEAR A Z 52 m, (A2 NaCl ¥ FEH %
10%0, ETMARKZ B> EIH . AT AR
ZIMIERAE 6%—10%Z A3 & B FEAN ) NaCl
VPR B, DR G AR 4R B350 TR A X NaCl i f KT
SZAH . o 2E TR E B T A 1B A AUEAT — R (W T IR
I BREE J7, ABETEHY 5 WK T 7E T R 1 B 7 i AT
RAFIFRI, HIRETER S IR BE (pH 3.5) A5 i
B RS (pH 9.0)rh R AFA &, T HL AT DAAI A
SE DL AL I 1 £ 2 — R o, B R3S
AT R .

ARk, HAT O R AR ) ZL R P 4 N 8 b 43
B ROERR], RS B prpepgt)
7 M P 7 R LR T 430 A ) T L 7
R WHZLFF IR . A FLRF A . LA TR R R B
BRER . H ST B I BN G 200 (Sl 5
W= LR TR, T SR R I S N S
TR B2 LIP3 1l DA R 5 B i DA BESE . AR
LG TR Z T DX 1) SR R B SR E NS 4
X PR Y 5 Ak R LR A T T AR BAE AL
PEFRIE, FF4 16S rRNA LR R BLY 51 % Yo il
YFAF (L. plantarum).

4 HGw

ARSI NN S FR XSR/R Z b X Y A 98
K e SR O Y 5 MR R IR, 28 16S rRNA
SEIN P2 o M dsy S e I LAF I, T EL 5 BRI AR
KAREVERTEZ, @ BAMR . Wk, k. i
UL R AT 4 A OO0 AR, STl
P =P it T R B DA IR i
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