H2745 SHTH A Vol. 27, No. 7
201547 H Chinese Bulletin of Life Sciences Jul., 2015

DOI: 10.13376/j.cbls/2015116
XEHRS: 1004-0374(2015)07-0837-10

RKAaP, L, #R, WHEHREFIF., AREAZETRLRFNASA
PHEARAEIRBXFTRELERZE EE, BRGFZLEARAK RIS Sm T
A REAFRE AT, R AL R A BORA AL A A 4 TR A A LR 5 B b b K
RALHILRRBAARF AR IRERET IE, BRAEFFAFASL
RKEFH, RKiaFH Lt xAmadr, BRETIAF IR, FK A%
BRRY FHFER” AR5 AH — M H RBIRF £ The ISME Journal
(IF=9.267). Molecular and Cellular Proteomics (IF=8.79) % SCI 4 F#1F) & %
#3109 % ; % Lactic Acid Bacteria: Fundamentals and Practice (Springer
pRAE, 2014) A= (IARELS T F M) Fi63 19 3¢,

BRAEI S mP I BRENEY SN

5K -
(W ARSI AR S TRH I AR, AT 010010)

W OE Rk, XTHARKEAS P IARE LD Z AT R E. EENE IR AN E
MIEAR S THREZE 5 S = W T TR, X B SRR BEFLH] & FLBR W A 2 REE AT 4708, IR T
FE G Al 55 37 7 A 2 S RN A H AR FC A B, 8 7 AN B 2R R B L ) b b LR B I 0 R 22 B R g AL %2
FEMES

KR - FHAAKREEFLN ; LR s AV E R

FE DS : Q939.11°8 XRKPRERD : A

Biodiversity of lactic acid bacteria in naturally fermented dairy products
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Abstract: In recent years, the study on biodiversity of lactic acid bacteria (LAB) in naturally fermented dairy
products has become a hot topic. In this paper, the biodiversity of LAB in the naturally fermented dairy products
was reviewed based on research results by the Key Laboratory of Dairy Biotechnology and Engineering, Ministry
of Education, at Inner Mongolia Agriculture University. Meanwhile, species diversity and genetic diversity of LAB
in the naturally fermented dairy products were discussed based on traditional culture method and metagenomic
techniques.
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H AR R o2 fe AL R, 2 A
SRR W) LR R 77 o R R I 2L 1) ot 1)
B Py A& A, A, kU7 A R B AE 2000
ZAERTHUA IR A AR R B AL ) s
FL it (1) R B W) AN — PR SR, By 1R85
FBL, WA RN i L 7 = 4R LK B AE 2%
BRI G 40 B AR KBRS 5L, L JE e K
AR S, IBMETHR R T AR A AR R L
ik B, FEAREREAL. RO RIEF L.
fRIEFL. BRIL=EFL. Hhidr. AU FLE S

H AR R B AL R E AT B H I & 8T AR A%
A I AR SRR . b B R 35 DL KA (] Fg i)
ELE, ALA5H A 255 i) PR B AR 2 RO R
B XA E LS KM B B RIEFEAYIML, A
Z BAMN R AR AR A A PRt K B AR, 028 A B
Lactobacillus casei Zhang®™ 1 L. helveticus HO™, 1%
AR EEFHE R L. delbrueckii subsp. bulgaricus NDO2"!
A Streptococcus thermophilus NDO3' 253543 85 1 3%,
PSR AR R T FL o R B AR R B FL A
WAREREZ 5 B £E, EXTHPARE
() A= 22 1 L BT 4 SR A 45 BB 78 4 I 7
AN S AR 2 I AR S TR E
NSO T AL RO, 455 N AN
FHARIE, WY 2 RS AR 2R A R B AR
R et b LR R K AR ) AR AT 450

1 ETAEAFRANIRE S

Hul, ERENZ G #eE. k. 5. 1Y
N HR = D R E H X DL 52k [
FER S W ATh VR T A AR K i i 4 BT A% 1 R 1)
FE 58 T7 1R E & P L, X A5 A% Gt K 9 3L
il 12 Bt I FLIR W B AT DME K . IR, BB L
PR TR B FH AN TR, N AMBIE AT N SR AR R
FLHF AR A 2 AT T KRR IT

12 5 7. (Koumiss) #& LUHT i B 7oA kL, &5
T T AP0 7 B A S Tl A P 3 8] R R T T B TR 1P
RWHS & EFLYORE, R EAE R X, B
DR S E U ER NS RS X
HPERE Y. KA BREZ N EE, R
£ 1997 4, Ishii 45 g o 1E py 52 08 b IX 1R 15 7L
FE b LR B8 2 AT T AT, R X R E
S ERYGIL R R 43 BRILR E AT 78 x, 18
FE 33X S8 B i A 2 R TR 2H R DA B 2R B LR R (L
rhamnosus) F1T- & A H B T B L F (L. casei subsp.

paracasei) Y H BE. Burentegusi 25 ¥ N
HLIX 10 4 B2 5 FL b 7 3 458 H 258 MRALIR I, A
J&T 64 g 11 N, HA RIBERE (Enterococcus
Saecium)~ 17 5 B B 2k TR ] 5 WE Bl (Leuconostoc
mesenteroides subsp. dextranicum) F1AE Y LA (L.
plantarum) NI HFLIE H . 2004 4E, An 25 Pt )
NS AT HLIXCREE 6 IR 5L, 70 B %€ 117 k5L
FRw, 3B KA R (L. plantarum). JHEFL
FFEf (L. pentosus) FFLIRFLEK B FLIE WFH (Le. lactis
subsp. cremoris) R B oA E LA 1 (L.
pentosus) T YA H AR B, rh 43 B 3. 2009 4,
Wu 25 U 5 py 527 X [ SR R IR S L P AL R 1 %2
FEVERIBE S fR T RS FLAT B (L. casei)s Fi - FLAT
(L. helveticus) FIFE W) AT W (L. plantarum) 1%
H X2 S AL P LA IR . LA B A TR 4S5 SR AT A
AR KREE DA s R LR W R A
AR E S o

2008 4F, Watanabe 2& 'Y %t 52 1 [ e gy, 15
AR, RKEESE 6 ANHLIX I H AR R BEAL S 5 AL
TR 2 FEVEREAT TR RSG5t . fITRE T H
MRS A FB4A. WLEAL. FILERER
53 4, Iz ARG A7 Horb AR T
Z RN VR S5 /3T 7 o0, Fa s A (L.
helveticus) 75t Bl 1 L8 TR B AL H AR 4 FLIR 1
T 728 B 3L AT B 4% 0 R S E Fh (L. delbrueckii subsp.
bulgaricus). RKIEFLF B (L. fermentum) FIWg HEEEK
(S. thermophilus) 1£ At 7L 5 L 1] i o i 43 25 4
REGES TR I, Takeda 25" x5 Hp
B PRI R AR KBRS IX AR R S 9L, 4
FUR AR 2 Bt B ds e, B LB (L
helveticus) 1 18 [C L AT 1 FLER YU A (L. delbrueckii
subsp. lactis) ;e LI FHE, (AN A8 EQFLAT 1 IR
INAENE A (L. delbrueckii subsp. bulgaricus). ¥
LA E (L. helveticus). KW FLAT & (L. fermentum)
TG EEER B (S. thermophilus) 24 B 98 K B4 LAY
A HERE. IXLEHEALS Uchida 25 U B F2 45 S — 3L,
PPN E ST B (L. helveticus) & 52 [H BR 5 #L
LA B . 2014 4F, Ring % " R AL G 4liRE 7%
16S rRNA g [% % 72 1 DGGE #H&5 & M 7L m i 5
7S 2 AT X R S AL IR A I 2 AR, AMY
i —REGAIE T 3 AN (L. helveticus) 7252 1 [E 3
X LI PR A B0, R R T DEAD)
¥ 16 J& (Acinetobacter). *F {0 B J& (Bacillus). W&
P JE (Psychrobacter) $1% /R J& (Pseudomonas)
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H1Jed B BR T @ (Ruminococcus) 55 20 ¥ £ K 9 1 5L
HAEfER

2010 4, Sun 5 T NRE NS B,
WS DCREE TR S UL o 48 1y, RSt 1 IRE
ANFEIHL X E A R B A b IR R 2 . A
Lo B B 171 MR AT R, R B EG & AT R (L
helveticus) 2~ 7 58 b X AR 35 & A, T B FLAT & (L
casei) Ffi LFUAFHE (L. helveticus) FIFEYIFATH (L.
plantarum) 55 3 B FLAT B AR N 52 3k b X R 2 95 v
H AT AR v, T X R S Y (1 A 5 B A 9 e
Y 3 ¥ B (L. plantarum). X 5 Hao %5 "9 5% H
DGGE FUF J& 5 57 14 51 4 PCR (1) 77 ¥ X8 3 i th [X
e DA AR B 2 A A S R G, A SR

M (L. helveticus) A3 5B X 12 5 FL A B B AR
.

ECERAN [F) B IX SR A 9 5 L rp PR TR A R (3R
1), HAEiHAAE (L. helveticus) N T BRI A
FRTR, A7) b I8 7L R 1 4H A o6 =F & 1 2 R,
TR R aRh X R 5 FL K LA B (L. fermentum)
Ay FLWAE FUAT T (L. kefiranofaciens) 47 125 5 25 A
XTECE, TN S X R G ER T (E. faecium). 1
JI6& B B Bk B ] SR 0 ME P (Leuc. mesenteroides subsp.
dextranicum) ) B S AR B 5 5 B L X A
FEANT R (L. casei)s LI B (L. kefiranofaciens)
F 7 PR BH B BRER 1 (Leuconostoc mesenteroides) /&

®1 TEIBRLXBIAF RTINS IEE

X LG e 12 7, [lrEe et FLJ
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2010 4F, Airidengcaicike 2 "' M P8 5 5K B A1
st X R AR 1 44 1 H SR R IR 2F 3L, (Tarag) 47
LRI 171 ¥k, JFEE R 4 NE, 12 DSMANERH .
I3 R IAEFEA B AL ARl . = b X DU B AT
(L. fermentum) F1T- BN (L. casei) N HH
HE, FEAH I (1) ek r 1] s D0 b X DA FLA B (L.
casei) FIFEPIFANTEE (L. plantarum) N . Shuangquan
A W RE MR, WX G R &4 AT
Y AT H (L. plantarum). T B LA H (L. casei)
FIHEAFHEFLER A (Lactococcus raffinolactis) N
Bf. 2012 4%, Liu %% b3 [ g 5234 Z X 198
By B AR R A AL R FLIR R I 2 AT T RS
o RIEGHFUAFE (L. helveticus) FLERFLEK B FL
T NP Fh (Le. lactis subsp. lactis) Fl T 1% F A H (L.
casei) 72 PN 5 AR HLIX B IR R BERR 48 3L (R A 3
AW . N T ERF IR B R R A
BRI I Z B, 2012~2013 4 4 52y A0l K22 30t
AEER S TREZCE 308 S ie = R E ek #T
SEUL SRS WA AR BT RRMg s S X R
LB H AR R L 5 301 4, 0 S S e ALER I 1 537
R (EE R &K ), FHA o, Hramih X A 3 3
TR T N K BT (L. fermentum). ¥t A AT B (L.
helveticus) FEE AT B LR IMANELFR (L. delbrueckii
subsp. bulgaricus), T2 Bt X L H FLEE AN
B - AT (L. helveticus). XEEHFTELE R KW T A
[F 1B [X IR R T A= L AR AR 2 A I LR B VR 45
f, HEAREMNAERE, XARe2 s T AR
XA il B SE S AR R E R R R B0

2010 4, Sun % % WSy [H R AR RL AR, AR
S BEAEHN X SRR F AR R A AU 20 £, R4
HE ) 74 AR, Horp RKIEFUFT R (L. fermentum)
AF LU (L. helveticus) RZHLIX H SR K FEF-FL
RS ALRR . 2011 4, Yu 25 P xf 5200 [ 18 A4
BTRAE 189 1 HAR KL (Forh 173 4 B AR K 8%
A AL ) B FLIRR B 2 AR PERI T 4R Y, e VR BR TR (S.
thermophilus) i - FLAF 1 (L. helveticus) F11E [ F,
R IN R E R (L. delbrueckii subsp. bulgaricus)
A #. 5 Watanabe 25 "V 1 Takeda 25 M {1
WL R —EU 2, #OA S FFLAT B ORI A E
F (L. delbrueckii subsp. bulgaricus) &5 i [F H IR &
A AL LA LR BRI A B o X 51 7E T Watanabe 25 'Y
HI B 70 30 2 FUAT B (L. kefiranofaciens) F1 %+
FUATF B (L. helveticus) 43 B SR ¢ 7%, Takeda %5 '
WA K B £ ALK # (L. helveticus). K EEFLFF & (L.

fermentum) FIRGHEEBRE (S. thermophilus) &
fFo XWPE—BRUIA R 3 IR KB A5,
HHPAE ., AREREER, BRI E
PR A .

P2 6 1 3 (Kurut) /& 75 7 e Ji i X 20 2 ROR
R ) R N B e B I LA, 3 WA E A 4
TR Wi i E AR R LS . 2009 4F,
Yu 25 PR 16S rRNA-RFLP $ A% 73 15 [ 76 e
X EAE AL AL B 2 A AT BT 7T, ANOGR L T
— R PR LR B R BOR, RN R 1 PE e
X B AR B AR AL P AR 5 LR B, FRH
RIFFNTHE (L. fermentum) F1Es-FUATE (L. helveticus)
N ERE. 2012 4E, Liu 25 2 KA 16S rRNA 72
WeE S P2 1K) 77 2 AN 5 77 1) A T 0 T B LA 1 (L
helveticus) 75 78 ek b [X 1% %6 4 L b () 00 3 3L R 141
B BEFLAT TR (L. fermentum) F6 Hy AR BLAR, M
B L AT B 4R i A WSl (L. delbrueckii subsp.
bulgaricus) H AN B, RN 1/3 1) 50 B Bl
WE ARG, RYHERXEAL SR BRI AR
AR EN A AL

2010 45, Sun % 0 AT IR M L 3 S A
WAL S5 b XCR AR H AR KA 3L 43 4y, il A
FRAAE AN 16S rRNA 551 73 #7 (1) 7124 148 PRALIR
EIJE N 5 AN E 13 AR R IE PR B
(S. thermophilus)~ 5 [ FL AT B8 L& 10 F) S22 FF (L.
delbrueckii subsp. bulgaricus). F6 ¥ H. ¥ (L.
plantarum) FFLELE FLER B FLER A (Le. lactis subsp.
lactis) NINHGRE, 24585 ZATVUEIMHLIX 5 AR K
FEREAE FLH LR B () Z P AR EE R ORI 22 57

N BRI B AR R R AR AL TP LR W I 2
FEPE, S AR i AE R 5 TR E &
H A SEIR AN SH IR H R X AP )14 4
i e JER A B A DX SR B B R K T 2 LA i oz 55
FEd, WA PR W 2 BT R G . 2012
4, Bao % R & H H N A H R UG B AR X
(1) 39 13 BRUFE A FLFE S AT 31 4 A it A 0 LR B
ZRENEBEAT 00T, R E Y 252 MRILIR A . 48
WESNBEER (S. thermophilus) [RE W B i i
' (Leuc. mesenteroides subsp. mesenteroides) Fl¥i=:
FUFTE (L. helveticus) JyTH v X BRAE A FLIM LA T
HE, 1T R A AR 0 B R AN O i FUAT R (L.
helveticus). [F4F, Bao & P9 438 7 VY )1 40 Jf &R
20 13 FRUEFFLAN 28 43 A (L 10 4 il 4 4
FIRRFLIE ) A il R LR B 22 FEAE, DG VR IR TR (S.
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thermophilus) & BRYEF AP LA EBE, B LA
(L. helveticus) F Jiz 5 W 55 B T8 g JBE 2 (Leuc.
mesenteroides subsp. mesenteroides) 4 i FE i H 1)
AR (015 Ao 25 BT Xt )11 41 J5 B R AR 2F 7L
LR B 2 FEE I ST S RN, R DL A Bk
(E. durans). KIEANTHE (L. fermentum) FIE| T
AN (L. parecasei) NFEEFIARE, TondE—
iy XA [ 52 o i 1) 1 98 R e R A SR B AN [R] 1Y
FLUR W A Z e, HIATRE KBV S50 2 R EBK.

2010 4%, Tan &5 " b e, HRA PGB (1)
A i T ALR B 2 AR YEREAT o, Fa S R
FRAR A LR B 2 W IR B B ER B (Leuc. mesenteroides).
G JUANHIX (1) B AR R B AE 2F L b AL R B 2 AR E
(F 1), HAprgAEEERE (S. thermophilus) & 7
HR S DY X A L R AL A s A, JF HLAE
S FL AT B 08 0 ) 2 E Bl (L. delbrueckii subsp. bul-
garicus) Fi £ FLAFH (L. helveticus) LA K Jig 5 0 H
PRERTH (Leuc. mesenteroides) {5y B AR MW &, 1]
Re N H AR R TR 2R FLI AL IR A o 1 il hr 32 2
() FLER B DA L FUFT T (L. helveticus) A fig i W B Bk
(Leuc. mesenteroides) NLFBEHE, XLLHf T 45 R
R T AR KL R M PR LA T
ZEREAE T FERILRE Z .

FLRF A& 25 B A R T e X ) — Fol 1 SR R T
FL A, RSN FLE, B 500 ZEREA DL .
LB SRR E F R P HRILE I, A5
GRPE. RS T 2HIE. 2009 4E, Liu 2 7 %t
A REET AL X 20 4r F 0 (BRFLTE ) BRI
FLRR A Z FEPE AT IR AL, Lo BS %508 85 AR AL
BT 9 BRERE, b3 L FLAT R (L. helveticus)56 Bk,
R R B IR . BT IR R AR
e EAREMEM T2, RILE 5k 1) LR
T e R A B L ALER B (L. helveticus). ALK
AN [E] D0 T 22 52 98 kB AL h AL R e 22
FEVER — DN EZ R R 1, A A IR,
FREZ R KEEFLN 2R, N T2 5
ARA R AR R 3R, Bl TR+ & AR
EZESE

2 ETEBBRNFRARNIAREZHESH

LG AR IR BN BAR AT DLRE i B 5
WARTAEY), B B T AR SR AR TR BORTE TR R
BRAERI T, ARXEATR T ARAE St B AE ) SE Y
ZRENE, EIRAERE i 8 SAE A Lo B

A RAGAR] P, T KGR T R E SR
RIS R AR A AR A AR E L2
FEME DS A B A7 TS 52, S RO R 7L i A )
TR E TR Z0E 0 8 S % B 7 (A1 AR F 7 =
HEns, DUREATE. ZiEARD 5% ERA
[F FLUR I 86 A~ H AR K BEAL G| oA X R, MAE
BRI ARG w7 T B RS FLR w2
FE o

FLAE 2012 4, G ZEAE YR 454 v il B
JF A A I T BE DRI 2 # P T 7 ik X [ AR K B 2 L
AR Z AT IR R EWT T, LA 16S rRNA
(1) V3 X938 DFRE AL, 40 5l3RA5 2 058 F11030
FmREFA, SRRPETTRK b, M EE
FEAEE B ] (Firmicutes) ZH A%,  [R) B 3460 381 A% JE B
I'] (Proteobacteria) A1 ¥/ i ] (Bacteroidetes) H 17
£, 158 7K1 B w % w F Z AN 8
(Lactobacillus), S51&4tai1: 3% A BI85 % —
. 2014 4, Sun 25 PSR R A 7 200 R4 E
E NS HR DENR A S ER 17 A2
RIBEFLFE s EAT 734, JL3RAT 54 986 5 BT 41,
IR 3 234 5%, r A JE T 47 MR E,
Horp A N A R (B D). FraFes
#8 AL [\ 7 7 FLEK B 8 (Lactococcus)  HE 3K H 8
(Streptococcus) 5 14 A~ W IANEE &, R ZEAS 31
BE PR I ) 42 7 IS R (Escherichia). Y0171 K
J& (Salmonella) AR A7 L -

2015 4, Xu % P LL4H T 16S rRNA 1) V3 [X
YL PR, SR AR RN BN RAE A
Hh [E T SR I 22 AN B AR R I SRR AT 2 AR A,
ILIR1G 245 423 XA RTH, HET 6 ML 694
YR . BT WLAEEEE R [ (Firmicutes). AZJE 4
I'] (Proteobacteria). AT ] (Bacteroidetes) A2k
I'] (Actinobacteria), iAWl 2 HE 3 # 1] (Verruco-
microbia) fll TM7. 69 A& AMNAFEH KB H
PR, AL BB A4t LS B, [R] Bt e ) £
WA M, WESIR 1R & (Acetobacter) i 2 iR
IRIRH &8 (Kluyvera) 55, KRKFE T HRKEEALT
YN ZAEE. [F4E, Liv 25 % RA R IE, X
KA H H E U 16 4> H AR K B A FURE kAT
i, AT 112 173 26 80751, HER 11 AT,
H A g EE R | ] (Firmicutes) 28 /2 | | ] (Proteobacteria)
AT 1] (Bacteroidetes) FIi 28 [ ] (Actinobacteria)
R 99% U b HErsE. N SEHIX H A
REFLFE S SRR AL, LT 38 (Lactobacillus) 74



842 e

¥ 7%

Gansu Sichuan

100% -

90%

80% A

70%

60% -

50%

40%

30% A

20% A

10% A

0% -

Uncultured
= Tenericutes
W Actinobacteria
= Other Genus
W Cloacibacteriums
¥ Other Genus
B Acinetobacte
B Enterobacter

Acetobacter

DLIIVGOII0L]  sapaprosIDg

= Other Genus
= Kurthia
® Macrococcus
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1 BRAKEISSFAERAN 2"

2014 4, Oki 25 PY DL 16S rRNA # [H V1-V2
XOMBE R EERERR I 7 HR, 0 TS AT R
L2 R, RKEESE 6 NMHLIX 53 4 2R AL
AN 2 AR, RIS 192 888 LA XUF A, Hg T
3T 21 AN E . HAh AN R R vz oAk, Bt
& (L. helveticus) RS LA RE, M1 iFE
FUAF# (L. kefiranofaciens) &34 FZ R EE .

Mz, L ST B AR AL G A R 2
PEEAFRRL (B 2), FEEHFRICHIATE (Lacto-
bacillus). FL ¥R (Lactococcus). ‘5% K i (Strepto-
coccus) FEEFRIT & (Acetobacter), F X FIAET

Yogurt (n=55) Kurut (Yak) (n=19)

China (n=53) Mongolia (n=5)

900

Koumiss (n=6)

Russia (n=28)

] % 19 FL ) it TR S RR AT R (Acetobacter) 155 & W 3
ETEEEFES, AT E (Acinetobacter) i 3 /b
THREEFES. BB R R EZERE BRI
NFHNF W (Lactobacillus). 5 BK B (Streptococcus).
HA.BRE (Lactococcus) FIE TR AT B (Acetobacter), H.
FUAT B (Lactobacillus) )& & & 20T op B A1 52
H 2R K B 3L, FLERE (Lactococcus) Fll 4 BR
(Streptococcus) & & 3 T H BRI S R 5

i# ik Chaol F8%UF1 Observed species 43471 & Fil.,
M i B SR R T L A R P = R e, T R
AN BRI . AN ELFLIE A FE 7 i R I B SR K
P L o TR B T 1 B by, KA FL . RKIBREE

Traditional cheese (n=6)

B Lactobacilius
W Lactococcus
B Leuconostoc

Streptococcus

B Acetobacter
W Acinetobacter
B Citrobacter
B Other Genus

d

E2 BRXEIASAPIAREENSE



Eyd

BRI SRR b LB B 0 M RETE 843

A FLIRZ s KT Sy LR i R A0 T = B B [RIFE b,
i@ i Shannon F11 Simpsons 73 #7 & L, % #r H
SRR EFL AR AN R 2 FEVE =y o MASTRI LR A AR
GIAT I E AR R B IR S FLAE A T 2 A I B AIK, FL
P it R A 2 R A

3 BARRBEILPIBRREEESES

FLIR B A AN GH B — ¢, Dy 1 PRIE IE NFT A
T BRI 3eAS . B RIS 5 T BO IR B A 4
ALY LASRAS SRSk i AR A . FEFLIR B 2R R
Ha] DL BB K578 (HGT) 24N 1) gk d
PP, AnFLERE N T & R FLIN AR KRS, HAER
MRS T B AR E DIRER BURL DNA [ B, 451
e g LR KEE S, AR 2R
W AR DTSR AR ) B R, SRR LA
FURE A TR 1) B Rk FMYIL, Fb R
F B AL Z RN B 2 TR A KRR,
BHE R CARIE TR ZBORF T 400 A 45 14 1)
AT, HpZ A S FE 55 BH R (Multi-locus Sequence
Typing, MLST)™ DL mid &, E G PESRA S T 58
T PRER R s B, 7R LR T I A% 2 RETE RO
R AR 1)z N H .

2015 4F, Chen 25 P ¥ groEL. clpX. recA.
1poB M pepC 25 5 AF5 ZXFEINHL s MLST $0K,
X4 s ERIE NS BRI R R L
39 BRI ERTE (E. faecalis) #EAT AL A 78, FEIR
Al 23 ANFAIAL (STs), B4 ke 5 G DL K&
12 AN FAR B PP 51 2 o e i B8 20 P A AN 11
Mr i, IXUUPRIGBRE (E. faecalis) 17157 & L K]
TN FERI AL ;. RGUKE 0 H I R 73 5 U5 0 T

EHEMERELLR (K 3), HXMERXRZAZ
Sr BT AHATT AR AN R FLUR ) B R Ok B FL
(0 DR W BR B, D3 VAR e PR A BT 2B A L 4K
FAT B -

2015 4F, Xu 2 "% W carB. clpX. dnad.
groEL. murC. murE. pepN. pepX. pyrG. recA-
rpoB M pheS %5 12 /M7 X FE U HE /i MLST £2K,
XoEERENZE . Hig. . TR RS
HuIX AR AL 197 MRFLIR FLER T FLIR ML (L.
lactis subsp. lactis) HJiB AL Z FEMEBEAT 00T LR 5
H 72 AN FHE, e 14 D EE A, SR Rk
NEBEWBAL 2RV 28 i R I i o
PRIE AL Tty e 43, HLAF Bl DR & 1 b A [ 35 = 4H <R
o RGUKE 53 M 3 W RHER 7 2L IR FL 3K B8 FL IR V.

F (Le. lactis subsp. lactis) 7 B R E 778 5 H A 5
A H BN R R (K 3), RUAHFE AR 7 Bk
e MR R AR B R AR T ARLR R4 IR . 2015 4F,
Dan 25 "' 11 Zhang 25 ™ 3 3, W% B 5 BRER B (Leuc.
lactis) A IE W B ¥R (Leuc. mesenteroides) ivifE %
FEVERE SR B tH oy B B £ 5 1k 2 R,
HoRG R RS SIEA BERN KR

2015 4, Yu 5 MRS 10 ASFF R K ) MLST
HFEXTEAYENZ L Hilg. . oM. 5
g S 5t [ AR B S b X1 A% Gt BE S o R
239 FRFEINEEBRTA (S. thermophilus) #HAT T 14E 2 Ff
PEREFC, HARBIH 117 NMAFE P FFE, B 16
AEHEFN 32 MR — R F A, fRH TR R R &
FOE R . &6 0 B AEE B 117 4 ST
R sse N AR (B 3), B H o B i S TR R SR &
KEAHRENAENE, RPAEFE S EHERE
I 7 A A A P AR

2015 4F, Song %5 ™ X I 8 4 #F X K W 1
MLST 8%, X298 ¥y & 3 B 500 [ ik
$oir S5 b 1) % 4 I L) v R PR O B DR IR I
A (L. delbrueckii subsp. bulgaricus) & 3EAT st
o HT. BFFURI 119 A~ ST &, FHrh a4 13 /Mg
B S A R DL 64 AT 5 AL, Bon 3R K
FUHAN R 7 Bk B B s B e 2R . DA R
B (B 3) s AN [F] 73 B H R TR P ST A5
GR R, WS AR ST &Y 2 8] B A # i
(RIS SGHE . O 1 JE— 28 7 A I S T PR 2 TR] P
MMM ARG KB RXER, WA TEE T
1T T Structure 730 #r, 119 4~ ST RILH K 7 M1 &
(Lineage), HA4a K24 ST Ak H T —4H%,
HEAHIX G B O R A A, GRS T AR
3 B AR P 85 17 A R A B . ELAS [R]
X 18] (1) B AR A7 CEAN [ R B2 R 2 DR A AL 7, X ARA
AT e A& BT 2k R E 2 AR R 20, ClonalFrame
AT ENUE 73X —HEM

2015 4F, Sun % ™R ] MLST 4% R 4 #7 T
245 tR oy B H PR A [F] 20 H R X DA A 52 [
X 5fi L FLAFEE (L. helveticus) WisfE ZAEME, MR H
SFEMERES S AIEE R, B0 E B RES L.
PR A= L R PR AR 5 FLIS TR il s s 26 8, Bl
XL SRR, R X e 7y B R 0 B A E A
B R ARG IRE . AT RE ST B R KR
FLIR B 4 B AR st A% 2861, SERL T 240 AR T AL
FFE (L. casei)™ . 209 ¥k K EEFLITH (L. fermentium)™*”
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BIWEFL, 45 RRI K AL W o Sk e 51 8L
HAaER. EtEEHENRR, BIMFRESM
Iy B RONIE BRI AR 5 R A T AR AL PR

IS o A FLBR R 43 B R BB Z A, AU
ST FANIR T M EDKCE ERt it AR, [
IHE7R T ANE S B, 2> BURFLIR I I R G K 8 K
Z, JEWHE NAS B R A SRR,
T 9 5 SR 90 JF R0 ) FH 25 e IR 5 (1) 38 4% 2
Hehiti

4 RE
F AR I FL A i o AR AR B A O T

RIFLER T BN, AR, BEE BURZ AN Tk 3
W AR, B AR e L Al ik PR A A A /D B RO H

A A ORI  AS NE EE PRREE B AR
FLA A K H 0, RS 5 I LR B B AR A K
=D, BERANR. ARSI EY
BARE TREAFWMENLREZFR - ENFAR
T R 2 FEPE DL R EAR ZREPERT 7T, MR, 5
WL P B E AR XCRE A K
TSI i SRR D 2 048 47, R GTHIR B AR I L
ah TP LR A R 2 TR, AN > B ELER 1A 6 447
B, OIRAERE R 8 &, 68 M EA,
I 5 A 10 PR R T SRR o (ELARDXE T Fh et 1
FLBR W B, H AT RO TAF I AS, (A, &
SEWIAT IR T 595, DA S P B LR o (4 A2
DR, ORREEEHIZYE . WO A fR JBX L 0 AN
RFNFLER R X4 i LR B % Y RT 455 S8 Y B L
TV IR BRI R T AT L



Eyd

FRATF:

AR TR L 11 it o LR B K £ 2 A

845

[10]

[11]

[15]

[16]

(& % 3 #K]
Zhang H, Chen X, Dan T, et al. Tranditional Chinses
fermented dairy foods[M]//Zhang H, Cai Y, eds. Lactic
acid bacteria fundamentals and practice. New York:
Springer, 2014: 493-535
Zhang HP, Xu J, Wang JG, et al. A survey on chemical and
microbiological composition of kurut, naturally fermented
yak milk from Qinghai in China. Food Control, 2008,
19(6): 578-86
Wu R, Wang W, Yu D, et al. Proteomics analysis of Lacto-
bacillus casei Zhang, a new probiotic bacterium isolated
from traditional home-made koumiss in Inner Mongolia of
China. Mol Cell Proteomics, 2009, 8(10): 2321-38
Chen Y, Liu W, Xue J, et al. Angiotensin-converting en-
zyme inhibitory activity of Lactobacillus helveticus strains
from traditional fermented dairy foods and antihyperten-
sive effect of fermented milk of strain H9. J Dairy Sci,
2014, 97(11): 6680-92
Sun Z, Chen X, Wang J, et al. Complete genome sequence
of Lactobacillus delbrueckii subsp. bulgaricus strain
NDO02. J Bacteriol, 2011, 193(13): 3426- 7
Sun Z, Chen X, Wang J, et al. Complete genome sequence
of Streptococcus thermophilus strain ND03. J Bacteriol,
2011, 193(3): 793-4
Ishii S, Kikuchi M, Takao S. Isolation and identification of
lactic acid bacteria and yeasts from “chigo” in Inner Mon-
golia, China. Anim Sci Technol, 1997, 68(3): 325-9
Burentegusi, Miyamoto T, Nakamura S, et al. Identifica-
tion of lactic acid bacteria isolated from fermented mare’s
milk “Chigee” in Inner Mongolia, China. Nihon Chikusan
Gakkaiho, 2002, 73: 441-8
An Y, Adachi Y, Ogawa Y. Classification of lactic acid
bacteria isolated from chigee and mare milk collected in
Inner Mongolia. Anim Sci J, 2004, 75: 245-52
Wu R, Wang L, Wang J, et al. Isolation and preliminary
probiotic selection of lactobacilli from koumiss in Inner
Mongolia. J Basic Microbiol, 2009, 49(3): 318-26
Watanabe K, Fujimoto J, Sasamoto M, et al. Diversity of
lactic acid bacteria and yeasts in Airag and Tarag, tradi-
tional fermented milk products of Mongolia. World J Mi-
crobiol Biotechnol, 2008, 24: 1313-25
Takeda S, Yamasaki K, Takeshita M, et al. The investiga-
tion of probiotic potential of lactic acid bacteria isolated
from traditional Mongolian dairy products. Anim Sci J,
2011, 82(4): 571-9
Uchida K, Hirata M, Motoshima H, et al. Microbiota of
‘airag’, ‘tarag’ and other kinds of fermented dairy products
from nomad in Mongolia. Anim Sci J, 2007, 78(6): 650-8
Ring E, Andersen R, Sperstad S, et al. Bacterial communi-
ty of koumiss from Mongolia investigated by culture and
culture-independent methods. Food Biotechnol, 2014, 28:
333-53
Sun Z, Liu W, Zhang J, et al. Identification and characteri-
zation of the dominant lactobacilli isolated from koumiss
in China. J Gen Appl Microbiol, 2010, 56(3): 257-65
Hao Y, Zhao L, Zhang H, et al. Identification of the bacte-
rial biodiversity in koumiss by denaturing gradient gel

[17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

[30]

(31]

(32]

electrophoresis and species-specific polymerase chain re-
action. J Dairy Sci, 2010, 93(5): 1926-33

Airidengcaicike, Chen X, Du X, et al. Isolation and identi-
fication of cultivable lactic acid bacteria in traditional fer-
mented milk of Tibet in China. Int J Dairy Techol, 2010,
63(3): 437-44

Shuangquan, Burentegusi, Yu B, et al. Microflora in tradi-
tional starter cultures for fermented milk, hurunge, from
Inner Mongolia, China. Anim Sci J, 2006, 77(2): 235-41
Liu W, Bao Q, Jirimutu, et al. Isolation and identification
of lactic acid bacteria from Tarag in Eastern Inner Mongo-
lia of China by 16S rRNA sequences and DGGE analysis.
Microbiol Res, 2012, 167(2): 110-5

Sun ZH, Liu WIJ, Zhang JC, et al. Identification and char-
acterization of the dominant lactic acid bacteria isolated
from traditional fermented milk in Mongolia. Folia Micro-
biol, 2010, 55(3): 270-6

Yu J, Wang WH, Menghe BL, et al. Diversity of lactic
acid bacteria associated with traditional fermented dairy
products in Mongolia. J Dairy Sci, 2011, 94(7): 3229-41
Yu J, Sun Z, Liu W, et al. Rapid identification of lactic
acid bacteria isolated from home-made fermented milk in
Tibet. ] Gen Appl Microbiol, 2009, 55(3): 181-90

Liu WJ, Sun ZH, Zhang YB, et al. A survey of the
bacterial composition of kurut from Tibet using a culture-
independent approach. J Dairy Sci, 2012, 95(3): 1064-72
Sun Z, Liu W, Gao W, et al. Identification and
characterization of the dominant lactic acid bacteria from
kurut: the naturally fermented yak milk in Qinghai, China.
J Gen Appl Microbiol, 2010, 56(1): 1-10

Bao Q, Liu W, Yu J, et al. Isolation and identification of
cultivable lactic acid bacteria in traditional yak milk prod-
ucts of Gansu Province in China. J Gen Appl Microbiol,
2012, 58(2): 95-105

Bao Q, Yu J, Liu W, et al. Isolation and identification of
predominant lactic acid bacteria in traditional fermented
yak milk products in Sichuan province of China. Dairy Sci
Technol, 2012, 92(3): 309-19

Ao X, Zhang X, Shi L, et al. Identification of lactic acid
bacteria in traditional fermented yak milk and evaluation
of their application in fermented milk products. J Dairy
Sci, 2012, 95(3): 1073-84

Tan Z, Pang H, Duan Y, et al. 16S ribosomal DNA analy-
sis and characterization of lactic acid bacteria associated
with traditional Tibetan Qula cheese made from yak milk.
Anim Sci J, 2010, 81(6): 706-13

Liu W, Sun Z, Zhang J, et al. Analysis of microbial com-
position in acid whey for dairy fan making in Yunnan by
conventional method and 16S rRNA sequencing. Curr Mi-
crobiol, 2009, 59(2): 199-205

INETE, XSCAR, TR T 52 R A 5 VAT 7 A%
G R TR W AR 2 AR I 9. b5t e R
FAR(A SRR, 2012, 30(4): 19-24

Sun Z, Liu W, Bao Q, et al. Investigation of bacterial and
fungal diversity in tarag using high-throughput sequenc-
ing. J Dairy Sci, 2014, 97(10): 6085-96

Xu H, Liu W, Gesudu Q, et al. Assessment of the bacterial



846

G gEEd

7%

[38]

[39]

[41]

and fungal diversity in home-made yoghurts of Xinjiang,
China by pyrosequencing. J Sci Food Agric, 2015, 95(10):
2007-15

Liu W, Xi X, Sudu Q, et al. High-throughput sequencing
reveals microbial community diversity of Tibetan natural-
ly fermented yak milk. Ann Microbiol, 2015: 1013

Oki K, Dugersuren J, Demberel S, et al. Pyrosequencing
analysis of the microbial diversity of airag, khoormog and
tarag, traditional fermented dairy products of mongolia.
Biosci Microbiota, Food Health, 2014, 33(2): 53-64
Zhang W, Zhang H. Genomics of lactic acid bacteria[M]//
Zhang H, Cai Y, eds. Lactic acid bacteria fundamentals
and practice. New York: Springer, 2014: 205-48

TR, A, HOAF. FLRE B R R A AT S .
WyEdi, 2008, 48(9): 1270-5

Feil EJ, Maiden M, Achtman M, et al. The relative
contributions of recombination and mutation to the
divergence of clones of Neisseria meningitidis. Mol Biol
Evol, 1999, 16(11): 1496-502

Urwin R, Maiden MC. Multi-locus sequence typing: a tool
for global epidemiology. Trends Microbiol, 2003, 11(10):
479-87

Chen X, Song Y, Xu H, et al. Genetic relationship of En-
terococcus faecalis from different sources revealed by
multilocus sequence typing. J Dairy Sci, 2015, [Epub
ahead of print]

Xu H, Sun Z, Liu W, et al. Multilocus sequence typing of
Lactococcus lactis from naturally fermented milk foods in
ethnic minority areas of China. J Dairy Sci, 2014, 97(5):
2633-45

Dan T, Liu W, Sun Z, et al. A novel multi-locus sequence

[42]

[43]

[45]

[47]

typing (MLST) protocol for Leuconostoc lactis isolates
from traditional dairy products in China and Mongolia.
BMC Microbiol, 2014, 14: 150

Zhang W, Liu W, Song Y, et al. Multilocous sequence typ-
ing of dairy-associated Leuconostoc mesenteroides popu-
lation reveals clonal structure with intragenic homologous
recombination. J Dairy Sci, 2015, 98: 2284-93

Yu J, Sun Z, Liu W, et al. Multilocus Sequence Typing of
Streptococcus thermophilus from Naturally Fermented
Dairy Foods in China and Mongolia. BMC Microbiol,
2015, [Inpress]

Song Y, Sun Z, Zhang H, et al. Genetic diversity and pop-
ulation structure of Lactobacillus delbrueckii subspecies
bulgaricus isolated from Naturally Fermented Dairy
Foods in China, Mongolia, Russia according to MLST
analysis. Sci Rep, 2015, [Inpress]

Sun Z, Liu W, Song Y, et al. Population structure of Lacto-
bacillus helveticus isolates from naturally fermented dairy
products based on multilocus sequence typing. J Dairy
Sci, 2015, 98: 2962-72

Bao Q, Song Y, Xu H, et al. Multilocus sequence typing
(MLST) of Lactobacillus casei strains isolated from natu-
rally fermented foods in China and Mongolia. Microbiol,
2015, [Inpress]

Dan T, Sun Z, Song Y, et al. A new perspective on Lacto-
bacillus fermentum evolution and population structure ac-
cording to multilocus sequence typing (MLST). BMC Mi-
crobiol, 2015, 15: 107

Xu H, Liu W, Zhang W, et al. A new multilocus sequence
typing scheme for analysis of Lactobacillus plantarum
strains. J Appl Microbiol, 2015, [Inpress]



