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Abstract: Biodiversity of yeast in natural fermented dairy and traditional kefir grain from Inner Mongolia was investigated.
The purpose was to explore the main microflora and yeast species, laying the foundation for selecting yeast which can ferment
low alcohol degree dairy. Yeast strains were isolated by gradient diluting and streaking plates, and then classified preliminarily
according to colony morphology and cell morphology, followed by 5. 8S rDNA-ITS restriction fragment length polymorphism
(RFLP) analysis, 130 selected yeast strains were divided into 10 phenotypes and 6 molecular types. The species identified by
5. 85 ITS-RFLP corresponded to Kluyveromyces marxianus, Cryptococcus sp. s Saccharomyces cerevisiae, Candida tropica-
lis, Issatchenkia terricola and Pichia guilliermondii. Among them, K, marxianus, S, cerevisiae and P. guilliermondii were

the dominant species, which had the potential for fermenting low alcohol degree dairy.
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HARBEEHTHRETHMEYESARE AR SEEREYREL AR EESHLBR%RY
B. BRARETHESHEACIABENAANES RN o BEEZN/EM, RN T SR F A EHT
AFENTERSEBRYES . FEREEFFERNEZRERN, ESHBEVRNEERR, EXHAR
W BSEABRESARY . ARESEIAE - EEARNEIANE, RERSHEKTSE LB RN~
£ COMBBRNAERKERAFRBEARRENEREREFEN. FERESRNERERB T TIE
R RRRBRE DB F SRR E . FERBBFTEH SONNERSEnEED : mCEIARD =
1: DRI EERKAEMBRSS . FERETEBEHENMHENBERERBEAHHNHERR,
HFLAE R A A AGAE] 10° CFU/ mL B, 4 BRI T FL i f 4 A O FLIB KR . 2000 47, GADAGA %M\
BEAFEERBATABLBRERS BLBRESSHEBEEE™ . 2010 4/, FADDA XM T HIL¥HA
FABBERBELEST, BELFEN TRBEANSMEYNHARRS HIARE, AT RBREEALE
BEREB B SCEREE D . BTSN B R R EEFLAN Py 520k 4 K A5 52 2% B0 T 3 200 P 40 B R e BE BE B FF AT
B R AR SRR TEE RIEF RN SN X R AR IR RE, YiE i R EREA BN RS
BB E HLA;

1 XBHPETZE

1.1 ZHREFEHE
1.1.1 EH

D EHFI - BWTFHLEARETNBENRS;

DEMAXEAL - W THARERERFRHBEERET, 25 BFA . ZEMERERLLAFTE;

DIFFERA-BMERNFHRXHAREK T4 CHKALETKEFILT.
1.1.2 xRz

YEPD $: 53, WL 5551,
1.1.3 &#A

Taq DNA B &8, dNTP, FR&I¥4 N I8 Hinf I ,Haell # Cof I ,&3RE14 514 ITS1 (5'-TCCG-
TAGGTGAACCTGCGG-3")#1 ITS4(5'-TCCTCCGCTTATTGATATGC3 ¥ T F A TAY TEH
RBFHERAA-.
1.2 E5EE

YXQ LS50S X ENERKER (LB ERAZ LV ARAAEITFRE] );SW-CI-1BU & TES
GHMERESFEARFRAF) ;DP-200 £4BFR T RAEEITHBS D QL-901 IRRRE G & GLAEITH
HARDUR{EE & A R AF);S1000 PCR ¥ ¥ XR+EBRBRA AN ALE L AABRBERBEERA
A ;DYY-8C BRI R M B IK L. DYCP-310 /K V- i ik 18 (AL i S — A% ) ) 5 XS-212-202 X H B 4%
(JMOEOC) Ee 4 J. R 541 D5100 (B BB (U B EABRATD .
1.3 Z®FZE
1.3.1 HATLESESENTE
1.3.1.1 HAREBEIANHESEERENIE

DB LA A, A A R KA AL AE 42L& 20 mL BF 100 mL =HAMMAFTREN 1 SH;:H
FERANT P HEZ LS FERBI 2 SHAFBERAY pHEZ 45 HFM2 e BEEERBEAN3 S
. REEZMRN 28 C,3~4 d. 4RIMAREBERERER 1 ol 317 10 FHERE BBBESERN 107°~107°
BRI 0. 2 mL(EE B #I7E 30~300 CFU/mL) ¥4 T YEPD 334,28 CH{EE SR 24~48 h,
BMEMBR3I N, KERENZRRBRARAESNBEEEBNR THERN WL 578, #78eER,
B EARMEEE A 25 % (BRSO H MR HER T —20 CkeE, £H.
1.3.1.2 FIREMELSEEHETE

FIERB>MAKBEFF>28 CHEF 24 h>H B >FMAKRBEFI 28 CHEF 24 h, EEEL
3 ﬁ([m] .

BOEA IR FRE R FIERE 1 ¢, F 10 mL TEABREKFHE, BB 1 ol H#A#T 10 EHEER
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BBRABEBER 10T ~10 "M BEEK 0. 2 mL(HEFEBIEHTE 30~300 CFU/mL) x4 T YEPD ¥ 3£+,
28 CHEHEF 24~48 h, BIMWEBEEM 3 M. BEEBEMALN T ES BR REFLHEE.
1.3.2 BEBENEERESN

BESRNESRERARRESHAREBESE BT E. B ERBREN B ER Y EL, &
BHREENEKT WLIEREL 28 CHEF4d. REEBNHARESNARBETUR S, BEFLEGDRE:
HEEAS . CE.EHEE . ROESLR UEZEFTEFTS. IREMBFERE - ARER. KN ERKER
TR BREBERAELE.
1.3.3 BBENSTFEE
1.3.3.1 PEE&F DNA £

B2 DNA #EBURA SDS gk,
1.3.3.2 EERE 5.8S rDNA-ITS X PCR ¥ # R R M BfF

PCR R & & (50 pL): 814 ITS1 (5-TCCGTAGGTGAACCTGCGG-3')., 8| 4 ITS4 (5-TCCTC-
CGCTTATTGATATGC3)%& 2 pL;dNTP 1 xL;Colorless Go Taq Reaction Buffer 10 pL; Tag DNA R &
5 0.35 pL; 8 DNA 1 pL; XK 33.65 pl.,

PCR R W BF :95 CHAH 7 min; 95 ‘CA 4 1 min,52 ‘CiBK 2 min,72 ‘CIEH 2 min, J53F 35 K; B
72 C3Eff 10 min,

PCR Y #=Y AR EA B (TR 2% e b S s Jk i, R EAE 70 V.
1.3.3.3 BEEHHE 5. 8S rDNA-ITS X PCR ¥ =4 Rl 4 A VIBE B L1

P EEREPE 5. 8S rDNA-ITS X PCR ¥ 8 ™=9 F) F 3 #FR &It W U188 Hinf I , Hae [l #1 Cof I #43
37118

5 1) 2 B 2 (20 pL) :10X Buffer 2 L, PCR =47 8 uL, BR&IMEPILIEE 1 1L, XFEAK 9 pL.

B UIR B 45 :37 "CKiB 2.5 h,

PCR § 3 7=# F 2 %0 B AR W % s v Sk Ay W, P il WL R 7E 90 V.
1.3.3.4 EERE 5.8S rDNA-ITS K FHI 447

HEY S B AL 5. SSTDNA-ITS K PCR =ik Z E A TA Y TEREARARSAERAH . ZHLH
AT EEF W E .
1.3.4 BUEMHE

W EEFH P RE B8 )5 #£ Genbank % BR ¥ 5 5038 2 H i@ Blast (http://www. ncbi. nlm.
nih. gov/blast/Blast. cgD #1TFBFFNE R, KRB XEKR S C AT EROHEUBRE, DHEUERT 99%
A 5% 28 LB AR, 1 250 8 BE AR T AR Y A R 2E AL

2 ER545%

2.1 HRBAESEESENSE

MEEESL . HRRBEAMFFE/RE P RS EEE 130 hESHE, A P4 A MAREBA FoEF 87
B FFIERRL A4 B B 43 Bk 40515 & B BT B B AE W B AU 2. 86 0 F 6. 6400, FFIE/R B P BE R B BT o5
RO ER T HRREIL . ZRILE L,

R 1A RE SRS NE AT EREF BN BEGEES T2 AR TH4SAMAREETL.
MIFERB R B K 4 MESBESE, ES4 AN ARAEATEREG - HE. MASFAMAREE
AFoELE 6 MESEGREFERNTORATEE. WHBSRNTES FERMIIEAREIXR.

THEERR A S R REEH LG TEMAEDLETERRS . ETREEN I EMM L. S#47HE
SBEMEE ARRBEAEIRES.6.7T ZHESNEBEE . LA BHRH 1.23%6~2.70% . HWE4LF
B pHEMSHE, #FERRONERXMAEEERSENER . A RARS " NESE, LR XHEEE 4
AFEBEBRD . CIRBEEEAEIE . NER LV KEAEEMRFTHBEZSEANMEY . EBE
ERBA/RENXEIELTFHEIEI T SHREY . B RELHE pH BTG BRARBEE K 2
SHISHEITEINESRESRENKENHLERER BN 1 SHERS RS LEFXE . BEH
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A1 FEREFARAFLFIBOEZHARKETRM

Tab.1 Separation of the yeast quantity statistics in kefir grains and natural fermented dairy

EHERE BEEH BHE

Framx A 1 2 3 4 5 6 7 8 9 10 B/ B/t

FFEER R 33 5 3 2 — — — — — — 43 648

- - - - 9 333

2

— — — — — 2 — — — — 2 162
4 4 — — — 15 603
1

6 - - - 13 585
- - - - - - - - - - 9

BAE
KEA

- - - - - - - - 4 - 4 270
- - - - - - - - 8 - 8 297

- - - - - - - - - - - 54
FER

EES

O OR % o

- - - - - - - - 8 1 9 243
- - - - - - - - 5 - 5 36

- - - - - - - 2 - - 2 81
FHX

EES

- - - - - - - - 1 - 11 180

[ZE R - - T L R - L

— — — — 3 — — 5 1 — 9 189

BREBEX 33 5 3 2 23 9 10 7 37 1 130 3690

aaRELE
e pl/ %

Brei RGO 3 13.89% . MILFATDIA 2 MR, —REHEAR T RKEAANEEFRASBRAEYERE; —R
HAREBELAERT FEMEYHEARELRTROEHMEYHEEFRANERZ GRS FHBEEAMRE M.
2.2 EEBENRERESH

BEERNESENEEHE WLERE, BAEFRETEERTREEAA, ARMENEBEFEAE WL
BRELEKPNEEFAANESAR, ZETHES S EMRE TESRAKRESHE S, T LEBSREHES T
BRAREM . RHTKEEERFEMN ST 0 REEN X458 130 BESEBT TRARE.W
Hk 10 AR, EAEAMBSEARULE 2.

MER2AEFN BERESUMFIAEHE, AR —., FERET IR 4+ HESHEEE, HEE
BAFEEASHETREHARES . ES 1,2 M4 FHLUL . HEFELEBREALER, SAFEMREN—HKIR
FRBEESENEBEARL, TN FELENREEREEANEMEST LA EREL™ . W
HHERS L,2 M4 AR REGERES, A5 1 WEBESEEEFFERET SAHLETRS AEE A K.
A S MBS I WEBEEE S RH 47 A A RBEMKETL B A RBEM LN WL EEK.

2.3 BEBENSTERE
2.3.1 EEREH 5. 8S rDNA-ITS K RFLP 4 F X R

E WL ERENPESRELWES B, FH 5. 8S rDNA-ITS R #47 RFLP ¥ ¥ & . EABESH K&
Bk 5.8S TDNA REMMEFARBXATO BAFBEZN MR ZRHE, TUEN S BESHER LK
B, M0 MESHESETENEAMILEE 1 #1775, 8S1TS REREY #,PCR ¥ 174 s 3k B 1,
A1,

HE1TUES,10 HEENEE RS PCR =Y H K G4 K 5 2,3 7E 450~900 bp Z [, HH
A 1,2,4,6 9 PCR &4 —3, 78 750 bp; 274 3,9 1 10 B9 PCR &4 —3(, 7 650 bp; EA 5,7,8 I
FBEAME 4 IR 880,560,450 bp. R TH 10 MIEARBLET £ X 42T, 80 PCR =¥ 3 #R &4
WYIES Hinf I ,Haelll M1 Cof I #ATBEVIBGE— 20, BUI= Yy e ik B WA 2,
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A2 FEREFERABFILTHEANHEHLE

Tab.2 Colony morphology of yeast isolates in kefir grains and natural fermented dairy

#=85 EBES B LKA
R X HEESHED (K pmX 38/ ) BEEE/
A%, 5, u
1 HEABEF.EHAA. FLEAREREAERRA WEE, FH AEE 33
(3. 3~3.5) X (2. 2~2.5)
. BEE.FH.ABHZ
% 2 ORBARES EREREE EAAE (2. T~2. 9) X (2. 3~2.5) °
z BE.FHE
B3 paxmer Sess-MESe, R TERE ( o 3
A%, 5, u
4 BENE . BEEE. PLORERE. FEA,.EEN WEL, FH AEE 2
(3.1~3.3) X(2.0~2.3)
WEE. FE
5 KROE RELER GASEF . IR (3. 73,9 X (2. 83.0) 23
B,
6 BB EF . TLAFRER. IAR WEE, FH g9
(2.9~3.2) X (2. 1~2.3)
&
F BT,
3. 7 BEEEEGEROHAEER. PLEAAR, TRERER A SRy, 5 10
M (3.2~3.4) X (2. 7T~2. 9
H
® BEE.FHE
§ 8 FEHEAEE . AEFAEN,. EFRTER.IALB6 (2 1~2. 3 X (L. 8~2. 0) 7
3.
B,
9 HEHN,REEE . AE. ERER WEE. 8 37
(2. 3~2. 6) X (2. 0~2. 2)
B,
10 FASABFER.BEERE.FTLEERE SEE.Fm 1

(2.2~2.5) X (2.0~2.2)

HE 2 UEH, &3 3 FETSH
JG, 38R 6 FEUIRE, HPEE S
FIEA 9,10 B Hinf I F1 Hae [l X #
NUIEERTF AR . BE 1,2,4,6 BREKR
BUIEERR -, B WLIEFRE LR
BERMEARF,EZ5E 5. 8S rDNA-ITS X
RFLP 4387 J5 BRA M F K PCR =% X &Y
L NE B KRR —REFH. BE

FETR LA 4 8 Bk B AL 2 KB A 10 by s DA

BERTH. AR ABARAESHESHE

A1 5.8SrDNA-ITSRK PCR ¥ ¥ ## & # Bi%
Fig. 1 PCR amplification pattern of 5. 8S rDNA-ITS

region of yeast isolates

WLIEFRERRFHER S 5. 8S 1DNA-
ITS X RFLP pHr i e S REA—H .
2.3.2 BEEEEM 5. 8S rDNA-ITS X PCR
Y R RNt

RIEEERFE 5. 8S rDNA-ITS X PCR ¥ 3= ¥ & 3 MR AU BEEE U1 =Y ik B, i@ d Image Lab
ROEHGAE, AR AHEF  EREMBRERSNBEXEF S FERNY . FRESLEANEELSE
Pk 5. 8S-1TS X3 RFLP o5 R R BB SR INE 3.

ABEFEXS 5. 8S rDNA-ITS FHI i RIEH—PUFEE, B E -0 FREABEFHBEIL K K%,
3t 6 BRFEATWF AT, BEH PCRY YRR EBATAYIBEARARFARARAHFGTERRATF, &R
WFE 4, FHE W FF P &k GeneBank ¥ 48 FE (http://www. ncbi. nlm. nih. gov/blast/Blast. cgi), # 1T
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a)Hinf I B VIl b)Hae ITEE VI &% o)Cof I YIS
1-10 ¥ 55 A BB 10 B AR RS ; M 25 100 bp ladder DNA marker

B2 ®F¥ 5 8SDNA-ITS R 3 ~H R4 e m#
Fig. 2 Restriction analysis pattern of PCR amplified 5. 8S tDNA-ITS region of yeast

BLAST {4 Y DMMER T 99 % i e HAE  MFSRRE 4.
&3 5.8SrDNA-ITS R ¥ 3% = # X A& i B XA
Tab.3 Amplification product size and enzyme fragment size of 5. 88 rDNA-ITS region

8T — PCR =4 PR 16 £ 1 LD BERE B0 i B/ /bp
B3 KA /bp Hinf T Hae [If Cfol
1 1,2,4,6 750 250+190+120+80+65 650 30042004100
I 3 B850 350+270 490180 325
m 5 880 3654155 320+230+180+150 365+ 385
v 7 560 280 450490 270
\ 8 450 250+150 2504120 110
Al 9,10 B850 330 450+ 150+85 330

k4 ®BEFHS5.8SIDNA-ITSRE B SHER
Tab.4 Sequence analysis results of 5. 8S rDNA-ITS region of yeasts

ATRRE HHES BEERE.F AALLE/ % Genebank B35
1 KDLYHI1-1 Kluyveromyces marxianus 100 JX174415
I KDLYH3-1 Cryptococcus sp. 99 JX174416
m KDLYH4-1 Saccharomyces cerevisiae 99 KF710035
I KDLYH4-2 Candida tropicalis 99 KF710036
v KDLYH4-3 Issatchenkia terricola 99 KF710037
W KDLYH4-4 Pichia guilliermondii 100 KF710038

MR ATAUEL, AW PR EFZLEEMGER 5.8S (DNAITS R4 FAEY¥EE)E, & 10 MEE
TEARBESEIR TR 6 fpFRAE,ABET 6 NER 6 ML A FA DR RS ERBESE (K. marzianus) | J3
IREERFBE (Cryprococcus sp. ) IRHEERE (S. cerevisiae) HE R ZEBERE (C. tropicalis) \[hi4 PFiEEE£
B (. terricola) MIEWREFRERE(P. guilliermondii) ,

FERREF BN L MESHBESHEALEEN 2 M0 FRE, S4B RAREIATIEIMN 6 FE
BHEBEGHEERNS M4 FERE. REBITHERWERES 1,2,4 M6, BEMNa5K A8 THIERLMESTL B
REE, AENENAREBIFELSEARERSFREMAR, RFRE AT TEENTEFT Y KK
ERE R BMEE, EMFEE EMERERKFRRX S .

7E GenBank $(48 ¥ T 8 X E 451", FIFf MEGA4 4 9% ##F 1) Neighbor-Joining ¥k 2
RERER, BB #EFT 1000 K Bootstrap %, RAREM LEFR — XWESHFBXRRE, F A
MREZRTMUFBRABESHMHBERESENSLRERL. HENREZREWNME 3 Fix.

BREEILMNER FIERB T L K. marzianus, S. cerevisiae fl P. guilliermondii LB H £ . HF
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100|KDLYH4—2

Candida tropicalis strain Hb39 (KC42...

63 |Candid'ﬂ tropicalis strain 16714 (KC4...
Meyerozyma guilliermondii isolate ZAO...

4 o3 Meyerozyma guilliermondii strain W562...

KDLYH44
KDLYHI1-1
Kluyveromyces marxianus strain AUMCT...

Kluyveromyces marxianus strain 13B03...
Issatchenkia terricola voucher ITV127...

100l [Issatchenkia terricola strain S54(G...

%

85

100

88 LKDLYH4-3
Cryptococcus sp. NRRL Y-17490( AF4444...
KDLYH3-1
96| Cryptococcus uzbekistanensis strain C..
|KDLYH4—1
Sacch cerevisige strain WLP57...
100 g, cerevisiae isolate B-WHL...

'T (REBHRFR)

B 3 X F5.85 rDNA-ITS K % #] # Neighbor-Joining sk #1285 & % £ F #
Fig. 3 Phylo genetic tree based on the 5, 8S rDNA-ITS region domain sequences

K. marzianus FEEREE, S EBEBREEMN 8% . AFERBLMBARRBEATHIE R, AR KRB
B A AP IR REE A CO, MAGAREBNEMNEBEIREEEY R, AHEEANZFLAAR
HRFIERBF RSB T K. marzianus, FHE T HESMERS N ZBEEES , ZEEE K EAMAH
SRS =ERFRMEEAERNERERY R  BEWAEFERAET, ER U #MAY Z H 3L 4EEH
MEERBBREAGNES A BEEEER. S cerevisice RFEABABRRER, TEBEIH4A 8
REEE, STERESEN 18%, FEMAEHRABSAER S EAREFNRERYE. % K. marzianus
M1 S. cerevisiae I PR & 1E N R BEMREE EFLE K ZBEA, AMUER & 25 M B2 R ARG XK.

3. 5 #

AHANBARAREARARTRXEZIFER S4B Al 130 HREBEE , EAFREN 10 MESE
#A,5.8S rDNA-ITS K PCR ¥ 3= RFLP o #H/552 6 #4FRE. LWF. & F Genbank #77
Blast FJIE# A EE L 6 fiaFRBENBESH S HI AN DB RE LB H (K. marcianus) \[BIREEH
(Cryptococcus sp. ) EREBERLE (S. cerevisiae) I R 22 BERLH (C. tropicalis) Jhi R FEEBERE (1. terri-
cola) B MR EFRBERE(P. guilliermondii) . HPF DR B R G ABAH MEBSHNTUREFEL
BAMEER, RABRE KB E R BRSNS .

ARG EABEEEARRE S TFECHES B MEL BA REB R EILEE R B W, A
— BT T AL AR E R, A RAAR O BRMERMYEEERBEAFSRAAFEER L.
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