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Abstract: To investigate the microbial community structure and flavor quality of traditional Tibetan fermented milk, high-
throughput sequencing and headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-
SPME-GC-MS) were used to analyze the microbial diversity and volatile flavor components in traditional Tibetan ferment-
ed milk. The types and contents of organic acids were determined by liquid chromatography. The results showed that the
main dominant bacterial flora in traditional Tibetan fermented milk products were Lactobacillus, Streptococcus, and Lacto-
coccus, etc., while the main dominant fungal flora were Saccharomyces, Kluyveromyces, and Geotrichum, etc. Six organic
acids were identified, including acetic acid, citric acid, lactic acid and so on, among which, lactic acid was the most abun-
dant (6989.02 mg/L), followed by acetic acid (1047.25 mg/L). A total of 35 volatile flavor compounds were detected in the
fermented milk, with esters accounting for the highest proportion (43.98%), followed by alcohols (28.98%) and acids
(16.00%). The composition and concentration of volatile flavor compounds in fermented milk exhibited notable regional
variations. Fermented milk from Shigatse was distinguished by pronounced fruity aromas, particularly pineapple and
banana, complemented by creamy notes, which together contributed to a rich and complex flavor profile. By contrast,
fermented milk from Nagqu was characterized by strong creamy aromas, nutty undertones, and a balanced sweet—sour taste,
whereas fermented milk from Ali demonstrated a predominance of more intense fruity aromas. Spearman’s correlation anal-
ysis based on key odor—active compounds (odor activity value, OAV>1) revealed distinct associations between microbial
taxa and flavor compounds. The bacterial genera most strongly correlated with key flavor compounds were primarily Lacto-
bacillus, Acetobacter and Leuconostoc, while the fungal genera most closely linked to flavor development included
Apiotrichum, Dipodascaceae and Pichia. This study elucidated the correlation between microbial community structure and
the formation of aroma compounds in traditional Tibetan fermented milk, providing a theoretical foundation for the
standardized production, targeted flavor regulation, and development of functional strains for traditional dairy products.
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pound categories in different samples

T P A 23 B A8 2R R 1 XU ) S 0 T AR 32 i A
WA TR AR ) L 81, T B MR A TR it 422 25 1 AU ) Jo 1) 2
A, AMCAE AL I SN S PRI 75 4

a2 A5 v BB DT R AN R Ak = 2, HE UG ]
{EAEG, IXUBR BTk BA 52, 7T AR 7 R W /K S &M Wi
FA . MWAFES BRI IR BOR R, ZBRBE.
12 2T . LR ZLHR A L-FLI 2R 238 nAS [R) R S
JERUZE S i) ARG W), (B A E AR T i 43 AT I
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B, X A TSI RUBR DTRASATR! ) o ARt RS L 1 s
S AR I BRSO, T R 3-F AR

FEpNE, Horp, SRR p-2K AR 13 RES R
AR, J2 RIS RURY 0T S sAE L31 i
e, h 6484.65 ng/kg, f-HLBEFIFEAE L31 h ikt
%, A 5045.64 pg/kg, T EEETELE LS, L23,
L25. L30. L31 1 L32 ks, Hrp L32 &ridfw s,
S 2136.51 ng/kgs 3-FH B BE P B0 SCAE 8 43496 s v AG:
H, Hop 128 S Edmers, SN 109.90 pg/kg. MEESRIE]
ZESORE, L3 BERY) T S A X B R R,
12149.20 pg/kg, EEEH FIREER p-IK L BETTRK, UL
BHIL R BT . (R AN R EE o8 s 132 #1120
%) T 25 ) o R A o B B L AR L A R 6646.47
pg/kg F 6505.26 pg/kg; 1M L10 FESSY) BT S AH X &
ik, oA 1287.23 pe/kg, BEBHHEESS T BTMRARXT
5. SMASKRER, ASRRE S P B T 2 RN i
=57 5, PRER A IR X AL G & W LAE & WA FIAE
FAFAE_L R 225
PRIV AW T2 55 B Wi 43 fft R A= ) = IS4 R
WA I, BRI B RBRY) I, R P R
WHPER g SRR R 2 BT, ASIEVRE S AR R s
JRALH AN B 25 S . O R S R A E 2 B50RE i
RIS AR R IR BT TR . TR
SRR IEZ5R . 2-H IL R . IN IR IR O HF R ASHE
AFERES PR TS 22 R . AR, L25 T2
ZEW R AR SR, N 13191.92 pg/kg, FEFH
CUFR . ~ETRAN T MR sTmk, UEBH HE A | Aobi & S ]
TP IR 452 A 58 HH 5 132 BR S o B AR & Bt g
L, BEHEER . OB T R STk, T REM T R A
PR R AN E UM L3 1, 130, L28 F1 L7 BE 5
TR B S AR R R, (H R TR AT AN
[F, Horp L31 F1 L30 DARSER . Oy =32, L28 L
1R . SRR AN R 3, L7 WILAC R . 2EH R . 218
FEERR . AHEEZZ T, L3 ARG BRI B A X &
A, A 20.91 pg/kg, UG H CUBR FIESARIER . A
K, ASTAIRE S TR 5T i 2H BN &t 22 5 B i, 04
HAAS [R] b X A% 8 A i LT s A 5 M EH A . i
SERUARASE_FAFAE2E 5
B4 3= 2 A FR R 2804 — R 41k
RN DB LG 3 2 ATHN, AS R &
R B AR TS A S B 22 A . 120 BESh
Hh3-¥R L2 TR R, O 9127.21 pe/ke, HAT
Wil Ay, AR SRS R 1Y) 2 Tk 0T L31 AF
fh R 3-¥R 32Tl A LR, A 1846.11 pg/kg,
YL HA S AR AR AR B . 125 BESh P 2
2-F-, & A 333.72 ng/kg, AT BEMR T H— & A
FROE; L30 A¢mh rh A HY 2- B AN 3-F22E-2- T I, SAH
XFfr Bl 228.41 ng/kg; L18 £E 5 2- ol & iR
=1, 20 94.84 pg/kg, [FEIETR H & 3-323E-2-T [ .
FEEZ R, L7, L14. L28 F1 L32 & & AAK H B2
Y. BASKE, SRR ERZE Y R Y 2H 2= S B
B, Hop 120 I L31 23RN UmASFAE, L25 W)
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HAA—@ BFE . e 5 as m 2 &9
BA XU BB AR T 450 15, T LA SHET R A it JXUAR B8 T 1
SEMAANER B, (H— @ 454 1, s Le o nl (s iR 05 1 11
SRR AR, X R i A S BT A ARV E A -

BVASKE, H g T I RR WA AS 222 LATE 2 1k
B AR B N A IR A R A SO 3, RIS
Yy S s vy, HRRE S T 5 I 2 ARt b X 1Y
PRGEAS P I XU B FHANGE S, AR AR &)
FFRIAE W A M A IR SRR GH IR
ISi EEL s, DX P4 P A A P ER RIS ) R R K SR—R S
BT . ik B H RS REE AR AR R
FEAS L25 W EESE M T . 1254 0T R 2 40 o 1 2
EARPE SRS, 5 Ei R X R YE A A L 22
SARTC, FHEIMVAEPR B S T R R A R A A, [
W T A AT 4 A, DT R 7% i) XU ™ A= 5
M, 35 ) 250 IR R BN (R = B e 2R 2L
PIPLERF ST ZE R LR 3 AN, AN
b DX R AR o ) RUBR IR 5 A E L 25 SRR AEAESG .
22 BtEmPERRSENT

PR GRS TP AR A ST S AN 2 s ARYEAR
#E GB 25190-2010 &, B 100 mL 49585 5T & 5
AT 2.9 g CAWTERH, FEAFIRTIBEM PR L
R NARAE H B rfs 2 M s, HE S Ak

;

AR
K2 BRYEESIEARSE

Fig.2 Protein content of yogurt samples

H: ARVNG F R R B 2 7 B3, P<0.05,

FITAT 4 18 FRE IR, Z5E, BRWFE S AR
o & AT G B Gbsn i, AR T & v T A
B %, FLASTRVRE &b b 85 P 8T &t T AN el Hor,
L28 S A T & i i e, o 16.58%; L25 54
f PR ST A AR, S 3.28%.

Liu S5 BF5Y J B0 g AR B AR W5 ) B SR o o
JnFEET; rPHR R B PE AR T ELECIX (3000 m) |
RIS T HEEFE R (3700 m) . AR T HE X E- (4700 m)
118 = AN [V o B P A 2R LR b P P B A A T
WFFE, RIS A AR B AE A 2L P i e
SR S S, HAEAFLA AR R S
PRI T & B 22 it AER Xk A 3 AN )b X
FASELEFLRE S UL T3 T A B, Vg s FE e e A= L e
MFLAR 1A & B DA SRR DG & = A S, HLRE S g
AEAMZLUIBDT & B BEER T =R, i L2s 5
FEALR HVEHR 3012 m, HARPE SR B 4K 4000 m
LA b, UEPH A i BEA S TR W S v i 8 P T & i

MR, 5 iR A R —EK

PR WRE S R IEA ], AR & EWA
FIi2ESt . Ak, VURRAS [ H X FE 05 v 25 P 2 R 22
S SZ BIAS[A]HE X P B SR | 1R SRS L) MRS
AP AR R AR, X SER AR EAEA, IRl T
AR RS R AR BT Y S R T .

23 RGP EINEBRIESH

B A i R A LR B BNk 3 s . FEIR WY
R, LA FLAR bR ZLBE S fre i = A, B
SRt B PLR . FLER Y & Bl H R, REfRE Ik
E BRI pH, [ EAA TR, I HAT B FHuitilas
EREY AR, AR 3 AT A, FLER SRR WRE
i A AR, i e v T A A PR o
LR 17 W A YR RIS b, R E DL TR R R, AT AR iR
B BT AR et Th k. Hodp, 128 SRR S P ELAR & i
Hc 55 (6984.52 mg/L), L7 S £E 5 i ZLBR & B 4 Ik
(4986.71 mg/L) . ZFREARRIRMIESTRLR, (HanR &
Hoid w, ATRES MR I A AN AT 2 AT R, SRR
TR HAG 2 RARTREF SR, B o AN, Hoxf

® 3 RN A HLR & i (mg/L)
Table 3  Organic acid content in yogurt samples (mg/L)

RS AR SRR FLIR LR PR BEIHR
L3 147.13+0.71 83.37+4.24 5741.28+4.24 226.64+3.54 12.546.36 341.96+7.07
L5 162.13+1.41 54.75+4.24 6015.58+2.12 502.73+5.66 7.55+2.12 218.1+4.95
L7 151.17+4.95 55.68+4.95 4986.71+4.95 1047.25+0 3.85+4.95 295.56+2.83
L10 199.72+7.07 52.8+4.24 6552.89+5.66 509.79+2.83 7.89+5.66 242.86+2.12
L14 158.61+7.07 62.00+7.07 5638.63+1.41 368.43+2.12 12.77+4.95 249.33+2.12
L18 169.6+5.66 6.83+4.24 6055.71+4.24 264.42+0 21.07+3.54 146.11£0.71
L20 229.47+0.71 88.71+2.12 5151.28+0.71 219.25+0.71 21.32+0.71 718.96+6.36
L23 169.84+6.36 27.03+1.41 5391.73+6.36 200.02+7.07 27.35+4.95 597.76+1.41
L25 303.1+1.41 26.72+7.07 6056.34+3.54 85.6+2.12 13.87+6.36 564.1+6.36
L28 152.97+6.36 177.91+5.66 6984.52+6.36 102.89+5.66 42.99+3.54 424.75+4.24
L30 376.01+4.24 130.32+0.71 5846.9+6.36 395.57+6.36 34.34+1.41 174.23+1.41
L31 141.71£5.66 45.72+4.24 5962.26+5.66 174.99+4.95 27.86+6.36 287.45+1.41
L32 120.9+6.36 152.12+2.83 5823.49+0.71 231.73+5.66 40.69+0.71 280.71+6.36
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MR ERERAHA AR R DR, A sk
PREPAAR IR BSR4 AS [RIT A T 25 5, B nT DISSineg
WP PR IR FIRUR A Ze e . L, L28 FES PR AR & 1
Ferm(177.91 mg/L), L18 Af 5 & e fI(6.83 mg/L) .
PR i v B B AR AT LR AR, T AR &
EHJLE 0~50 mg/L. APAEERTT LIBS SR ER WS040 XULR, filf
[Lea LR STER=EDIE S TRV L NS

FLAR TN 2 TR A P WA TR R 1) = BRI, AT A TR
TSP IRER I AT DAY IO PR W R IZ IR o AN [FIEPLER
) LEAG R0 5 B 2 M R ) A AR JXUR,, (i BT PR
M BRI S . A YLRRAERRYY & et f rhids ] IR
PEHANA 25 A A, AN B iR4EAE A, i
BRI E SR E AR R DI RERS . A YL ATE S 1R
i T b DIAH G, 16 X AR R AT LA R A3k 2 AR
PR R, N, ZLRR AR BT LR SERR 0 e
[, (i BT A ik, [RIRFZLIR S LRI AL 2R
T CAREARPR WS pH, #HAA TR n0 A EEH,
TTIER PR AR TR,
24 BRUERAPEYISHEES
24.1 JB/KFPRBESS 0P EH RS K
(K 3a), #ATHE (Lactobacillus) . HEERTEE (Strepto-
coccus) . FLERA JE (Lactococcus ) &t - E WL
J&, A B A R TR & (Clostridium ) . AU
HE (Bifidobacterium) . TG ZF-IFF )& (Anoxybacil-
lus) . BEATEE (Acetobacter) . HEREREEE (Leuconos-
toc) %, FEREAS L18, L25. L28 H, FLAT S (Lacto-
bacillus ) WSEAEXTEFE RS T 90% L, &rl LA
W ZLVH o A A AT 2L, Y25 m R A R i
P IHFAL S ZLER, I BAE R B R Ty 2R Ll . WL
MRS R AL A, NIRRT XRAT IR s, A
AR L5 HFEEBREE & (Streptococcus ) B~ Y AR Xt 3= B
A 96.95%, FEBREE JE T RS BEER B (Streptococcus
thermophilus ) J&=PR W 2 W Hh A AT Bk 04 S B Fh 2

Community barplot analysis
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AR FRE (%)
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Community barplot analysis
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Fig.3 Relative abundance at genus level of yogurt samples

TE: a Z0ER B KPR 45 b B R KRS 25 o

—, FEIREEBR PR RE A PO Kk I ELVE, BEAIK pH, 1R iF
Vi B RS, X PR EELSVE FH ] LA R 058 A e 1
BEWL LS A4, W T 1R 0% R 47 1) B M RN g 7R B0, AR
L32 W ELBK & (Lactococcus) W - PIAH X 425 Sy
87.83%, H.AFLIRFLER B (Lactococcus lactis ) TE K T
SRR RS P A R BRI T, A0 2L . ALk (2,3-
TR A CABGRES:, X LI 2= 5T Uk B L
i R ASEAE P XU R <R

TE E 3 JE K I (E 3b), EHE e & (Saccha-
romyces) . i & YEIERE JE (Kluyveromyces) . M8 &
(Geotrichum) . YUEFEH )& (Dipodascus ) 352t 5
FIPEAERE, ILIME & /D B RN R (Pichia)
HEE5Cm (Coniochaeta) %5 . {EAEAS L14, L18, L20,
L28 v, BERE i & (Saccharomyces) - AH X 2 5
B, IRBI T 50% LA b, BEREE S (Saccharomyces)
TER TS AR Re A QIR Z LA LR, 7 A 2R Rk
TR At R o, I 5 ZLBR B M W) R T, T 5 4
F+ T ER W A B AR S BT R XUBR . AEAEAS L7, L25.
L30. L32 1, #1858 ( Geotrichum) W10 Xt =F B
fevE o HhEE R PEARAE A BE AR p AT LR AR RS | R
JEFE HLER G BT, 1) o X R s ) R B2 T
ko FEREAS L3, LS, L10, L23 Hh, 5o g 4 {1 8
(Kluyveromyces ) WS- SAHXT FEBERE S o S HERER)
JE MRS & I LVE, BRI Y5 i 2L & 2, izl
BEAZK AR AT LAY D ZUBEANTN SZ K, Lhan = v B a6
Yi P B RENS R T ZUVE iR, 74 p->F LB I,
WNIOE S R R R s | R S Y A = o N Y )
FLPA PSS T 2= RO, R B 25 AN HETA], Ui
BRI S B 5 5 1 EL TR AR E
242 aZFMESrHT  OTU(Operational taxonomic
unit) RIERAVE S JE 50, )5 91+ BR AR b i AR el P A
AT RIS ERIT, B REF I — OTU, A
71 OTU BY%X H RefEw7 25 Iz B Fh S 2B My Fi it ==
R . ASAEM AN AN B B OUT Buas Seaei Ml
alpha ZFEPEFEECUNZR TR .

RUWFFELE 97% ARIVEAK - R #E4T OTU R,

K4 WP EERGTHS alpha ZAEMEREEL
Table 4 Sequencing results and alpha diversity indices
for bacteria

FEMAS JPFI%L OTUZL ACE Chao Shannon Simpson Coverage

L10 53371 14 1552 1420 0.73 0.50  0.999963
L14 53371 12 1320 1225 0.73 0.50  0.999963
L18 53371 5 5.75 5.00 0.04 0.99  0.999981
L20 53371 44 5198 47.06 0.58 0.64  0.999794
L23 53371 17 29.01 32.00 0.35 0.85  0.999888
L25 53371 13 13.48 13.00 0.16 0.95  0.999981
L28 53371 6 6.00 6.00 0.66 0.61  1.000000
L3 53371 11 15.67 12.50  0.39 0.79  0.999925
L30 53371 35 3772 3586  1.02 0.50  0.999925
L31 53371 38 38.89 38.10 0.74 0.60  0.999963
L32 53371 46  49.81 48.15 0.69 0.72  0.999850
L5 53371 16 17.15 16.50  0.18 0.94  0.999963
L7 53371 36 4838 4543  0.51 0.73  0.999775
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kK 4 PR, £ K EFEAR A NP4 OTU
BEHANT 5~46 0], iEid b8 L lrzL e dh i
T OTU % H nl %1, L32 A4 OTU ¥t H %22, L18
FIEE OTU %4 H B/l ingk 5 iR, 85 KA
B FREARH OTU ZH AT 17~143 Za], il
1o b5 A IR AR HP BB OTU %X H I %, 120 H
HE OTU ¥t HiZ2, L32 hERE OTU B H&HL.

®S5 HBENFARGIS alpha ZHEMEREEL

Table 5 Sequencing results and alpha diversity indices

for fungi
FEAYRS JPFIEL OTUEL ACE Chao Shannon Simpson Coverage
L10 39947 32 37.50 3550  0.89 0.56  0.999800
L14 39947 39 40.70 4050 0.71 0.61  0.999900
L18 39947 49 5439 53.00 047 0.83  0.999775
L20 39947 143 150.62 147.69  0.70 0.72  0.999574
L23 39947 76 111.03 99.63  1.19 041 0.999299
L25 39947 30 33.78 3375 098 0.46  0.999850
L28 39947 53 5795 58.60  1.09 0.47  0.999800
L3 39947 26 31.17 2950  0.65 0.58  0.999825
L30 39947 28  31.83 31.00 0.72 0.54  0.999825
L31 39947 45 48.01 46.43  1.65 0.28  0.999875
L32 39947 17 18.04 1725  0.66 0.68  0.999950
L5 39947 22 28.64 2620 0.82 0.54  0.999825
L7 39947 44 4537 4460 1.01 0.53  0.999925

Alpha ZFEPESF T8 BAAREAR N Z A5
AT, T LA AR BUE SR SOAREAS N A= 4
PyFP ) = B I R MEFR S, alpha Z2REVEFRECELEE
ACE. Chao. Shannon. Simpson fll Coverage 5%, 7E
HE S FFE TR ACE Fil Chao 35 B0OR P4l P Fh s
. ACE F Chao $58US MAEAS NI A i ==
& B, THRRMS S Th R G, A5 R A
YRR, X PN FE BB S, FEAR N E A ) R
JE kS . Shannon £l Simpson $5 80U BAEEAS AT AR
YR AR L, THA R S B R R R R R
F PTG BEPI T T . AP 5 BEAHRI, AEASN
WA H o) BE BRI ZAEE AR B R R . Cover-
age FEEUS WA SCR I 5525, FTH TP 45
BT S WAEA NI I 0 SR T L

R 4 3R 5 N, ARRgE T A gl 5 L
TP REA 3545 2 A Coverage F8 5UE I T 99%,
FHIIN P45 R 0 SRR 35 535, REfE S T A AEAS N
A SE BRI L

Nk 4 P, ik FEARAN A alpha ZREPEFE 0T
1,120, L32, L7 MJ4IE ACE Fl Chao 880, %
W2 TR 0 =5 5 BEARS s, DO A i X (i L.20:
4860 m. L31: 4850 m. L7: 4565 m) 5 M 2 B 4 Fh 114
S, AT R R SR M XA . TSRS S
SR SR B A 0 A= 3 R S A, T AR R
25 ¥y, MR YE YU Shannon FlI Simpson F8ZHEF vl
J, L30CE H B P 2R 19 41 181 2 A AR B2 e e,
B =K (4425 m) AR S =, 53 HT IR R AT B PR HASL
TERIGA LI, PRI BT N oK) TRl K R b5 2 TR R

HET ZRAb AP,
e 5 Fios, ilat bR LEE alpha ZZAEMEFEEOT
1, B B ACE Fl1 Chao 35 B % & 1 AE 4 L20,
L23 [EREA T2 3R 4860 m. 4678 m; IMij ELH £ FE
PEEETEY L31 MR 3K 4850 m, HEMI SN A ik nl
T LA TR O A A AU R 3 R R I LB
iz
ST SR AT A S, A5 R X, A i X
31°N DU EAIFEAS L3, LS. L7. L10, 405 B R A
P B LT H S IR HS 28°~29°N A4S 1.20.
L23. L31, Al GBJ& I 4 BRI Bl R R sy sl a7k
AR b, S A YA NG h SR R . TS
JE XT3 A ) Z2 R E [RIRE AT R ), AR 3 QIS it b X
88°~90°E B HL Hi1[X. 81°~82°F FEAS B8 4= ¥y £ ¢
P 3 T P H W U T 85°~88°E, NI HE A H % i)
A R ARG, A2 B R VR R AR ) B G 3,
IKARGE A AT DL R, S HF 0 5 2 i AR I RETE Y
2.43 B EFEESHT I T Bray-Curtis 5B
R FEABBRSI AT AN [RIREAS 2 A A1 B R EL BRI 1Y) B 22
TE. B da MBI P AEAS AR BRTHTIEL, & 4a vh
PCoAl Tl PCoA2 Xt 4t B A1 ¥ 4% #4) 22 59 1Y BT Bk %
S35 59.18% Fil 32.87%. PCoAl B otk i T
50%, FHHFT MRS 2 [0 4N R B AL M RO 25 57 32 2
A RLiE S PCoAl Jy ] _LIEE R SR IEMY . #E PCoAl
JriM 1, 130, L32 SHAEARRE B i, W H 5H
fAEAS T A TRV S5 AR R R 22 5% . Bl 4b 2l
EL IR U P FEAS FE A bR 43 # ], 12 8 B PCoAL

ol

PCoA on OTU level
a 0.5 1 :

PC2 (32.87%)
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Fig.4 PCoA analysis of yogurt samples
TE:a 4H7E; b HIE
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PCoA2 X} EL PR B ¥ 45 4 22 5 1 st sk - 43 5 2
57.45% 1 28.08%. PCoAl MY TTHRZE T 50%, 32
BT A3 BT ARE A 22 ) L B TR A A 1Y) 22 5 SR A] DAGE
i PCoAl J7lu] F i FEE Sk IPHr . 7 PCoAl J7 i)
., L25. L7, L30, L32 FEE 4T, L18, L20, L14,
L31. L28 WIH B 43T, FR X JLALREAS 1) B B PV
AEACLEE AR s i HAth ) LA AR A B B fssine, Bd IH B A2
SEPERER
2.5 BRI SRPHEYEREEHSELEXKREX T
vaK i}

0% J1{H (odor activity value, OAV)J&4% K& M:
R o & e 5 HARERIE L, T LA R
JRUAR 8 53 %o # A XA BT R /IS AR P B¢, OAV>1
PR XU A2 S 3 LA A S X AR XU AT TR I8 o3, XU
Pt OAV BRI I XS XK STk AR BT i i) Spear-
man AHICREL FFAS BRI E IR 25 S OAV>1
FARFIE XU BT FEA TAH DGR 53T, 5 SR ANl 5 s .
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Fig.5 Heat map of correlation between microbial species and
volatile flavor substances in yogurt samples
VE: a dll 5 b I *8OR P<0.05, ** KR P<0.01, ***+F /R
P<0.001,

40 B4 8 5 HE & M UK 04 AH OGP An B Sa TR,
Lactobacillus . Acetobacter. Leuconostoc 25525 XUk
Py M S AR TR B o Lactobacillus 5 E1R
£ 3 IEA I (P<0.05), (AR BAG A<, TR
WhIRR LA 22 ) BIMk . Acetobacter 52,18 . T —
i . L(-)-FL2 Z BN O R S 3058 19 IEAH G (P<0.05),
FFIEN R Acetobacter TF K T #2 v BEAZA it FL
iR, W H AN 2 TR AN — AR Atk BEME 3= = TR W XL
BRIZIK . Leuconostoc 51T W, TR, LERFT L(-)-
FLAR TR IEAHZE (P<0.05), 52FFR A FH g 52 i AH
X, Leuconostoc Al 5 Lactobacillus Streptococcus
PEATEREIAVE A, JeFE s & R . Jiang S5 LR
W Lactobacillus 52 | 2,3- % . LEEFI 1R
LR AL G RIS W AH S, T Strepto-
coccus Fl Lactococcus = B AH X 45855 HORE S 22 B0 HY

FXTBARFE R AL E Y &R, BEWE S AN
PR B AH S an &l 5b BT s, Apiotrichum . Dipodas-
caceae. Pichia 55525 AR BTAH DA e 1 LRI PRl
J& o Kluyveromyces 5CMR . L% . FEEFT L(-)-FL
iR £ s B2 A AH I Saccharomyces 5T e fAAHIC
(P<0.01). T Dipodascaceae 518 . TR, ZBLH
T EERLIEARSE(P<0.05); Pichia 5 - LB, WIR
AR AN R 52 T E A DG (P<0.05), F5 SR AP
RPN Pichia J25 VO8RS 175 p% v IXUBKR42) IS AE SR8
1= Y LR R o

FH I TT O, A5 25 E PLRIAE 22 5, &
MIZ PR T 52 22 AR GAE A AR N4, SETTXTR
Wi ) 5 IR B A S, TE AT A
MR . ASBSEIE N T VUGS & EFL T 9 REY)
GEAR R AR I ST, 3R iE— 25 3L TR R [ Ao
SRS HTARSE GHRAL T IR, OB R TV E S
REEFLHLEATIE A AR AR T
3 g

ASBIFGE T PH gt A [F) M DX 4% G e T2 i i
VAR BRI R M R BT T T 27645307 7E
13 PR WREAS Hh 22 S T 35 B 2293 &M
RUR B S, EZAAFEERIS 14 Fh BR2S 10 BP . BEE
4 Fh BRZE 3 Fh kEkEE 3 A AIHAE S 1 BR. B
FER I, MR B ) AR A RSN, N
[ DR . A . ISR ZR AL R T T A=)
BB LS F R Z R . W DU T 26 40 2R R LB i 4
Fh=E s M AR REE B S I FRIR, T RE
SR SR HEA R AR S E A HLIX
S T ARIBAT B bl X AR SR AE FL e A e bR AN i
& H ), A B VR O T A BRI AR, P Al
VISEEREE & (Streptococcus ) R 325, Ho g W LI 55 &
(Geotrichum) F si &AL & (Kluyveromyces ) i 3
5T, A 75 Bt — 2 TR AT SRR R HIB 7 1Tl
AWee IR AR X o EAh, it Spearman AHSE FR
5 OAV>1 YRHIE R BTEA TAH PR 53T, 5 XL
A ) J5T AH 5 P 45 v 19 4T B B RS2 22 02 Lactobacil-
lus . Acetobacter. Leuconostoc; 5 XU iAH K458
= 1Y) L R s R R Apiotrichum . Dipodascaceae .
Pichia. MRS NI DIRe HEUAE M A T w7 5
R LAt XU & BT B AL A
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