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1.1 Rt 5EE

L1 A B, W5 b2 Dl & e
AIRAFE; FHFATHE (Lactobacillus helveticus
NWAFU1450) . T8 FLAT# (Lactobacillus casei
NWAFU1574) . HYFFF#  (Lactobacillus plan-
tarum b=2) &I T B FL AT 7 (Lactobacillus paraca-
sei EG9) 176 fR W 1% 1 (Kazachstania.unispora
isolate D1D2), 4 i A< 92 55 28 WA 6] R 15 5 v 4
BAAL TS B v v B 4EBEBE (Kluyveromyces
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marxianus ) , JLANF .

MRS AR K; 7256 MRS BRR IR | &
AL SRR R iR e SR
AR E AR A PR T 5 WEREIR by o6 2 W 1 %
F(YPD) , B H ff A i 0 A BR 2 )

.12 FEMNHS5E&E K% pH it ,DELTA-
320 Mettler (Hg 4 ); AAH 35 - B 3% B¢ A A
7890A-5975C , 35 [E ‘L HE(R A\l ;SPME 5 U
F [ Sigma 23 7l BEAR L 1200-6210, 2 [E 2 HES
) fE IR R S IR A BSC-250, b AU T4
RN W 5 B 0L HI601R S O WL 7 5 38
JR SKY-200B, |- 5 BAL#R AL R AT BR A B 5 3
TAEG SW-CJ-2FD, 75 5+ 48 A1 05 N &2 28 25 SR
R A B E R K T 8 HH -4, [ A H 38 4T B

1.2 RWH*E

1.21 WAL FLER v R B B T 2 0 AR
MRS W35S YPD MR FR A 40 2 1k,
RERAEACES ] 12 h, RIS 1K,

122 HEEHl s S RIS = AR R
FRAGI 72 OD {E FI B HF 2% B2 i pn e th 26, JF it 5
300 mlL & B H 45 1A 2R v s U 0 A TR S, AR A
1% G R B W5 TR R AR MY 3 ) 7 95 HIORT OD B 2k
PG 28 45 ) L R 181 1) 1R 1 %% 22 107 CFU/mL, B
BETR) 4R R %5 B2 10° CFU/mL, 7E 4 CAF T U
5 000 r/min 1946 3 2.0 B & W 15 min, &0 1%
PR K A R K TP g vk 2 I A& L IR R
T P B S5 0 e A ] %) B G RN T A IR 2 2 5
W1,

.,
1 BOMEBEREAR
Table 1 Sample group of Koumiss fermentation

BR 2 oy KB U 5 KB A
L1 %%+ LA H (Lactobacillus helveticus NWAFU1450)
L2 T8 5LAF  (Lactobacillus casei NWAFU1574)
L3 A LA H (Lactobacillus plantarum h=2)
14 & F 8 SLAHF A (Lactobacillus paracasei EG9)
Y1 S 78 8 B F (Kazachstania unispora isolate D1D2)
Y2 Iy 53 56 & 4 8% FF (Kluyveromyces marxianus)
M1 ¥+ SUAF B+ FA BB B 7 (Lactobacillus helveticus NWAFU1450 + Kazachstania unispora isolate D1D2)
M2 T SUAF B + B L 5t & Y B HF (Lactobacillus helveticus NWAFU1450 + Klwyveromyces marxianus )
M3 T B& SUAT ) + 2 F0 88 B (Lactobacillus casei NWAFU1574 + Kazachstania unispora isolate D1D2)
M4 T B& SUAF B + 3 U7 St 2 BE 5 (Lactobacillus casei NWAFU1574 + Kluyveromyces marxianus )
M5 LAY FUAT B+ T BB B 7 (Lactobacillus plantarum b-2 + Kazachstania unispora isolate D1D2)
M6 LA SUAF A + Ty W & 48 FF (Lactobacillus plantarum b=2 + Kluyveromyces marxianus )
M7 &) T B SUAT 14 + 32 J0 88 8% 5 (Lactobacillus paracasei EG9 + Kazachstania unispora isolate D1D2)
M8 &) T B SUAF 1 + 5 L 47 5L & Y 8% 5 (Lactobacillus paracasei EG9 + Kluyveromyces marxianus )

A EG R LG T2 (B la), 3555
FUATIR D W /NI B & R (B 1b) . 4 300
mlL B 6 T W BRI A R WA TR T, et B I OR
(68 °C, 30 min ) J& A ME & 410 K BER, D45
KR FTIR AT, 8 JZ 2010 4% B Kk T FE (PR 15
2, R A YY), B 23 °CL,40%
RH fHIRfE 8RR SR 40 A WE . RS, JHRE S he ks
(500 r/min) 7E 1 K4 2.5 h i PE— IR R BRI, B K
5K, ESE—E(0~5d I EBEBBE,6~7 d N
AR B ) 154 T 3 KA ST R, FHJCTE B0

a3 WCAR TR B % W A 0,24,48,72,96 h K
120 h FYFRE 22

123 pH{EME FHIM% pH it (DELTA 320)
B E

1.24 Wi EREME =M GB 5009.239 -
2016E i R 5 A I 5 ) v 15 B4 75 570 32 T 7 1,
125 FBEMNE % GB/T 4789.35-2010( &
i SR R e FLIR TR AR 0 ) J R AT e
1.2.6 BEEEEMNIE 4% GB 4789.15-2010 (&
A ERAAGS B R AR RETEO) ribA rie ),
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Fig.1 Schematic diagram of the fermentation process of Koumiss

1.2.7 Lotka—Volterra #& % T 2 #f 0] 4H H. 56 &

dL _ Q, ]_M
ﬁ _lu’maxLL 1+Q] ) ( Lmax ) (1)
dP _ 0, ) 1_P-bL
dr Tt 140, ( P, ) (2)

8 PR R i A T B AR AE K TR 22 B B AT
fapsmdl . =L A P o B A AR ] ¢ LR B RN
BERY CFU Q) Fl Q, 430 by WA G A6 4 1) A AR
B ool FN P 53 3R e KW FIBE R L,
P 50N BB R A IR CFU e A1 b 1 R 5L
T FLIR VDX T B 1A 0 ) 5 4 S8, 2 IR ER

MR, Q. /(1 + Q)IEE N 1, R
M -1 B 1, RRE TSR Mo T R R,
AT /N Ff LA Matlab f5%5 o 1 b #9250,
1.2.8  WBRAEFR AT 3 T A [ AR T A OB AR
g5 A S AE 5 FEE B H (HS-SPME-GC-MS) #
AR e 14 1% B Bk e 5 3k R e R O 5 A
im0 GC &, %A . DB-WAX, 60 mx0.25
mmx0.5 pm(FERK xR ) JERE CIREE . 240
C; a1 uL,HK@%é}(ﬁi,fﬁi/ﬁﬁ 1 mL/min ; 2%,
S (He) ¥t # 20 mL/min; £ 78 FHEFE T .35 C, £+
£F 3 min, A 3 “C/min F+ %] 220 °C, &£ FF 10 min, MS
W . B TR EL, B 7 U5 B 2230 °C, DY 2T i
J& 150 °C, J5i 2 B4 45 ] :33~500 amu, & 1 HL
Uit 100 WA, F A VW) BT ARG G 5 NIST 1.1 3%
JERE R, BEFRVCHLE Qual KT 80% K % % 45
X AU A I 147 R, A AR R I ) 06 T AL R T AR

VA —AIE TR A A AR X B 3
1.3 #HEZITHH

PRAEFE A5 I 159 2085 R ] Microsoft Excel 2016
GEITRITHE A B JEERIR g VA A v g 2
Ji H Origin #l &, Lotka—Volterra £ % 481 & >k H
Matlab 72 i, 38 52 #4120 1 5 28 53 Bt e XUk 49y Jo ik
FIHEHRIN, Wi 7E Simea—14.1 FAF 47 i e
/N3 i [n] I (PLSR) A TR 4% 35F 410 %5 B il 15 45 il
JRUBR 22 [1] 4 A S AR

2 ZBRE55H
21 HEBRISVABEMEIEXRNHAR
2.1.1  KNIRIER S5k B4 pH (E R E b K
2 FRUABE A TR Ty & BT, T A R EEALY pH
(B2 T B T2 2 D 32 i 4 n , JF b LR AT Y 7 1R
BRI T EERETE . Bl 2a.2b 2¢.2d SR TE 4 Fh
FUFF IR, T 1% 2L AT B ™ R R Je B 70 R I )5 10
pH A1k 3 3.89, H ik oy @l 1 & FLAF o J 1 2L AT
RFITARL ) LT TR 7 R SR R AR X 0 18 , FLIR W 5 5
i 0T v A R IR A R B IR AR TS
0 TG P B 1) VR A

Hi &1 2e 26 W] AT, W AR IR R B R, T v 1T e
YE WL R W JE ) pH (H R 2 4.16, T 5 A6 BRI
PR 2 I ) pH (E P & 5.06, HE P 55
Wrvn & AemERE 5 A FURERG , se R ELREE D B &
A A AR Y B IR 5T i B A6 R Y RS R L
BRI B RE | A S5 X — DAL Ry = B
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Fig.2 pH and acidity of mono or co—cultures fermented Koumiss samples
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Fig.3 The count of lactic acid bacteria and yeast of mono or co—cultures fermented Koumiss samples
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MIHEAT, FLAR S MRS o ME B A5 BB T 1y A=
Z RN iR (HIR 20 TR AR, 5
et v 2 P R LR R B RE DR B R
TR 2 TR H 3 A PR AR TR B R A, FLRR TR
BRI P 550 8 L ) P s e ], DT 410
il 5 b 5 i v 6 A EERE ) A2 K0

Lotka—Volterra 1t [A] 55 4 155 B F) A 1R 18 & 1%
1A % v T o T A T i 5 B A TR T 78 A LU B A
RUIE R BRI AR BAE ], JF HE A il
JHT e 5E0e AR B ] RS R (3R 2)iff— 20
el T B3R 3 M of H & B R RE 7 85 1 1 s L
FF T 5 R T 1 LA TR X B TR Y 3 B X6 25 [ ) 58
St T 5 T v AE I A AT DL LR R
R 2 8] 5 4 1) 7 B 2 5 ity - FL AT B R 4 L
TR 3 T A IR A 5 1 LT T B B SR A 3
G,

% 2 Lotka-Volterra A HHBEERSH

Table 2 Lotka—Volterra model interaction parameters

. A8 EAR R A S
a b

M1 13.18 £2.43 -8.16 £ 1.23
M2 -3.13+0.42 -1.13£0.12
M3 282.97 + 4.86 -15.81 £2.73
M4 11.02 £ 0.87 14.54 £2.43
M5 -2.02£0.23 -17.92 £ 1.46
M6 -2.01 £ 1.74 -0.93 +£0.93
M7 121.53 £2.12 -21.31+0.49
M8 -14.79 £ 1.13 -60.68 +2.89

22 REBRDUVABEHSHERKBE RN
XSS
22,1 ARV BIBR S W5HE i KR Y BT i 43 B [
4 0 14 2H BT IR TR K TR TR b 5 44 D Ak XU R ) T
& T LUA 3 SPME-GC-MS AR X [
oA T B T 4y K 14 2H BT TR T K TRE TR B 1 R A7 KL
DR A3 BT, 28 NIST 1.1 3% AR KA & Y Ve i
JIE 53 BT J A FH A &1 A 7 508 T A IS AT LU 3]
(P 4) K it r ) 5 1 65 Fh Ak 540 .
MG R R, FLIR A 5T & R Wy R
an (L1,12,13,L4) AR 2 W ot o | A 45 2 TR
(octanoic acid) , 1IE 282 (n—decanoic acid) , F # R

(dodecanoic acid), & B& (acetic acid), & FR (hex-
anoic acid) 55 R 25 XU W o, HE AR X o o 0 040
Wik 59.17% ,24.86% ,4.82% ,5.76% ,8.63% ,
W VT A5 7L R DA E R IR T 1 A R R AR R
KW BT, R EE A F RIS R, HA
D RER BRI,

T T B TR D R TR IR EL WA b, T 34
PR S AN R IR 2 P ISR T B e T AT ) P
R AR | TR AR R G218 L XUBR ) ot 4 o R 2L R
BAHRL, ABR S &, oA D e ik FR2E, M
o 3T T 2 L T DUTE R S AR R b R A b
Ko, HER 2 XU A 5 18.07% , HL AR 4% T Hi 4%
BT R AL, SE TR 5 2 RN 9.88%F1 6.63% ., Tk
KWy AR % R B T o R e X AR, A
BOH 74.64% , Hoib =E 1R £, TG (ethyl octanoate ) Fil 5%
% £ Mg (ethyl caprate) B A f 55511 P A R 28 )
S, BB BN 36.45% 0 21.73% ., L BEAE R
i H B R, 5 R 6.10%

MR A B RFE , BB BRI A 4 Fh
PR FLIR TR I & TR T 5 107 %ok IXURA: 400 J55 449 G ) 52 i)
BN, BRIEYAL R M1, M3, M5, M7 & B4 T
2 0T AR B RV ) I, P R T T R Y A X L R
AR B A (R R, TR R AL
Mg, TE2$ MR AR KR Y oL & £ 34 1 T B TR &
., T4 PP FLIR B I A B s v A R
RETR U5, AE Ry 32 R A W) 0L 1) T2 A1 IE 55 1R
1) J5 2t 43 A5 I 8 R AR, M2, M4, M6, M8 H [ 5 iR
By By B A 21.20% ,23.82% ,21.03%
27.14% , 1E 58 R ot 52 73 8053 0l o8 12.11%,13.39%
12.48%,9.81% , [F] 3R, b 5 3 o & 4 [ ) g i 2 2L
PR TR LTRSS R £ TR 1 o1 i 4 B &2 3 1 3L
TR T B AR M2, M4, M6, M8 o iR 2 TG 5 R 4y
Bk 26.94% ,23.05% ,26.45% ,22.89% , TR
T B T8 4y B B R 10.67% ,9.6% ,10.29%
4.38% , L EAE R R 1 7 vh 2 B T AE ) e
o B AE B RS 50 TR W R R R & i

o

I

L LR, SRR R AR X T 4 RhELM O
PR 2R AR HE IR, IE S PR AF PR W) B 2R AL
EPRHA S R, REAERS LW
PR Sy S R B AN 8, (U —E R B L T
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Fig4 Heat map of volatile flavor substances in 14 groups of mono or co—cultures fermented Koumiss
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Fig.5 Flavor correlation of dominant bacteria and volatile characteristics in traditional Koumiss
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Interaction between Dominant Microflora and Correlation with Flavor Substance

in Traditional Koumiss
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In order to study the interaction between the dominant bacterial community of Koumiss and the relationship

between the bacterial community and characteristic flavor, this experiment conducted mono— or co—cultures fermentation of

4 strains of lactic acid bacteria (LAB) and 2 strains of yeast isolated from traditional Koumiss, and measured the acidi-
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ty, pH, changes in the amount of LAB and yeast in 14 groups of fermentation group. HS-SPME-GC-MS was used to
study the differences of volatile flavor compounds in different fermentation groups. Lotka—Volterra model and partial least
square regression (PLSR) were used to analyze the interaction coefficient between LAB and yeast and the correlation be-
tween dominant bacteria and the formation of characteristic flavor compounds in Koumiss. Lactobacillus casei (L. casei)
had the fastest acid production rate among LAB, with pH value of 3.89 in the late stage of fermentation. For yeast, pH
value of Kluyveromyces marxianus (K. marxianus) dropped to 4.16. The acid production of co—culture fermentation group
was better than that of mono—culture fermentation group. The fermentation of LAB and Kazachstania unispora (K. unispo-
ra) can promote the growth of K. unispora. After 72 h of mixed fermentation with K. wunispora, the bacterial colonies of
Lactobacillus plantarum (L. plantarum) and Lactobacillus paracasei (L. paracasei) reached 1.91 x 10° CFU/mL and 1.66 x
10° CFU/mL, respectively. Also, it promoted the production of caprylic acid and n-decanoic acid. While the mixed fer-
mentation of LAB and K. marxianus can form competitive inhibition. Also, the production of ethyl octanoate and ethyl
caprate was inhibited in the co—fermentation system. The inhibitory effect on L. casei and Lactobacillus paracasei (L.
paracasei) , which produce acid rate faster, was stronger than the L. helveticus and L. plantaru).

Keywords koumiss; lactic acid bacteria; yeast; flavor substances; interaction relationship



