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Symbiotic Fermentation Characteristics of Lactic Acid Bacteria and Yeast Isolated from Koumiss in Inner Mongolia

YAN Bin, HE Yin-feng*

(College of Food Science and Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)
Abstract: The co-cultivation of a strain of lactic acid bacteria and a strain of yeast isolated from koumiss in Ximeng region of
Inner Mongolia was studied. The best fermentation conditions of two-strain system were preliminarily explored. The optimal
conditions for maximum viable cell count of lactic acid bacteria were shake culture at 30 “C for 12 h and then stationary culture
at 37 °C for another 20 h in a medium based on skim milk with the addition of 1 g/100 mL peptone, 0.5 g/100 mL sucrose and
0.5 g/100 mL yeast extract powder, while maximum viable cell count of yeast was achieved after stationary culture at 37 °C for
8 h and then shake culture at 30 ‘C for another 32 h in skim milk with the addition of 0.5 g/100 mL peptone, 0.5 g/100 mL sucrose
and 0.5 g/100 mL yeast extract powder. The inoculum was a mixture of lactic acid bacteria and yeast at a ratio of 1:1 (m/m). In
addition, the effect of secondary fermentation on the symbiotic interaction between the two species of microorganisms was
explored under the optimal growth conditions. Active substances promoting the growth of lactic acid bacteria were formed during
the first 12 h of shake culture of yeast in medium No. 5 at 30 ‘C, while those promoting the growth of yeast were formed during
the first 16 h of stationary culture of lactic acid bacteria in medium No. 1 at 37 °C. During the secondary fermentation, the viable
cell counts of yeast and lactic acid bacteria in co-cultures were both significantly higher than those in pure cultures (P < 0.01).
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Table 1 Factors and levels in orthogonal array design
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Fig.1 Growth curve of lactic acid bacteria in mixed cultivation at
different temperatures
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temperatures
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Table 4 Analysis of variance for the experimental results of orthogonal
array design for optimizing medium formula for lactic acid bacteria
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Table 2 Orthogonal array design and results for optimizing medium formula for lactic acid bacteria
- FRBIR A LY MRS LY BB
e A B AXB C AXC BXC AXBXC (10°CFU/mL) (10°CFU/mL) (10°CFU/mL)
1 1 1 1 1 1 1 1 13.00 + 0.33 15.50 + 1.33 250 £0.33
2 1 1 1 1 2 2 2 5.50 £ 0.75 12.00 £ 0.00 6.50 £ 0.19
3 1 2 2 1 1 2 2 10.50 + 0.75 6.50 + 0.08 —4.00 £0.17
4 1 2 2 2 2 1 1 8.50 + 2.08 6.50 + 0.75 —2.00 £ 0.59
5 2 1 2 1 2 1 2 7.50 £ 0.75 16.00 &+ 0.00 8.50 £ 0.19
6 2 1 2 2 1 2 1 7.50 £ 0.75 8.50 + 0.08 1.00 £ 0.15
7 2 2 1 1 2 2 1 20.50 £ 0.75 5.50 £ 4.08 — 15.00 £ 3.69
8 2 2 1 2 1 1 2 3.50 £ 0.08 7.00 +1.33 3.50 £ 0.52
K1 3.00 18.50 -25 —8.00 3.00 12.50 —13.50
K. —200 -17.50 3.50 9.00 —2.00 —11.50 14.50
ki 0.75 463 -063 —2.00 0.75 3.13 -3.38
k. —050 —4.38 0.88 2.25 —0.50 —2.88 3.63
R 1.25 9.00 1.50 4.25 1.25 6.00 7.00
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Table 3 Orthogonal array design and results for optimizing medium formula for yeast
A FURRIIRIIEOY12) BRI Y12l IR ORI /
s A B AXB ¢ AXC BXC  AXBXC (10°CFU/mL) (10°CFU/ML)  (10°CFU/mL)
1 1 1 1 1 1 1 1 49.50 & 2.08 155.50 + 2.08 106.00 £ 0.00
2 1 1 1 1 2 2 2 84.00 £+ 1.33 199.50 + 0.08 115.50 £+ 0.52
3 1 2 2 1 1 2 2 47.00 &+ 1.33 137.50 + 2.08 90.50 + 0.19
4 1 2 2 2 2 1 1 53.50 £+ 2.08 123.50 + 0.75 70.00 £+ 0.59
5 2 1 2 1 2 1 2 62.00 & 0.33 148.00 £ 0.33 86.00 & 0.00
6 2 1 2 2 1 2 1 80.00 £+ 1.33 155.00 + 0.33 75.00 £+ 0.33
7 2 2 1 1 2 2 1 61.00 £ 0.00 175.50 + 0.08 114.50 £ 0.03
8 2 2 1 2 1 1 2 68.00 £+ 1.33 155.00 + 0.33 87.00 £+ 0.33
Ki 382.00 382.50 423.00 397.00 35850  349.00 365.50
K2 362.50 362.00 321.50 347.50 386.00 395.50 379.00
ko 95.50 95.63 105.75 99.25 89.63 87.25 91.38
k 90.63 90.50 80.38 86.88 96.50 98.88 94.75
R 4.87 5.13 25.37 12.37 6.87 11.63 3.37
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Table 5 Analysis of variance for the experimental results of orthogonal
array design for optimizing medium formula for yeast
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AXB 1283.00 1 128300 2732 *
c 301.30 1 301.30 642
AXC 89.56 1 8956 191 ND
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WEN AxBxc 1781 1
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Table 7 Viable cell counts of lactic acid bacteria and yeast after co-
culture in medium formula No.1
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Table 6 Viable cell counts of lactic acid bacteria and yeast after co-
culture in medium formula No.5

g 04 0 L11:Y12 B o b
B 7% £ /(L08CFU/mL) 2 11 71
BRI FL R R AL 6.50 + 0.08 745+ 133  7.00 +£0.33
B B R LR AL 7.00 +0.33 10.50 +0.08  4.00 + 0.33
B T RO 0.5 + 0.02° 3.05 & 0.52° —340°

e AT /NG T REAS R R R AN R L A8 %o 38 3L AR A1 FH 1D 5 i 22 e A
BFEMP <0.01), £7 .

T ¥4 %5 /(10°CFU/mL) ) T 51
BT R 77 e B B AL 53.50 = 0.08  61.00 +0.33  45.00 + 1.33
B B SR RE T A 130.00 = 0 185.50 = 0.75 166.00 + 1.33

A % AR 6.5 + 0.022 124.5 + 0.05 121 + 0¢
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Fig.3 Growth curve of lactic acid bacteria during co-culture in medium
formula No.5
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Fig.4 Growth curve of yeast during co-culture in medium formula No.1
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Fig.5 pH change during co-culture of lactic acid bacteria and yeast in
medium formula No.5
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Fig.6 pH change during co-culture of lactic acid bacteria and yeast in
medium formula No.1
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Table 8 Effect of secondary fermentation on symbiotic interaction
between lactic acid bacteria and yeast in medium formula No. 5

R A 4°CYA I 48h )5
7% 73 oH LR A/ oH FLIR B H
(10°CFU/mL) (108CFU/mL)
HEERE 4761000 6.25+0.08  4.66+000 455+ 0.75
MR E 576 £0.00 12.00+0.33° 570 +0.00  7.85+ 0.75"
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Table 9 Effect of secondary fermentation on symbiotic interaction
between lactic acid bacteria and yeast in medium formula No. 1
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TR TR I AP < 0.01). FEARAE 4 CUKEH
Ve 48h 5 IR KA L, BRBR RS IR B U B IR IORE i
HHP I T ORI  BE LR U T SRR RS 00 v
e B BT 1) 375 A7 0 (KD A% T 30 iy B 1 5% 5% (1 35 11 K ) e
i o P EAT XUE 8 IR 75 e A I 31 18] 8 77 4 ot 2 0T 46 Ik
by T HOGUE S8 E TR 5T O R DR B = R L
FETI0A, FURR W R AE KL S pH A BT N R, B
W L R 7 e U 1) 4R 0 W 7 LI o T e B T 1 BT A
Ja R WSS pH ETEZE 7.49, W TR BF 1 7 VA 58U 7]
RENS Ak SE AT IO S R A 7 O o i T 5 R WL o
FLBR K pH fE 0 5.70, 5RMEZ miALEAR AR X
PR UE BRI 1 pH (EAE Je A WA AT P T i, 1l pH4.73
Jh2 pH5.34 . AT AERE XU BT I (FF dh 72 7% Js 30T 1R), L
PR VR AT P R LR . B ARG O B W B T R AR
LA A P SRAN ELAT Y a2, o TR 2 16 [
BT A,

3 & ®

31 AR RV A G IR AR EAE I BLHT, 0B A T B
T FUIR BT B 2500 dee R AP 132 52 h 30 CHE IR K5 9% 12h
TR 3T CH BRI TR, IfE RN [ 4 20h; XU# K
T o 1 T R T A1 500 e A R I 5 O 37 C B % 97
8h FiA% 3 30 CREINEG %, Iefh RN 5E y 32h
32 AR FLERFREL, WIN 3 PRV B AR,
T BRSO R RERE o AR 1E A IR0 A7 22 23 A XUR
B IR T LR v B AU I e P LG T A 2 5 Y, Bk
F1 19/100mL. EHE 0.59/200mL . FEREZ K} 0.59/100mL;
XU K 7% T I BE T 1 B A IR FL s L IC r 1A 1
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