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Supplementary data

Table S1. Morphology of wet bacterial cellulose films formed within kombucha tea after 6- and 12-
day fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid bacteria (YA),
and ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose

concentrations of 20 g/L, 50 g/L va 100 g/L.

Table S2. Changes in microbial densities (log CFU/mL) of Komagataeibacter saccharivorans during
14-day fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid bacteria
(YA), and ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose

concentrations of 20 g/L, 50 g/L va 100 g/L.

Table S3. Changes in microbial densities (log CFU/mL) of Saccharomyces cerevisiae during 14-day
fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid bacteria (YA), and
ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose

concentrations of 20 g/L, 50 g/L va 100 g/L.

Table S4. Changes in microbial densities (log CFU/mL) of Levilactobacillus brevis during 14-day
fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid bacteria (YA), and
ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose

concentrations of 20 g/L, 50 g/L va 100 g/L.



22  Table S1. Morphology of wet bacterial cellulose films formed within kombucha tea after 7- and 14-
23 day fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid bacteria

24 (YA), and ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose

25 concentrations of 20 g/L, 50 g/L va 100 g/L.
After 7-day After 14-day After 7-day After 14-day
fermentation fermentation fermentation fermentation

A20 YA20
A50 YAS50
A100 YA100
YAL20 YAL50
Notes:
A — Komagataeibacter saccharivorans
YAL100

Y — Saccharomyces cerevisiae

L — Levilactobacillus brevis
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Table S2. Changes in microbial densities (log CFU/mL) of Komagataeibacter saccharivorans

during 14-day fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid

bacteria (YA), and ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial

glucose concentrations of 20 g/L, 50 g/L va 100 g/L.

D YAL10
a A20  A50 A100 YA20 YAS0 YAL00 YAL20 YAL50 .
403 404 409 412 410 4.06 4.08 4.10 4.10
(0.03) (0.05) (0.05) (0.02) (0.05)  (0.04) (0.02) (0.02)  (0.04)
, 5% 602 584 55 572 5.84 5.37 5.54 5.80
(0.01) (0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.03)  (0.02)
, 69 705 68 651 659 6.64 6.46 6.69 6.75
(0.01) (0.02) (0.01) (0.05) (0.02) (0.01) (0.02) (0.01)  (0.02)
, 725 745 729 722 713 7.18 7.13 7.24 7.27
(0.07)  (0.03) (0.05) (0.06) (0.07) (0.10) (0.07)  (0.05  (0.05)
, 811 819 816 809 815 8.28 8.13 8.11 8.30
(0.10) (0.06) (0.02) (0.07) (0.04) (0.03) (0.07)  (0.05  (0.09)
. 817 827 822 813 816 8.27 8.29 8.2 8.11
(0.08) (0.05) (0.06) (0.07) (0.02) (0.05) (0.05)  (0.04)  (0.10)
, 820 82 827 713 718 7.30 7.25 7.15 7.63
(0.04) (0.04) (0.05) (0.07) (0.04) (0.06) (0.07)  (0.04)  (0.03)
, 617 616 627 611 618 6.16 6.14 6.14 6.24
(0.08)  (0.06) (0.05) (0.05) (0.04)  (0.06) (0.13)  (0.09)  (0.05)
612 629 634 511 548 5.30 4.17 4.18 4.23
(0.12)  (0.05) (0.08) (0.05) (0.03) (0.06) (0.08)  (0.1)  (0.07)
645 613 634 388  4.32 4.48 4.09 4.41 4.31
(<0.01) (0.01) (0.01) (0.01) (<0.01) (<0.01) (0.01) (<0.01) (<0.01)
o 427 431 416 322 338 3.23 3.08 3.22 3.29
(0.05)  (0.05) (0.06) (0.06) (0.03) (0.04) (0.05)  (0.06)  (0.05)
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4.28 4.09 4.24 2.92 2.87 2.90 2.11 2.16 2.09

1 (0.03) (0.07) (0.09) (0.11) (0.12) (0.08) (0.10)  (0.02)  (0.07)
L, 399 400 425 257 208 2.63 1.48 2.11 2.14
(0.12) (0.06) (0.10) (0.03) (0.05) (0.04) (<0.01) (0.10)  (0.09)
4 388 373 378 200 216 2.32 0.48 0.35 1.09
(0.03) (0.03) (0.02) (0.06) (0.02) (0.06) (<0.01) (0.49)  (0.07)
6 279 294 324 045 118 1.48 0.30 0.48 0.87
(0.03) (0.01) (0.02) (0.21) (0.04) (0.04) (<0.01) (<0.01) (0.04)
1.3 124 200 . 0.30 0.50 . 0.48 0.54
(<0.01) (0.34)  (0.06) (<0.01)  (0.28) (<0.01)  (0.09)

Notes: The results were presented as mean (standard deviation) of triplicates and different letters
in the same columns indicate that the mean values were significantly different at 95% confidence
level.

A — Komagataeibacter saccharivorans, Y — Saccharomyces cerevisiae, L — Levilactobacillus
brevis



34 Table S3. Changes in microbial densities (log CFU/mL) of Saccharomyces cerevisiae during 14-day fermentation by single acetic acid bacteria (A),

35 binary culture of yeast-acetic acid bacteria (YA), and ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose
36 concentrations of 20 g/L, 50 g/L va 100 g/L.
Day YA20 YA50 YA100 YAL20 YALS0 YAL100
0 4.11 (0.05) 4.05 (0.02) 4.07 (0.03) 4.12 (0.04) 4.14 (0.02) 4.08 (0.03)
1 5.36 (0.05) 5.42 (0.03) 5.77 (0.01) 5.19 (0.02) 5.28 (0.03) 5.31 (0.08)
2 6.75 (0.02) 6.81 (0.01) 6.69 (0.02) 6.32 (0.03) 6.59 (0.02) 6.77 (0.02)
3 7.36 (0.05) 7.68 (0.03) 7.71 (0.02) 7.55 (0.04) 7.67 (0.02) 7.85(0.01)
4 8.13 (0.07) 8.14 (0.09) 8.34 (0.06) 8.20 (0.04) 8.27 (0.05) 8.41 (0.04)
5 8.11 (0.05) 8.20 (0.08) 8.27 (0.05) 8.15 (0.04) 8.10 (0.14) 8.23 (0.04)
6 7.34 (0.06) 7.94 (0.01) 8.08 (0.01) 7.25 (0.07) 7.59 (0.03) 7.74 (0.03)
7 6.08 (0.05) 6.22 (0.06) 6.30 (0.06) 6.09 (0.07) 6.14 (0.09) 6.14 (0.09)
8 5.52 (0.06) 5.65 (0.03) 5.82 (0.01) 4.35 (0.04) 4.46 (0.04) 4.65 (0.04)
9 4.44 (<0.01) 4.46 (<0.01) 4.26 (0.01) 4.45 (<0.01) 4.41 (0.01) 4.28 (<0.01)
10 3.43 (0.05) 3.54 (0.02) 3.66 (0.01) 3.48 (0.04) 3.53 (0.04) 3.67 (0.03)




11 3.20 (0.08) 3.23 (0.04) 3.57 (0.03) 2.04 (0.06) 2.29 (0.05) 2.35 (0.04)
12 2.85 (0.03) 2.93 (0.01) 3.33(0.01) 1.30 (<0.01) 1.99 (0.12) 1.92 (0.11)
14 2.50 (0.04) 2.61 (0.02) 2.97 (0.01) 0.30 (<0.01) 0.48 (<0.01) 0.92 (0.11)
16 1.89 (0.02) 1.97 (0.02) 2.11 (0.01) 0.30 (<0.01) 0 0.59 (0.16)
18 0.30 (<0.01) 0 1.00 (0.06) 0 (<0.01) 0 0.30 (<0.01)

Notes: The results were presented as mean (standard deviation) of triplicates and different letters in the same columns indicate that the mean values
were significantly different at 95% confidence level.

A — Komagataeibacter saccharivorans, Y — Saccharomyces cerevisiae, L — Levilactobacillus brevis
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Table S4. Changes in microbial densities (log CFU/mL) of Levilactobacillus brevis during 14-day
fermentation by single acetic acid bacteria (A), binary culture of yeast-acetic acid bacteria (YA),

and ternary culture of yeast-acetic acid bacteria-lactic acid bacteria (YAL) at initial glucose

concentrations of 20 g/L, 50 g/L va 100 g/L.

Day YAL20 YAL50 YAL100
0 4.02 (0.02) 4.14 (0.02) 4.08 (0.03)
1 5.48 (0.02) 5.63 (0.01) 5.86 (0.01)
2 6.25 (0.03) 6.25 (0.03) 6.62 (0.01)
3 7.27 (0.02) 7.22 (0.02) 7.60 (0.02)
4 8.28 (0.03) 8.27 (0.05) 8.16 (0.06)
5 8.28 (0.06) 8.33 (0.07) 8.17 (0.12)
6 7.27 (0.05) 7.23 (0.07) 7.32 (0.06)
7 6.14 (0.09) 6.15 (0.04) 6.24 (0.05)
8 4.14 (0.09) 4.18 (0.10) 4.20 (0.04)
9 3.30 (0.06) 3.33 (0.04) 3.23 (0.04)
10 3.14 (0.09) 3.09 (0.07) 3.18 (0.10)
11 2.02 (0.09) 2.22 (0.06) 2.45 (0.02)
12 2.06 (0.03) 2.09 (0.07) 2.28 (0.06)
14 0.72 (0.17) 0.94 (0.14) 1.09 (0.07)
16 0.30 (<0.01) 0.48 (<0.01) 1.06 (0.08)
18 0 0 0.45 (0.21)

Notes: The results were presented as mean (standard deviation) of triplicates and different letters
in the same columns indicate that the mean values were significantly different at 95% confidence
level.
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A — Komagataeibacter saccharivorans, Y — Saccharomyces cerevisiae, L — Levilactobacillus
brevis
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