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An optimization for fermentation processes to make lactic acid juice with the extracts from apples, carrots,
celery, watercress, jujube and lycii (3:3:1:1/2:1:1/2) using co-cultures of Leuconostoc mesenteroides,
‘Lactococcus lactis and Lactobacillus cellobiosus isolated from Dongchimi had been investigated on the emphasis
of composition of sugars and sodium chloride at various temperatures. The concentration of sugars less than
25% and salt less than 0.8% did not affect remarkably the cell growth of lactic acid bacteria and acid formation
during fermentation. The fermenting juice showed increases in the population of lactic acid bacteria and acidity,
and decreases in population of coliform bacteria and sugar concentration with high cultural temperature. At
25°C viscous substance was not formed as it had at 15°C. The optimum composition, based on the sensory
evaluation, was determined to be oligosaccharide and 0.2% for sodium chloride. It took 3 days to produce the
most preferable juice of pH 3.62 at 25°C. At the optimal state the fermented juice showed viable cell counts (cfu/
mL) of exponential numbers 8 for lactic acid bacteria and 4 for yeast. Coliform bacteria which had been
5.6 X 10> cfu/mL at the beginning of fermentation were not detected.
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Table 1. Effect of sugars on the fermentation properties and preference test of mixed fruit and vegetable juices during coculture of
Leu. mesenteroides, Lc. lactis and Lb. cellobiosus at 25°C

Sugars (20°Brix)
Fgrmentation Cogltrql — —
time (day) (8:4Brix) Glucose Fructose oligosaccharide oligosaccharide

Lactic acid bacteria (cfu/mL)

0 940 % 10° 8.40 % 10° 8.35x 10° 8.50 x 10° 8.49 x 10°

1 620 108 9.20x 108 1.11 x 10° 7.75 % 108 7.50 x 10

2 7.10 x 108 131 x 10° 171 % 10° 7.90 % 10 7.31 % 108

3 8.10x 10° 8.50 x 10° 1.64 x 10° 8.58 x 10° 8.45x 10°

6 6.60 x 10° 6.57 % 10° 1.70 x 10} 7.55%x 10° 7.32x 108

9 351 108 4.20 x 10® 143 x 108 4.85x 10 4.25x 10°
Coliform bacteria (cfu/mL)

0 2.90 x 10 290 x 10° 3.40 x 10 3.10x 107 3.02x 10

1 2.00 x 10! 2.00 % 10' 1.00 x 10! 1.00x 10! 1.00 x 10!

2 nd nd nd nd nd

3 nd nd nd nd nd

6 nd nd nd nd nd

9 nd nd nd nd nd
pH

0 499 4.94 498 5.02 5.03

1 3.87 3.93 4.00 3.92 3.88

2 3.70 3.66 3.66 3.70 3.68

3 3.56 353 3.55 357 3.57

6 341 338 3.39 342 341

9 337 335 3.36 : 3.39 3.34
Titratable acidity (mL of 0.1 N NaOH/100 mL)

0 18.0 18.0 18.5 17.5 17.5

1 54.0 43.0 39.0 49.0 48.9

2 88.5 76.0 76.5 79.0 79.6

3 111.0 975 98.0 97.0 98.6

6 130.0 1210 128.0 1190 123.5

9 162.0 141.0 149.3 159.0 158.3
Soluble solid ("Brix)

0 8.4 20.5 20.4 20.2 20.3

1 83 204 20.2 20.0 20.2

2 8.0 20.3 20.2 202 20.2

3 8.2 202 20.1 204 20.1

6 7.8 19.6 19.0 19.0 19.6

9 7.1 18.6 184 18.6 18.9
Preference test

Sum of ranking order* 200° 130%® 123® 65 82°

*The data are obtained from 40 panel members. *™“The most preferable sample is ranked first and the least preferable sample sixth. Means with
different supperscripts in a column are significantly different at p<0.01.
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Table 2. Effect of fructooligosaccharide concentration on the fermentation properties and preference test of mixed fruit and
vegetable juices during coculture of Leu. mesenteroides, Lc. lactis and Lb. cellobiosus at 25°C

Fermentation Fructooligosaccharides(%)
time (day) 0 10 15 20 25 30
Lacticacidbacteria(cfu/mL.)
0 8.60 x 10° 840 % 10° 9.98 x 10° 8.50 x 10° 9.00 x 10° 8.75x 10°
1 5.40x 10 6.30 x 10° 6.22x 10° 6.60 x 108 8.00 x 10® 7.50 x 108
2 8.90 x 108 8.10x 108 790 x 108 7.70 x 108 7.12 % 10 9.50 x 10
3 0.80x 10° 9.40 x 10° 9.10 x 108 7.90 x 10° 7.20 % 10 9.99 x 108
6 7.22 % 10 7.30 % 108 7.70 x 108 540 % 108 5.50 x 108 7.32x 108
9 427 x 108 446 x 10° 452 % 10 341 x 108 2.08 x 10 4.39x 108
Coliformbacteria(cfu/mL)
0 3.60 x 10? 340 x 107 4.98 x 107 4.50 x 10? 4.00 x 10 3.75x 10?
1 7.00 x 10 5.00 x 10! 9.90 x 10" 9.00 x 10! 9.00 x 10! 1.00 x 10}
2 nd nd nd nd nd nd
3 nd nd nd nd nd nd
6 nd nd nd nd nd nd
9 nd nd nd nd nd nd
pH
0 476 475 4.76 4.75 4.75 478
1 3.83 3.82 3.83 3.83 384 387
2 372 371 371 3.72 371 3.76
3 3.59 3.57 3.57 3.54 3.55 3.61
6 3.42 340 341 338 3.40 345
9 3.39 337 3.39 3.36 3.38 340
Titratableacidity (mL of 0.1 N NaOH/100 mL)
0 27.0 26.5 26.0 25.0 24.5 30.0
1 74.0 75.0 70.0 61.0 66.0 82.0
2 106.5 105.0 98.0 96.5 94.1 113.5
3 145.0 145.0 134.0 129.7 126.5 156.5
6 159.0 170.5 165.0 175.0 171.0 190.2
9 170.0 185.0 189.0 190.4 1852 201.5
Soluble solid (°Brix)
0 10.0 16.0 19.1 21.0 234 253
1 9.0 15.0 18.1 20.5 23.0 24.8
2 9.2 152 18.0 20.2 22.8 25.0
3 93. 154 18.0 20.7 23.6 25.5
6 2.0 14.8 17.8 20.5 23.0 24.8
9 82 142 17.1 20.2 22.6 23.9
Preferencetest
Sum of ranking order* 240 123 58 76" 152 191°

*The data are obtained from 40 panel members. *>*The most preferable sample is ranked first and the least preferable sample sixth. Means with
different supperscripts in a column are significantly different at p<0.01.
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Table 3. Effect of sodium chloride concentration on fermentation properties and preference test of mixed fruit and vegetable juices
during coculture of Leu. mesenteroides, Lc. lactis and Lb. cellobiosus at 25°C

Fermentation Sodium chloride (%)
time (day) 0 0.1 02 0.4 0.8
Lactic acid bacteria (cfu/mL)
0 9.40x 10° 1.14 x 10° 937x 10° 9.55x 10° 993 x 10°
1 6.63x 10 8.00x 10° 8.40x 108 893 x 108 6.97 x 10
2 7.40 x 10 9.55x 10° 1.02x 10° 9.40 x 108 5.70x 108
3 6.70 x 10 940 x 108 1.07 x 10° 9.25x 10° 7.50 x 10
6 422x 10 7.30 x 108 8.70 x 10° 7.40 % 108 5.50 x 10
9 1.27 x 10 4.46 x 108 6.52x 10 441x 108 2.08 x 10
Coliform bacteria (cfu/mL)
0 3.50% 107 2.50x 10? 2.00x 10° 3.10x 1¢? 2.40 x 10°
1 2.00 x 10! 1.00 x 10! 1.00 x 10! 1.00x 10! 1.00 x 10
2 nd nd nd nd nd
3 nd nd nd nd nd
6 nd nd nd nd nd
9 nd nd nd nd nd
pH
0 4.78 4.72 4.70 4.65 4.60
1 394 3.90 391 3.89 3.83
2 372 3.66 367 3.65 3.66
3 3.65 352 3.56 352 3.46
6 342 3.40 3.40 338 332
9 3.39 3.37 337 3.36 3.30
Titratable acidity (mL of 0.1 N NaOH/100 mL)
0 27.6 28.0 27.0 27.0 28.0
1 57.0 572 57.0 55.0 55.0
2 96.0 972 99.2 97.5 96.0
3 150.0 114.0 116.0 1155 117.0
6 161.0 131.5 158.5 155.0 158.0
9 180.0 165.0 171.0 1704 175.2
Preferencetest
Sum of ranking ordera) 114 95* 40%* 148** 190%*
“The data were obtained from 40 panel members. The most preferable sample is ranked first and the least preferable sample sixth. *P<0.05.
**P<0.01.
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Fig. 1. Effect of temperature on the microbial population in
mixed fruit and vegetable juices during coculture of Leu.
mesenteroides, Lc. lactis and Lb. cellobiosus.
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Fig. 2. Effect of temperature on the pH and titratable acidity in
mixed fruit and vegetable juices during coculture of Leu.
mesenteroides, Lc. lactis and Lb. cellobiosus.
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Fig. 3. Effect of temperature on the soluble solid contents in
mixed fruit and vegetable juices during coculture of Lew.
mesenteroides, Lc. lactis and Lb. cellobiosus.
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Fig. 4. Effect of temperature on the viscosity of mixed fruit and
vegetable juices during coculture of Leu. mesenteroides, Lc.
lactis and Lb. cellobiosus.
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Fig. 5. Fermentation properties of mixed fruit and vegetable
juices under the optimum condition: fructooligosaccharide
15%, NaCl 0.2 %, temperature 25°C.

Table 4. A preference test for mixed fruit and vegetable juices
fermented by mixture of Leu. mesenteroides, Lc. lactis and Lb.
cellobiosus at the optimum concentrations of
fructooligosaccharide, sodium chloride and starter at 25°C

Fermentation time (day) Sum of ranking ordera)
1 150%*
2 85
3 50%*
4 115

“The data were obtained from 40 panel members. The most preferable
sample is ranked first and the least preferable sample fourth. *P<0.05.
**P<0.01.

3:3:1:12:1:129) B &2 33 EFHAF FA w2
H¥] B8 Leuconostoc mesenteroides subsp. mesenteroi-
des, Lactococcus lactis subsp. lactis. Lactobacillus cellobio-
suser JEESL G A Ee H7reh wideEe] HAxAG
HE 9 A5EAC S TR ARG SYIgs ¥
e F2 25% olstellM, AHL 0.8% ol3tolA ikt
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