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Growth Stimulator of Lactic Acid Bacteria and Bifidobacteria
in By-product of Barley Shochu
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The ethanol-insoluble (EI) fraction from the supernatant of a by-product of barley shochu had a growth-
stimulating effect on lactic acid bacteria and bifidobacteria. By adding the EI fraction, we found that
glucose consumption and lactate production were also accelerated. The EI fraction retained its growth-
stimulating effect even after autoclaving at 110°C for 10 min. As the amount of the EI fraction added was
increased, cell density also increased. The EI fraction was further separated by reversed phase and gel-
filtration chromatography to obtain two active fractions, whose main component was an oligosaccharide

consisting of glucose, xylose, and arabinose and whose minor component was a peptide.
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Yield : 100% (w/w)

| By-product of barley shochu

Filtration
Yield : 28% (w/w)

Suspended solids

| Supernatant (Brix 8) |

Centrifugation

Yield : 72% (w/w)

Evaporation

| Concentrate of supernatant (Brix 25) |

90% (v/v) Ethanol
precipitation

Filtration

Ethanol-soluble
(ES) fraction

Ethanol-insoluble
(EI) fraction

Yield: 47% (w/w) Yield: 23% (w/w)

Fig. 1.

Sep-Pak®Plus C 4
precolumn

Eluted with distilled water

Eluted with

methanol Gel-filtration HPLC

(YMC Pack Diol-60)

CW1, CW2 fraction

Yield:
CW1=4.4% (w/w)
CW2=2.5% (w/w)

Gel-filtration HPLC
(YMC Pack Diol-60)

CM fraction

Yield: 7.4% (w/w)

Fractionation of by-product of barley shochu.

Table 1. Components of supernatant, ES and EI fractions.

Component Supernatant ES EI
Amino acids (%) Total 45 44 47
Free 12 12 13

Bound 33 32 34

Saccharides (%) Total 37 39 29
Free 19 25 5

Bound 18 14 24

Organic acids (%) 11 12 12
Others (%) 7 5 12

Amino acids were analyzed after being hydrolyzed with 6 N HCI at 110°C for 6 h.

Saccharides were analyzed after being hydrolyzed with 2 N HCI at 95°C for 3.5 h.

%, % (w/w); supernatant, supernatant of by-product of barley shochu; ES, ethanol-soluble fraction of
supernatant; EI, ethanol-insoluble fraction of supernatant.
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Table 2.

Effect of ES and EI fractions on growth of lactic acid bacteria and bifidobacteria in test tubes.

Cell growth (at 560 nm)

Strain

Control ES EI
Le. lactis subsp. lactis NBRC 12007 1.1 0.9 1.4
Lb. fermentum NBRC 3071 0.9 1.1 3.1
Lb. plantarum NBRC 3070 1.2 1.3 4.4
B. bifidum JCM 1254 1.5 1.4 2.3
B. longum JCM 12177 4.6 5.2 6.4

Each fraction was added to the control medium at 1% (w/v) concentration. Control medium for
lactic acid bacteria consisted of 10 g of glucose, 5 g of polypeptone, 5 g of yeast extract, 5 g of NaCl
per { (CMG medium). Control medium for bifidobacteria consisted of 10 g of glucose, 10 g of casein, 5
g of meat extract, 5 g of yeast extract, 10 g of ascorbic acid, 3 g of K2HPO4, 0.5 g of cysteine hydro-
chloride, 1 ml of Tween 80 per [ (bifidobacterium midium). Cell concentration was measured as
absorbance at 560 nm. Culture for lactic acid bacteria was carried out for 24 h at 30 or 37°C with
shaking at 100 strokes per min. Culture for bifidobacteria was carried out for 48 h at 37°C, statically in

anaerobic jar.
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Fig. 2. Dose-dependence and heat stability of growth-stimulat-
ing effect of EI fraction for Lb. fermentum NBRC 3071. The
EI fraction was added to CMG medium at 0.5-2.0% (w/v).
Cell concentration was measured as absorbance at 560 nm.
Lactic acid bacterial cells were cultured in test tubes for 24 h
at 37°C with shaking at 100 strokes/min. Symbols: O, EI
fraction sterilized by autoclaving (110°C, 10 min); @, EI
fraction sterilized by filtration (0.2 um, cellulose acetate).
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Fig. 3.

Fermentation profile of Le. lactis subsp. lactis NBRC 12007 in the presence of EI fraction.

Cells were cultured in a 2/ jar fermentor. The inoculum volume was 5% (v/v). Temperature,
agitation rate and pH were maintained at 30°C, 250 rpm, and 7.0, respectively. Symbols: O,
control; @, the EI fraction was added at 1% (w/v).
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Fig. 4. Gelfiltration HPLC chromatogram of pretreated EI
fraction using Sep-Pak® Plus Cis precolumn. 1, Sample
eluted from Sep-Pak® Plus Cis precolumn using distilled
water; 2, sample eluted from Sep-Pak® Plus C;s precolumn
using 50% methanol. The samples were subjected to gel-
filtration chromatography under the following conditions:
column, YMC-Pack Diol-60; running solution, distilled water;
flow rate, 1.0 ml/min.
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Table 3. Yield and growth-stimulating effect of CW1, CW2 and CM fractions separated from EI
fraction.
Yield Cell growth (at 560 nm)
Sample o -
% (wiw) Lb. fermentum NBRC 3071 B. longum JCM 12177

EI 100 3.5 6.0
CW1 19 2.6 5.0
CwW2 11 2.9 5.1
CM 32 1.2 4.4
Control — 1.0 4.3

EI, CWI1, CW2, and CM fractions were added to the control medium (CMG medium for Lb. fermen-
tum, bifidobacterium medium for B. longum) at 1, 0.19, 0.11, and 0.32% (w/v), respectively. Lb. fermen-
tum cells were cultured in test tubes for 24 h at 37°C with shaking at 100 strokes per min. B. longum
cells were cultured in test tubes for 48 h at 37°C statically in an anaerobic jar.
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Table 4. Components of CW1 and CW2 fractions.

Component CW1 CW2

Saccharides (26) Total 94 88
Glucose 15 42
Xylose 55 31
Arabinose 24 15

Amino acids (26) Total 6 12

Saccharides were analyzed after being hydrolyzed with 2 N
HCl at 95°C for 3.5 h.

Amino acids were analyzed after being hydrolyzed with 6 N
HCl at 110°C for 6 h.

%o, Yo (W/w).
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