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Stimulating Effects of Green Laver and Sea Lettuce on
Acid Production by Lactic Acid Bacteria

Akimasa NAKASHIMA

Fukuoka Women’s Junior College, Dazaifu 818-01

An aqueous extract of green laver (Enteromorpha sp.) added to skim milk stimulated the acid
produced by Lactobacillus casei YIT-9018 to as high a level as that of chlorella.

The active component in the extract for stimulating this acid production was studied. The factor
stimulating acid production was fractionated by gel filtration with G-50 and G-15, and by
chromatography with Dowex 50 and Dowex 1. The fraction containing stimulating activity was
separated from the sugar, amino acid and peptide fractions, as well as most of the nucleic acid
derivatives.

Since most of the stimulating activity still remained after ashing, and the level of activity was
proportional to the amount of Mn in the ashed fraction, it was concluded that Mn was the component
responsible for the stimulating effect on acid production of green laver. An organic substance, not Mn,
seemed to be involved in the stimulating activity with L. casei subsp. casei S-1.

The effect of the extract from sea lettuce (Ulva sp.) was to stimulate acid production even more than
that by green laver, the Mn content of sea lettuce also being greater than that of green laver.

Aqueous extracts from the two algae considerably stimulated the acid produced by L. delbrueckii
subsp. bulgaricus B-bb, L. acidophilus 1.-54, L. casei subsp. casei L-14, L. paracasei subsp. paracasei
IFO-3533, and L. paracasei subsp. paracasei S-2, but significantly inhibited it with L. helveticus B-1 and L.
delbrueckii subsp. bulgaricus IFO-13953.

However, neither extract had much effect on the acid production by Lactococcus lactis subsp. lactis
527, Lactococcus lactis subsp. cremoris H-61, or Streptococcus salivarius subsp. thermophilus 510.

(Received May 30, 1996)
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Lactobacillus casei YIT-9018 ({tH#R) (¥ 7 b A&
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helveticus B-1, Lactobacillus acidophilus L-54, Lactoba-
cillus delbrueckii subsp. bulgaricus B-5b, Lactobacillus
casei subsp. casei 1-14, Lactococcus lactis subsp. lactis
527, Lactococcus lactis subsp. cremoris H-61, St-
reptococcus salivarius subsp. thermophilus 510, FEFEHF
FERT SR8 @ Lactobacillus paracasei subsp. paracasei
IFO-3533, Lactobacillus delbrueckii subsp. bulgaricus
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Fig. 1. Stimulating effects of aqueous extracts of various

algae on the acid produced by Lactobacillus casei
YIT-9018 in skim milk

To 10 ml of an aqueous extract of each alga equivalent to
2 % raw material, 10ml of skim milk* was added and
thoroughly mixed. This medium was autoclaved for 20 min
at 120C, and 0.2 ml of a preculture of Lactobacillus casei
YIT-9018 was then inoculated. After incubating for 72 h at
30T, the amount of the acid thus formed was evaluated by
titrating with 0.1 N NaOH, and is expressed as the amount
(g/100 ml) converted to a lactic acid equivalent. * Skim
milk: 16 g of dried skim milk and 4g of glucose were
dissolved in 100 ml of distilled water (pH 6.8).
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Fig. 2. Effect of concentration of the green laver aqueous
extract on the acid produced by L. casei YIT-9018

The main experimental procedures were the same as those
described in Fig. 1, excepting incubation at 37°C. The inset
graph shows the logarithmic relationship between the
concentration of the aqueous extract of green laver and
the amount of lactic acid formed by L. casei YIT-9018 in
skim milk.
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Fig. 3. Effect of incubation period with the green
laver aqueous extract on the acid produced
by L. casei YIT-9018 and two other lactic
acid bacteria

The main experimental procedures were the same as

those described in Fig. 1. A: L. casei YIT-9018 at 37C. B:

L. casei subsp. casei S-1 at 37°C. C: L. paracasei subsp.

paracasei S-2 at 37°C. O, control (no addition); @, addition

of the aqueous extract of green laver.
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Fig. 4. Gel filtration profiles of the aqueous extract
of green laver through Sephadex G-50 and
G-15
Twenty milliliters of a 2% aqueous extract of green laver
was applied to a column (2.6 X 28 cm) of Sephadex G-50
or G-15. Elution was carried out with distilled water. Sugar
in the effluent was determined by the modified anthrone
method, amino acid and peptide by the ninhydrin method,
and nucleic acid derivatives by their absorbance at 260
nm. Two milliliters of each fraction was mixed with 2 ml of
skim milk and then autoclaved. A preculture?’ of L. casei
YIT-9018 was inoculated into the autoclaved sample, and
the culture incubated for 72 h at 37°C. @, amount of lactic
acid formed; O, absorbance at 620 nm (sugar); A,
absorbance at 570 nm (amino acid and peptide); O,
absorbance at 260 nm (nucleic acid derivatives). Vg : void
volume peak.
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Table 1. Effects of Dowex 50 (Na*) and Dowex 1 (Cl™) treatments of the aqueous extract of
green laver on the acid produced by L. casei YIT-9018, and on the adsorption of sugar,
amino acid and peptide, and nucleic acid derivatives

Lactic acid Amino acid Nucleic acid

formed (g/100 ral) Sugar and peptide derivatives
Control 0.41
Aqueous extract of green laver 0.81 +++++ +++++ +++++
Basic fraction eluted with 2 M NaCl 0.87 - + +
Basic fraction eluted with 4 M NaCl 0.78 — + +
Acidic fraction eluted with 2 m NaCl 0.40 — to % + ++
Acidic fraction eluted with 4 m NaCl 0.41 - + +
Neutral fraction 0.48 +++++ +++ + +

One hundred milliliters of a 2% aqueous extract of green laver was passed through columns (1.8X 20
cm) of Dowex 50-X8 (Na*) and Dowex 1-X8 (Cl 7). The effluent eluted from each resin was the neutral
fraction. The basic fraction adsorbed to Dowex 50-X8 (Na*) was eluted with 2 M NaCl and 4 M NaCl, and
the acidic fraction adsorbed to Dowex 1-X8 (Cl~ ) was eluted with 2M NaCl and 4M NaCl. The
concentration of NaCl in the incubated skim milk was adjusted to 0.5 M. The amount of the green laver
extract or each fraction added to the skim milk was equivalent to 0.25% raw material. The sugar, amino
acid and peptide, and nucleic acid derivatives were determined as shown in the legend to Fig. 4. The
intensity of absorbance at 620 (sugar), 570 (amino acid and peptide) and 260 nm (nucleic acid
" derivatives) is rated in decreasing order as +, + and —.
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Fig. 5. Ion-exchange chromatography of the aque-

ous extract of green laver on Dowex 50-X 8

(Na*)
One hundred milliliters of a 2% aqueous extract of green
laver was passed through a Dowex 50-X 8 (Na™) column
(1.1 X21 cm). Elution was carried out with 1 or 2 M NaCl.
The effluent was analyzed for amino acid and peptide.
The effluent was incubated with L. casei YIT-9018 by the
procedure described in Fig. 4. @, amount of lactic acid
formed; A, absorbance at 570 nm (amino acid and
peptide).
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Effects of aqueous extracts of green laver
and sea lettuce, their ash, and Mn corre-
sponding to the Mn content in the ash on
the acid produced by L. casei YIT-9018 and
L. casei subsp. casei S-1

Amount of lactic acid formed (g/100 ml)
e
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Fig. 6.

An amount of the aqueous extract equivalent to 1% raw
material, its ash and Mn corresponding to the Mn content
in the ash was added to skim milk. Each test medium was
incubated for 48 h at 37°C. Mn was added as MnCls.
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Fig. 7. Effect of the aqueous extracts of green laver
and sea lettuce and their ash on the acid
produced by lactic acid bacteria
Mn was supplemented to the medium by adding the ash of
extracts from 8 samples.
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Fig. 8. Relationship between the Mn content in the

aqueous extract of green laver and sea
lettuce or their ash and the amount of lactic
acid formed by lactic acid bacteria

Values for Mn concentration in the skim milk by adding
the ash from extracts of 8 samples and the amounts of
lactic acid formed follow the data shown in Fig. 7.

7. AL T, Mn 2 SBRARE & OHEHENZ
ERTREEINDDS, AKEEROBED Y =0.97, 0.96
EFENFNOMBIIEA - 72, $FIZ, L casei subsp.
casei S-1 DA, Mn KM EF OBRE AR EWE
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T OB EMOEROEZ bNDBLS, FHRL LT
WHE D H o 7.

(4) MBOFLBRE DBRERICRIZTTA ), T4

DEYF

Z Z%T, L casei YIT-9018, L. casei subsp. casei
S LTTA /), TAHIELCEREREER
REeb O RHEL, 2OREKEBEFRLTE/. L
»L, TH /Y, TAYPMEOIEEE OB R
RNRBHDLNE D) oL,

Z 2T, BARILEBMBRTER 7 & BEEIIZERT
W (IFOW) 2HICRIZTTA /), THHOE
BIZOoOWTHRE L. $hby, 7479, 744K
MR LR ARKE LTO0.5% Bk 58 CTHIE
WIRIL, SEABMErREREEL, PriE0E
FREREZEE L7z, B (ERm £100 &Lk
& DfEi% Table 2 IR L7z, %#3B, L casei YIT-9018,
L. casei subsp. casei S-1 |[ZDWTHhRL 7.

T4 /), 7 Wik Lactobacillus @ 6 EEEIZE LW
PR RARERN R A N L7245, 2ERICH L Tidhi b
BRAEMR ZHZEL /. ¥ 7, Lactococcus O 2 B ¥k,
Streptococcus O 1 WHRIZII K EWEE 25X Lo,
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Table 2. Effects of aqueous extracts of green laver and sea lettuce on the acid produced by

lactic acid bacteria in skim milk

Stimulation rate for

Strain Culture acid production
conditions
Green laver Sea lettuce
Control 100 100
Lactobacillus casei YIT-9018 37C, 48h 197 227
Lactobacillus casei subsp. casei S-1 37C, 48h 414 514
Lactobacillus helveticus B-1 37C, 36h 22 25
Lactobacillus delbrueckii subsp. bulgaricus B-5b 37C, 36h 174 201
Lactobacillus delbrueckii subsp. bulgaricus TF0-13953 37C, 36h 57 29
Lactobacillus acidophilus 1.-54 37C, 36h 152 184
Lactobacillus casei subsp. casei L-14 30C, 72h 423 525
Lactobacillus paracasei subsp. paracasei IFO-3533 37C, 48h 231 294
Lactococcus lactis subsp. lactis 527 30C, 24h 95 93
Lactococcus lactis subsp. cremoris H-61 30C, 24h 85 97
Streptococcus salivarius subsp. thermophilus 510 37C, 24h 98 112

The main experimental procedures were the same as those described in Fig. 1, apart from the addition
of a 0.5% aqueous extract of each alga. The stimulation rate for acid production is quoted as lactic acid

equivalent compared with that for the control.
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L2L, EBiICZ 0L I otido Mn &%
KO THRBRER R LT LB, Zielke 5O
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R TFRALADKBHBEDOIBEREIRENR LR
LB, AHEERTPOMn 2EEL TV,
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