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Effect of lactic acid bacteria on fatty acid composition of phospholipids of yeast grown in
kimoto.? Harunixo MizocucHr* and Snopo Hara (General Research Institute of Kiku-
Masamune Sake Brewing Co. Lid., 1-8-6 Uozaki-nishimachi, Higashinada-ku, Kobe, Hyogo
658) Seibutsu-kogaku 72: 167-173, 1994.

The representative starters (yeast-making rice mash) for sake brewing, that is to say
moto, are sokujo-moto and kimoto. For moto making, koji (rice overgrown with Aspergillus
oryzac), steamed rice and well water are mixed in suitable proportions. For sokujo-moto,
lactic acid is added simultaneously to avoid the growth of contaminant bacteria, and sake
yeast cultures are seeded and cultivated under acid pH conditions. In the case of kimoto,
spontaneous fermentation by lactic acid bacteria is utilized for the formation of acid pH
conditions according to the traditional method, followed by inoculation and cultivation of
the sake yeast. These two moto were compared with respect to the fatty acid composition
of the phospholipids (PLs) of sake yeast. The linoleic acid content of cellular PL was 30~
509 in sokujo-moto, whereas it was below 6% in kimoto and the palmitic and/or stearic acid
content of cellular PL was increased. Factors causing the difference between the fatty acid
composition of cellular PL in kimoto and sokujo-moto were investigated. Linoleic acid was a
major component in free fatty acids extractable with petroleum ether : dimethyl ether from
moto mash. However, the multiplication of lactic acid bacteria isolated from kimoto signifi-
cantly reduced the ratio of linoleic acid, and increased that of palmitic acid in free fatty acids.
No striking differences were seen in the composition of the total free fatty acids extracted
with chloroform : methanol. Linoleic acid was found to promote the growth of lactic acid
bacteria isolated from kimoto to a great extent, while palmitic acid was found to be growth
inhibitory. Lactobacillus sake L5 could utilize linoleic acid as a predominant component of
cellular fatty acids, and take up more at a lower incubation temperature. Saccharomyces sake
K-7 could utilize fatty acids in the medium, and added long-chain fatty acids were found to
be a major component of PL, regardless of whether the acid was saturated or unsaturated.
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Table 1. Fatty acid composition of lipids extracted from yeast grown in sokujo-

moto and kimoto.

Fatty acid composition (%)

Moto Lipid
14:0 16:0 16:1 18:0 18:1 18:2
PE NDa 29.1 5.9 14.9 19.5 30.6
. PC ND 23.4 tr. 17.6 20.1 48.4
Sokujo-moto
PI ND 32.9 4.0 18.2 17.0 27.9
TG 3.6 35.0 1.0 6.5 14.7 39.2
PE 7.3 35.2 23.8 15.1 15.1 tr.b
) PC ND 29.5 12.3 32.7 19.9 5.5
Kimoto
PI ND 47.5 13.2 18.7 11.6 5.7
TG ND 55.5 2.2 11.8 21.0 5.8

Fatty acids are denoted by the number of carbon atoms:number of unsaturated
linkages. Abbreviations: PE, phosphatidyl ethanolamine; PC, phosphatidyl choline; PI,

phosphatidyl inositol; TG, triglyceride.

a2 Not detected.
b Trace.
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Table 2. Fatty acid composition of phospholipids extracted from yeast grown on

different fatty acid supplements.
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Fatty acid PL

Fatty acid composition (%)

added 12:0 14:0 14:1 16:0 16:1 18:0 18:1 18:2
PE 3.4 10.6 2.5 28.8  38.9 45 11.4 ND

None PC 4.0 8.6 0.5 35.0 27.3 11.6 13.0 ND
PI 7.3 7.2 1.8 45.1 16.6  19.5 7.0 ND

PE 0.9 1.3 0.2 46.0 435 2.3 5.7 ND

1610 PC 1.3 1.6 0.3 53.7  32.8 4.7 5.5 ND
’ PI 3.5 0.9 0.3 60.8  22.0 8.5 3.9 ND
TG 5.1 2.2 ND 640 16.5 7.7 4.5 ND

PE 1.2 3.8 ND 9.6 3.9 3.0 76.8 ND

8.1 PC 1.5 2.8 tr. 6.6 1.9 2.7 844 ND
' PI 3.2 4.3 tr. 21.7 2.4 7.1  61.3 ND
TG 5.2 3.9 ND 8.7 2.1 6.3 73.8 ND

PE 1.4 5.3 ND  21.1 2.5 3.1 1.1 65.4

8.9 PC 7.8 9.4 0.1 19.1 1.6 9.2 1.9  72.0
’ PI 7.6 6.0 tr. 30.5 1.3 10.3 1.2 43.0
TG 4.9 5.4 tr. 11.4 3.9 8.2 3.0  63.2

Cultures were incubated in GPY medium supplemented with 0.1% polyoxyethelene (20)
cetyl ether, and 0.5 mM fatty acid until they reached the early stationary phase. Refer to Table

1 for abbreviations.
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Table 3. Composition of free fatty acids extracted from moto.
Fatty acid composition
Solvent for extraction Moto
14:0 16:0 18:0 18:1 18:2 18:3 Total
Kimoto  (mg) 0.11 206 0.06 005 0.09 ND 247
Petrol her : Ether (2 1 (%) 43 874 26 2.1 3.5 -
etroleum ether : Bther (2:1) ¢ - oo (mg) 0.06 033 008 0.4 054 002 112
(%) 54 301 25 129 478 14
Kimoto  (mg) 0.23 345 027 1.16 225 0.07 7.43
Chlorof Methanol (1 -1 %) 3.1 466 3.6 6.1 29.8 0.8
oroform : Methanol (1:1) ¢ - moto (mg) 0.17 3.2 017 081 3.1 010 6.47
%) 26 331 2.6 13.0 473 1.5

Thirty grams of moto were lyophilized, and lipids were extracted with 60 ml of solvent for 2 min twice. Fatty
acid fractions on a silica gel plate by TL.C were extracted with chloroform : methanol (1 : 1).
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Fig. 1. Thin-layer chromatograms of lipids obtained
from moromi mash. Moromi mash with no cultiva-
tion (1), and with the cultivation of Leuconostoc
mesenterotdes 174 (2) or Lactobacillus sake L5 (3)
were used for the extraction of lipids. Lipids were
extracted with petroleum ether: ether (2:1) from
lyophilized morom: mash. Abbreviations: FFA, free
fatty acid; DG, diglyceride; MG, monogliceride.
Other abbreviations are the same as in Table 1.
Solvent systems: (I), Petroleum ether : Ether : Acetic
acid (85 : 15 : 1); (II), Chloroform : Methanol : Acetic
acid : HyO (85:15:10: 4).
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Table 4. Composition of free fatty acids in morom: mash.
Fatty acid composition
Solvent for extraction Inoculum
12:0 14:0 16:0 18:0 18:1 18:2 Total
no (mg) ND 0.039 0.594 0.049 0.206 0.345 1.233
(%) — 3.2 48.2 4.0 16.6 28.0
L74 (mg) ND 0.067 2.145 0.485 0.074 0.065 2.848
Petroleum ether : Ether (2: 1) o
(%) — 2.4 75.3  17.0 2.6 2.3
L5 (mg) ND 0.082 2.511 0.418 0.086 0.069 3.171
(%) — 26 792 13.2 2.7 2.2
no (mg) 0.217 0.064 5.681 0.477 1.515 5.272 13.767
(%) 16 44 413 35 11.0 383
L74 (mg) 0.195 0.659 7.285 0.721 1.870 5.034 15.768
Chloroform : Methanol (1 : 1) o
%) 1.2 4.2 46.2 4.6 11.9 320
L5 (mg) 0.205 0.704 8.348 0.817 2.155 5.948 17.177
%) 1.1 3.9 45.9 4.5 12.0 32.7

Each moromi mash was prepared by saccharizing a mixture composed of steamed rice (14 g), rice koji (6 g),
and tap water (29 ml) at 57°C for 14 h, and inoculated with one loopful of Lactobacillus sake L5, or Leuconostoc
mesenteroides L74. Cultures were incubated at 15°C for 1 week.

REIFPERS BRI Cyy., B TH - 7. 7£ 3, Uchida,
Mogi % Lactobacillus J& DEBIEFBC R X33
Cip.; BOKEAD, VA=A~ VBTHDHI LY
WELTB.0107, )/ —VEERRINLICEEHT
AH LCABEEACIS VT, V2 —ABAEER
REFPERFMI s » Tinte. Fho, HEEEE 15°C T
13, 30°C DBRBHNT, V /-1 BOBEEIEIE
RIS B EERNI LKL, H10% Lot &
DROEBREATOIIBMERL, V) —1BEEE
TECEETAE LB T3 2.1 mg/100mg TH 5B D

XL, Vo — AR LIS TR L& T
112.3mg/100mg &7 Y, FIERMEDOEERLE. &
RHDOFEEND, AMERY 7 — A EBER DAL, B
HEENEEE LTFIB LTS D EEZ SR,
ABBEOLEFICRET Y /—LBOHRE T
BRRFERCIY, *vA VO X S ICHEEOA T ICEE
BB bk, BBENCB 30DIB T LLDL
RTW3.190.5mM BB Y &1 GPY E5iC k1T 5,
15°C TOHME OHEBERE R Y Fig. 2 =T, £Eir
LABEI N ICFLEREE L5 Bk, L74 Bk W TFhiTs\WT

Table 5. Effect of linoleic acid on cellular fatty acid composition of Lactobacillus sake L5.
Temp. Addition of Fatty acid composition (%)
(°C) 18:2 14: 0 14:1 16: 0 16: 1 18: 0 18: 1 18:2 19-cy*
30 - 0.6 ND 45.0 3.4 6.2 34.3 ND 10.5
+ 1.4 0.4 24.2 3.1 1.0 22.4 41.6 5.8
- 0.7 ND® 31.6 6.6 2.8 54.7 ND 3.5
5 (16.8)° (720.6) (15.1) (66.2) (1214.6)
+ 1.5 0.5 12.0 3.2 1.2 12.4 69.2 ND
(35.9) (12.1) (276.3) (73.3) (27.6) (277.9)  (1636.1)

Strain L5 was inoculated 1: 1000 from fresh cultures of growth medium into 500 ml of k¢ji extract (Brix 5)
supplemented with 0.5 mM linoleic acid and/or 1% peptone plus 0.19% deffated albumin. When the stationary phase
of growth was attained, cultures were harvested by centrifugation at 18,000 g for 20 m, followed by washing twice
in 500 ml of 0.85% NaCl aq. and once in petroleum ether-diethylether (1 : 1).

2 cy denotes cyclopropane acid.

b Not detected.

¢ The values in parentheses indicate the content of each fatty acid (¢#g/100 mg dry weight).
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Fig. 2. Effects of various fatty acids on the growth of
lactic acid bacteria isolated from kimoto. Leuconostoc
mesenteroides 174 (A), or Lactobacillus sake L5 (B)
was inoculated in a dilution of 1: 1000 from fresh
cultures of growth medium into 50ml of GYP
medium supplemented with 0.1% polyoxyethylene
(20) cetyl ether, and 0.5 mM fatty acid (palmitic
acid (@), oleic acid (&), linoleic acid (V), or no addi-
tion (O)), followed by incubation at 15°C for as
long as 1 week.
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