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Changes of lipids during saké brewing and their contribution to ester formation by
yeast—Monograph— KivosHt YosHizawa and Takeaki Ismikawa (National
Research Institute of Brewing, 2-6-30 Takinogawa, Kita-ku, Tokyo 114, Japan) Hakko-
kogaku 63: 161-173. 1985.

Rice is the principal raw material of saké, and its quality largely affects saké
manufacturing; peripheral layers of brown rice grain contain large amounts of lipids
which are considered to be undesirable for saké quality, but the details are not clearly
elucidated.

In saké brewing, rice is polished before use, one of the main purposes of the process
is to remove the undesirable lipids. Although content of ether extractable lipid (I),
mainly triglyceride (TG), decreases most rapidly with decrease of polishing ratio,
content of fat by hydrolysis (II), main component of polished rice lipids, remains nearly
constant, 0.69%. Palmitic (C16:0), oleic (C18:1) and linoleic acid (Ci8:2) are the main
fatty acids components of I, and the ratio of the total amounts of saturated fatty acids
(SFA) to those of unsaturated ones (S/U) shows a tendency to increase with decrease
of the polishing ratio; the tendency is especially remarkable in TG fraction. In II, Cis:0
is predominant and a little change is observed on the composition of fatty acids with the
polishing ratio.

During steaming process, TG of I decreases to 30-50%, of the original amount. The
free fatty acids (FFA) produced by hydrolysis of glycerides evaporate successively with
steam during the process, particularly a large amounts of unsaturated fatty acids (UFA)
are removed, and consequently the value of S/U increases. It is also proved that stimu-
lative hydrolysis of glycerides by steeping of rice in lipase solution causes removal of more
greater amounts of UFA. Rice-koji for saké brewing contains 0.31 to 0.56% of I and
0.53 to 0.67% of II. TG, FFA and monoglycerides (MG) are the main components
of I, and fatty acids of these lipids are rich in UFA such as C18:2 and Ci8:1. The ratio of
UFA in I changes with the rice-koji making conditions such as aeration and temperature
progress. Aeration has the greater effect. Rice-koji preparation under limited aeration
causes a marked decrease in the production of Cig:2 with a corresponding increase of
Cug:1.

As the fermentation of saké mash proceed, steamed rice and rice-kgji are digested
and solid fraction in mash decreased, and about 589, of II in raw materials becomes
extractable with ether. Because of low solubility of lipid in water, a large proportion
of lipids remains in the decreasing solid fraction. A small amount of lipid is liberated
in liquid fraction (liberated lipid: III), which increases according to the increase of alco-
hol concentration in mash and reaches about 500 ppm of the liquid fraction at the final
stage of fermentation. Main components of III and I of the solid fraction are FFA,
TG and ethyl esters of fatty acids (EtOR).

II of solid fraction is mostly consisted of FFA.

Since EtOR is not found in raw materials, it seems to be formed by yeast during
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fermentation. Each fraction of FFA, TG and EtOR is shown to have characteristically
different fatty acid composition, respectively. The value of S/U increases during
Since it is shown that the yeast cultured under the alcoholic fermentation
condition synthesizes a large quantity of stearic acid (Ci8:0), most of this acid found
in III is considered to be formed by yeast during the fermentation.

The formation of esters such as ethyl acetate (EtOAc) and isoamyl acetate
({AmOAc) found in a medium are highly dependent on the fatty acid composition;
SFA and their derivatives added to the medium promote the formation of the esters by
various yeast strains, while UFA and their derivatives strongly supress their formation.
These effects of fatty acid on the formation of esters have been proved by many pilot
plants and full scale saké brewings. These esters largely contribute the excellent flavor
of saké and a saké rich in these esters is usually prefered as a good saké in many sensory
contests.

The fatty acid added to the medium is intactly incorporated into yeast cellular
lipids such as TG and phosphatidylcholine (PC), even though some of them does not
originally exist in saké yeast Kyokai no. 7 cells. It is, therefore, considered that fatty
acid composition of the yeast cellular lipids remarkably differs with the kind of fatty
acid added to the medium, but presumably within the physiological tolerance of the cells.
As well known, PC is one of the major components of biomembrane lipids.

Physical and chemical properties of diacyl groups or fatty acid composition of the
lipids play a crucial role in the function of biomembrane.

fermentation.

The synthesis of acetic-esters
in yeast cell occures via alcoholysis of acetyl-CoA catalyzed with Acetyl-CoA: alcohol
acetyltransferase (AATFase).

The maximum activity of AATFasc appears at the late stage of exponential growth
phase. The enzyme preparation having high specific activity is predominantly associ-
ated with a microsomal fraction, and the activity is maximum at pH 6.6 and 30°C. Of
alcohol tested, the enzyme exhibits the highest activity to Cs alcohol, and 16%} and
30% of the activity to isoamyl alcohol are found in ethanol and isobutanol respectively.
Treatment of microsomes with ether, phospholipase A, or lipase causes decrease
in AATFase activity. The deactivated preparations are partially restored their acetic-
ester synthesizing activity by addition of lecithin or Cis:0, while Ci8:2 is not effective
or strongly inhibits the activity.

From the facts described above, it may be presumed that the formation of esters by
saké yeast is affected by the inhibition of AATFase bound to cell membranes with UFA
and the changes of permeability of the esters through cell membranes which depends
largely on the kind of fatty acyl chains or fatty acid composition of membrane lipids.
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Fig. 1. Cross-sectional view of rice grain.
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The layer removed by polishing—The layer I is removed at 75% polishing ratio; 1

and II are at 60-509%,.

Polishing ratio (%) is defined as the weight percent of polished rice obtained from a lot

of brown rice.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

164 TR WAl H#EE BEETY X3k
3 - @ =
2r £ 5t
3l 2
~E 5: tﬁHHr4_@ i15ﬁi3¥x%r+fkﬂ~kﬁff
E) 4 I % X W&Q
o LTJ T ——a A____.___A\‘_‘_‘,Ctb:l
o -2f . 0 15 30 45 60
a Steaming time (min)
4- 01 - ) 0:0\. Fig. 4. Evaporation of fatty acid by steaming of rice.
06+ \ Se...
04 ]
S S TERD O FFE LTV REIRESE (FFA) MSEXKE%:
c$ 9080 70 60 50 € A b .
g‘_ POllShlng ratio (olo) J:GC@&,—ZK%ﬁ& EHICHERT S, JeiEBEOERII,
= Fig. 4 IORT & 5 IC SR &0 BB &K T,

Fig. 2. Changes of lipid concn. of rice by polishing.
@, ether extractable lipid; O, fat by hydrolysis.
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Fig. 3. Changes of fatty acid composition in ether
extractable lipid of polished rice.
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Table 1. Fatty acid composition of rice-40;7 for saké brewing.

Type of  Sample Fatty acid composition (%)

rice-koji* no. Cu:0** Ci6:0 Ciso Cigr Cigz Cigs Coono Sf U
1 1.3 27.1 1.2 17.7 51.0 1.6 0.2 0.42
2 1.5 27.7 0.5 16.5 52,1 1.5 0.2 0. 43
I 3 1.4 28. 8 0.9 145 52.7 1.4 0.2 0, 46
4 1.7 28.1 0.6 17.4 50.9 1.1 0.2 0. 44
5 1.5 29.6 0.4 18.3 49.4 0.7 0.1 0. 46
6 1.2 22.6 2.4 26,8 457 1.2 0.1 0. 36
o 7 1.8 29.7 2.7 3.2 289 1.7 0.1 0. 52

8 0.9 251 0.3 30.5 422 0.9 0.1 0.36

* Type I: Rice-kos7 with less than 2095 oleic acid in total fatty acids. Type II:
Rice-£oj7 with more than 209 oleic acid in total fatty acids.
** Cu:0: myristic, C16:0: palmitic, C18:0: stearic, Ci8:1: oleic, C18:2: linoleic, Ci8:3:
linolenic, and C20:0: arachidic acid.
*** G/ U=(amount of saturated fatty acids)/(amount of unsaturated fatty acids).

Table 2. Properties of rice-£osz prepared under various controlled temperature.

Max. Mycelial . Amylase Acid Lipid Fatty acid (%)

temp. wt. Di° protease conca. S|
(°C) (mg/g) 30 [PUT, ® (%) Cie:o  Cig1 Cisz  Ciss
25 17. 4 90 0.74 0,21 20,2 18.3 52.8 4.4 0. 32
30 19.7 122 0. 68 0,25 21,5 13.1 59.5 2.0 0.34
35 18.1 139 0. 46 0.24 26.0 13.4 57.8 + 0. 40
40 17.7 141 0. 46 0.26 30.1 20,9 459 + 0. 49

BIB R M E I BRERDEE 30K E T18% LU L (Aerobic) LFEEID & 6 BFRIX

1) REFZA SEMPOREEE%RL 25~40°C & THIREIZ L, DBROBKRE % 5 BLUT (semi aerobic)
UCHIEE U7k OREMHE & 10 JRAGEEMRRE Table L THE KO ERE & X732 AR %
2 RIS, BEREEZEL E-DDIZE Ciso O Table 3. {7z 48, Ci8:1 |3 semi aerobic 73T T
EERMSEL, —F Cies GRESBAL, HRELT  26~29.7% & aerobic THRATD b DICEH~NTHERN
S/U BEEBEEOENDDIREEEICIES. LD EL1L5.—5, Cis2 8L U C18:3D polyene

2) BEEE HBRThOBRBES15~21%, B B3 acrobic WRXHTTEL LA . BB UFA KK

Table 3. Properties of rice-kg;Z prepared under aerated and aeration-limited conditions.

. Mycelial . Acid Lipid Fatty acid (%)
Ae?itéon* wt. * Agﬁg} ase protease concen. S|
condition (mg/g) 30 [PUI R (%) Ci:o  Cir Cisz  Cis3
{ 1 8.0 47 0.42 0.10 3.3 26,0 39.9 0.4 0,51
N 2 18,2 85 0. 66 0.16 28.3 29,7 39.1 0.4 0.44
b { 1 11,9 71 0. 52 0.15 30.7 15,2 511 0.8 0. 49
2 19.2 122 0. 67 0.21 3.1 16. 4 49, 4 1.1 0. 49

* a: Aeration limited condition; after the first 6 h of aerated cultivation, the oxygen concn. in the cul-
tivation vessel was controlled below 5% by mixing nitrogen gas with air.

b: Aeration condition; culture was aerated with about 200 ml/min of humidified air throughout the
rice-ko77 making.
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Fig. 5. Changes of lipids during enzymatic digestion

of steamed rice.

O, fat by hydrolysis; A, ether ext. lipid; @,

liberated lipid.

* The solid, obtained by filtration of se4é mash.
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Table 4. Amount of lipids in the raw materials and the liquid and solid
fractions at the last stage (24th day) of the mash.

Fraction ,__S_OJIEI___\ Liquid Total
lipid* 1 i (mg)

(mg) (mg) (M8
R terial { Steamed rice 52 511 — 563
aw matenals | Rice-koji** 69 126 — 195
Total 121 637 —_ 758
Mash on the 24th day 396 268 115 779

* Lipid I: ether ext. lipid II: fat-by-hydrolysis, III: liberated lipid.
** The ratio of rice-£os7 to total raw rice was 23%5.
Amount of raw rice was converted to 100 g total, then total volume of mash
was 230 ml. Solid fraction in the last stage (the 24th day) of the mash was
9.9 g and the ratio of liguid fraction to total mash volume was 71.7 9.

DHEIBELIEA L, Cieo ExF7T7 ) B (Cleo) 238 U C:2 P, BELAHAOXIBEHREICE
g 3. Andreasen & Stier'” REKHIRETT S F2EEA UFA O R#HESICE RS RBFIE & 08
cerevisiae DSERET B7ciTid, Ci1p Ci2 Z4H  BHINTHE. —F, Cio OHMIIERICK 54K
HICERT B EHELTEY, bAHKBOVTEREN LEIohs. Cwo BEUKDKBTIINEIEEMAR
CNLEBIRMICED DD EHEEINS DS, KRIC DR 1B ELITND, BEER B85 K-7) %
BBRNB &S ICRERTROBREKICIE Cen Bk EEEZESITVRGKEMT 30°C, 70/, REERAE

Table 5. Fatty acid composition of saké yeast (S. cerevisiae, Kyokai 7) cell.

Fatty acid
Lipid*
14:0 16:0 18:0 18:1 18:2 18:3
I 1.2 27.9 21.2 49,7 — —
i 0.6 28.8 18.3 52,3 — —_

* 1ipid I: ether extractable lipid, II: chloroform-methanol (2 :1)
mixture extracted lipid after removal of I.
Yeast cell: Grown under the alcoholic fermentation condition on
lipid free synthetic liquid medium at 30°C, for 7 days. Cs:0, Ci10:0,
C12:0 and Ci6:1 acids were also detected.

Table 6. The composition (95) and amount (mg)* of the fatty acid in the lipids of solid fraction
(the 22nd day).

Fatty acid

Lipid 14:0 16:0 18:0 18:1 18:2 18:3 s Total

% mg % mg % mg % mg % mg % mg me

Ether ext- TG 2.9 3.825.6 33.3 3.6 4.7 11.5 14,9557 72.4 0.7 0.9 0,47 130.0

oot l:blexli d {EtOR 3.1 26425 353 4.7 3.611.0 9.138,7 321 — tr* 101 83.0

actable ipids | ppA 30 5074.2124.7 4.2 7.1 45 7.6141 23.7 — tr 438 1681
Fat-by-

hydrolysis FFA 3.5 83456 108.1 6.6 15.6 153 36.329,1 689 — ¢ 1.25 237.2

Total 19.7 301, 4 3L.3 67.9 197.1 0.9 618.3

* Amount of fatty acid in solid fraction of mash made of 100 g rice. ** tr: trace.
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Table 7. The composition (95) and amount (mg)* of fatty acid of the liberated lipid
(the 24th day). :
Fatty acid

Lipid 14:0 16:0 18,:0 18A:1 18:2 18:3 Total Sy

% mg % mg 9% mg % mg 9% mg % mg 8
TG 1.7 0.6 259 99 67 2.6 25.8 9.8 37.514.3 2510 38.2 0,52
EtOR 2.7 0.5 50,5 9.3 32.6 6.0 49 0.9 9.2 17 0.1002 18. 42 6. 04
FFA 1.0 0.6 75.645.2 22,6 13,5 0.9 0.5 — 0.0 — 0.0 59, 8 112, 64
Total 1.7 64. 4 22.1 11.2 16,0 1,02 116.7

* Amount of fatty acid in liquid fraction of mash made of 100 g rice.

were also detected.

BEIT o7& & DEEIBIEEMERIT Table 5 ITRT &
Hic Cis:0 D3#20% &<, BXIER IS Ci2 1T
ALl BBINTEV. A BICEFB TG, EIOR BLU
FFA Ofgpimkiz Table6 & 7 CRT LT, £
NENVRRNTDH 5.

7, BEEREDO EtOR B XU FFA itkid3
Cig:o DLRIIEFOIREICHER LTIZZ DICE.
AL TERICE DEHICARENS EtOR DJsisEs
By HBICBY 2 EELEOEELERB LISV
&3, BRICX2ERIEHED = F 0 2 F LRI
PIEFBRECLOBREERE LTS D LEEIN
5.

7. BRCKPBHMOIEHROEO CHEFA

FIRTERIC X 2 RIS BEOB|RAE D T AHichnic
B, BELAHDL D ICEBEHRBEABTRGTT
B UFAZXOESED . ~F27H VB (Cino)
& Cs2 i3, K-7 08P S5£BRHINIEVWFA T
H B D3, Table8 iRt L S5ic K-7 s S Cino
P C2 %D H, TG PEROFE phl TH 5 &
27 7F U3y v (PC) O diacyl £EBRT 3 Isly
BEUTHRL,® 20812 Cino MSEikEEY 1g X4
72O #g 6mg, Cis:2 [343EA & LT albumin Zfu7ic
#4A 8.3mg, Triton X-100 iz 15.8mg €73 h

Cs:0, C10:0, C12:0 and Ci6:1 acids

FA OBEADL LD T HABDI0~45%H PC it & b
ZENBC LiTiEs. “C T~ Cieo Cis1l %
BOAEBOEERDIT-7088, #EHRIT Table9 |TRT
Lot Cimo BLU Ciz DEAELIBAKETH D, Bk
D “C FH 5, exogenous FA OEERIBEAANTOD
BEEALTIS EiT & B H ~ D R 25°C, 20B5R0
HEBICRD 2L L5010, F/, “C-FA OHist
REEMBEEAEEBNC LS, PCrEhZEhS
FA & LT, exogenous FA OFIFEZRIZIZIZI009%TH
D, BKICEDZAK FA @D de novo SRITFESIC
PHINTNB EEZ 50 5B. Meyer & Schweizer!?
13, EERRDS exogenous FA [T X »T CH: $4® elonga-
tion %, F7c UFA DA, £ desaturation %#J
Hl9 5 &tk »T de novo 5% §%8 L, exogenous
FA ZRGIBEICFIBE T2 E2HELTWS. 1,
Kamiryo & Numa?® {3, CH. $4® elongation |3
acyl-CoA itk % acetyl-CoA carboxylase ~(D nega-
tive feed back itk 3L LT3, K-7 DA b,
o DL LAk, exogenous C18:2 jc k3 Cuy,
Cie:1 BXU Ci8:1 D de novo ARDE L { PHEX 1,
FRFIChEEBETH B C12:0 D de novo SER D DT H
HlEha o BRSNS,

PYEDX ST, exogenous FA itk »T, EBERFEK
REE Dl BEMEER, BICARBEOTERE THS PC

Table 8. Fatty acid composition of phosphatidylcholine.

FA

added Ciz:0 Cu4:0 Cis:0 Ci6:1 Cit:0 Cis:0 Ci8:1 Cis:2 S|U
Cim:0 2.1 9.8 281 14.6 22,4 7.7 13. 4 0 2,50
Cis:2 11,3 7.5 27.8 8.3 0 8.9 6.8 29, 4 1.25

A little amount of Ci2:2, C17:1, C20:0 was also detected.
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Table 9. Distribution of radioactivity (I) and cellular fatty acid composition (II) of K-7
grown on a medium to which palmitic acid-*4C or oleic acid-**C was added.

FA

added Ci20  Cuco Cie:0 Cie:1 Ci7:0 Cis:0 Cis:1 Ci8:2 S|U
Ci6o [ I 0.8 94,5 0.1 — 4.6 — —

o 17.8 7.2 35,6 23.4 0 10.2 5.9 0 2.42
Cret [ I 0.6 0.1 0.3 — 0 99.1 —

o 1.0 85 22,7 7.1 0 4.1 46,1 0 0. 86

Distribution and composition are shown in %5. The amounts of cellular fatty acids
were 18.4 mg (C16:0 ) and 22.8 mg (C18:1) per gram of dry yeast cells, respectively.

D diacyl ZEDMKAS, BKIT & » THREHTS damage
ERGEOHEEATENT I LItk - T, BEREKD
HEBREELEATEIDEEDbNS.

8. HEEBOBSTIXAFIVERICRIZTISHEEORE

R (CFRAN U BERAEE O B2 8827 Glucose & cas-
amino A2 ZNEN C, N IR & 7 5K /ADE#IC Triton
X-100 F 7z 2 Btfg albumin ZEFE LT L Dl
B E, K-7Tick - TREI RS &, BEE L 8~
2.0x108 /ml)y x4/~ (EtOH), 1 VT I NT IV
3 — v (FAmOH) DAERKITIZARENLZWVIT S hdbh 5
9T, Bz 7 v (EtOAc) XEeEEA V7 I (FAmO
Ac) DA Fig 6 o779 & 5 i Cie:0 HinEcid

[
E * E2.0¢ \
10} \_a
a a \
5 V15
g7 7
S s8r 2
& ;:5"0” TN
——l—~l—._1_x _—g—lﬁ__‘_
?160' o/"';
8 o 3O /7/;9
Z140f e /
€ N (@]
< = L
120} L
L 1
2 3 4 2 3 4

Incubation time (Days)

Fig. 6. Changes of the amounts of the formed esters
and alcohols in the fatty acid added medium dur-
ing fermentation.

O, basal medium containing 0.12%, albumin; @,
0.5 mM Ci8:0, x, 0.5 mM Cis:1.
;(s-;]c(inoculum size 1.2 X 10/ml) was incubated at

REEE N, —5 Cisr BEHTRELLMEIZNS. C
DEEILFA 0 1mM THHEN, Fig TITRT LI,
0.5mM 3 THIMEBEICH > TERBRADELKES.
¥iz, TFAH S vE (EtOCap) DAERIC & ERED
EEE 52255, Cio0.5mM FHinkEhic, X5
Cis1 Z A 70403, Cisn BB E 2iZEL
E&12y, Cie:r OMEIZHERIT Cie:0 DIEERE X D B
>TW5. SFA X 3 {BERF L UFA i X 2 mEish
B FFA 0A1359 TG, £/ 7 )€54 F (MG)
BEU Tween (Y WEEVvE/ZAFN) THED
N5, 7o, BxOBERERICDONTD, Tablell i
RELIC, BEOERIN, —BICROSNIBRRET
» Yy, Ayrapaa & Lindstrom?? Q#je L b—HT 3.
UFA [t k3 FER . R 7 VERICRIZTMEISIERIZ,
BT BRI B SRS B C LIT K D RET B D TR

=10r o E
§3~ O/D"’— gl.O” /
~ (8] .
%) 2 <
< 04—, Q .Bfo
9 6' \\ E yN—y
L x < s
~.57 =357
E o A—-d >
g.' 0/ 330r @CSP:'Q’
3 E60r
8 Ny S Sz,
m.p = ES0f

2 4 2 4

Concn. of added FA (mM)
Fig. 7. Effect of the added fatty acid concentration on

formation of esters and alcohols.

O, Ci8:0; x, Ci8:1; A, C18:0 0.5 mM and Cis:1.
K-7 was incubated at 15°C for 4 days. NPP
(1 mM) as an emulsifire and NH,Cl as a nitrogen
source were used.
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Table 10. Ester formation by various yeasts in the fatty acids added medium.

Veast Fatty acid Cell . EtOH +AmOH EtOAc 7AmOAc
cas 0.5 mM 108/ml ppm ppm ppm
Saké ¢ blank 1.4 4.0 141 9.8 1.7
Ka eky%?s C8:0 11 4.5 145 11.6 2.1
yokal Cis:1 L1 3.9 125 6. 4 0.8
blank 1.1 4.2 139 10,2 1.9
Kyokai 6 { Ci8:0 10 4,5 139 10. 4 1.9
Cis:1 1.6 4,3 144 6.6 1.0
blank 1.3 3.8 144 7.6 1.6
Kyokai 9 { Cs:o 12 4,6 145 9.0 1.8
Cis:1 15 4.2 147 6.5 0.7
B blank 1.2 4,3 84 7.2 0.9
rewery {cWo 0.8 4,4 103 7.6 0.9
yeast Cis:1 0.8 4.2 84 5.3 0. 4
Wi + blank 1.3 4.1 154 7.0 1.5
Ogﬁyms{Cmm 1.6 4.3 141 8.6 1.8
Cs:1 1.2 3.8 129 4.8 0.8

Albumin (0.12 %) added medium was used as a blank. Inoculum size (x 108/
ml): Kyokai 7 3.2, Kyokai 6 3.2, Kyokai 9 4.0, brewery yeast 0.8, OC 2 2.7.
Incubation period and temperature were 3 days and 25°C.

{, EshofeiBIrEEkicE b xh, ERIEEEL
THAZINECEICLVRET S, KD Cu:2 BE
EEZBC LI, BEEicEhTEns Cisz BD
ERBZEED /AmOAc AR, Fig 8 ILARTL I I
BiED Cir2 4BUETZIC>OTHEINE. ® &
AT, BEDSIRIFBZERMICE D U DT
FEHTHY, BEDASTREAHBKEBETHS.
L7c3 - TT OHRIICEEICEET 2 RIS EEDS K & 12
REEBAZCLidy, Cieo EETTHAIHREE
HioEEE Ce EicB L TREBEIY T AT
HERRiIZH T DIHINE,

Isoamylacetate (ppm)

0 " " N N _.
0 10 20 30 40
Linoleic acid (%)

Fig. 8. Relation between percentage of Ci8:2 con-
tained in K-7 cellular fatty acid and formation of

isoamyl acetate.
K-7 was incubated at 25°C for 2 days.

EROMEHMELOBIR® ERCKIER
T AFVERICHT S SFA & UFA tOHEDEL
WERDBFRAET 2 DICEEKS SIS,

UFA OMEIHIRIZ cis O SO TREN_ERA
DEMBENDDIZERL, TOUNEHRIT 4° P 4¢
X 4 DHDHK XL, Vandenheuvel®® ¢k 3 &,
FA O CIERFRINTE—FmLich b, -CH:- (348
HIT trans FERICI DO /¥ 7 UI-EEBHELEEISD,
cis-UFA T3 cis C=C T C PMEMTEC &
ITI8 3. —J, trans-UFA |3 SFA L EREGEEL
EBDh, BERT AT MERICE T 2 MEIEIIIE
BNV, HFHEOZRIIEHEOMSAIC SRR,
HEGREIE ORI B R S E KB IRE DHEBBE
BEZ2REL, TORBOPYEOEBUPETFIERNLE
ERBEO#E L BERRICKEBESELEITHSL
ERBICEBLIEHBINTNE EBDTHS. %% /Am
OAc ApkBiZ, BRICE Y N2 Hli® © B A
$FUT Fig. 9 iITRT & Hic, =20~40°C 0#EFETIZ
IPERERSEDONE.

Suomalainen & Nurminen®” |, ZHhENIFSHE:
BEBIVMEERTIC LTIV EOREREREEL
TeE—VEERE N VERERY, Co~Cuo EiiEE &
Ua-keto acid £ DL F VI X FADEFEBHEEK
L, EIEED UFA LERMSEOIREETIS, hEROH
WVIREBICEEN, XD BEDEVHE OB BESEE 3
RREE/. T, BREACIEHBIVSEDLX
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Fig. 9. Relation between isoamyl acetate formation

and melting point of fatty acid incorporated in
K-7 cells.
O, saturated fatty acids; @, czs-unsaturated fatty
acids, and A, #rans-unsaturated fatty acids. XK-7
was grown at 20°C for 2 days in a medium with
0.5 mM fatty acid added.

FUBEETE® L0 HERISEEED.

DEDOHRERET S L, ERT AT VERICRIZ
iR B, 4 UFA OMEIEDOBIED—D &
LT, UFA Z2ZRBiCED CANEBREREOERT
AT NEXT B2 EEUDOEBHERING.

9. Acetyl-CoA : Alcohol Acetyltransferase
(AATFase) DR EIER™

BEEDOME  Acetyl-CoA (D acetyl EAFEAX D
alcohol NEEH T B LI > TER T AT V% KK
T HERD AATFase (3 K-722, £ — VBB 1D
WTRETXNTED, Yoshioka & Hashimoto3® |3 &
— VEERRDOMfEED 5 AATFase 27 13{L3 ¥, 4
BH L.

K-7 @ AATFase |3, 0.25M sucrose &1 105, 000
Xg 40 53 ThREE S (microsome) (CATEY DHY 70 %505
BHINIEEAERZTHD, intact cell TlI exo-
genous acetyl-CoA ® /AmOH ZE# 1 X5 WL T
X1 T &2 5, endoplasmic reticulum 73 & DHREIA
[E#& & {4 % peripheral cell membrane |z FE#:E A7 % #l
FRREANCD THEET 2 L#HEINS. AATFase O
RERIGEEE pH B32hZh 30°C, 6.5~7.0, &
% (D alcohol Zacetic-ester {942 A3 Cs D 1-hexanol
T LT SEHOE .

ERHREH o H D AATFase 7EH#EIS Fig 10 ic7R9

Cell age (h)

Fig. 10. Relationship between AATFase activity in
microsomal fraction and the cell age.
O, residual glucose in medium; A, cell number;
®, AATFase activity, which was assayed under
the standard conditions: 1 mg microsomal protein
was incubated at 30°C and at pH 6.6 in 0.2 M
citrate-phosphate buffer containing 8 mM MgClg,
211 mM (0.4 uCi) {acetyl-1-14C]-CoA and 1.84
mM isoamyl alcohol.

KD, WBHEAIICHEARLILY, glucose 3YE
INTIBUTIKIED, REOMIELPEILE EDITE
HREBITET T 223, glucose BENS1~2%2E
WKHERF SN D BB TRIBH ST 5.5 HllE
AUE? B, HEGABORELERBDNNS Y235
AHD glucoamylase JEHICIREL, —RRICSEEBED B
BIEAICSH T, glucose BEREHBTLELD
BN EERRTINS. T DIkEEIT AATFase FEHED
MEFRICE > TRBDEBTHS. bAHTELM, B
BD AATFase BHZE R T 0IKiT, 5%
D glucose BELXHIEEEHETEELOR
glucoamylase {EYE DR MASHEEICIL S . THIIKEE
HABRORMEEZ 5 L TREITFREEEZZH0D
Th3.

BECRIBTIEEORLE'Y
fraction |3 432 pg/mg protein DEEHLINTH
Y, % phospholipase Az F 7213 lipase LEIC &
S THETZ L, BEHRIELE CHR) D23~40%iC
IEF4 3. Z1IC egg yolk lecithin ¥ 77{3 C16:0 % 0. 4
mM HYFENTBE ik b, FEHIZIRDO50~75.8
HBCETEETSZ. —F, Cell 3EREEEEES
834 L, 0.45mM OFINTE SicEMIRL
~12% W E TIET T 5.

AATFase {3, /KiAMD HERIEOEE b 5 Bk

K-7 ® microsomal
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HR WA

H#E Bl LY R63%

DIAFNEARTZBDTHY, BEURE~OILE
DB SIIEKEND. #ic, Cc Xk 3% EREE
i3, UFA TX2BFRTAF VERNEIRS & EHER
ORB7c0ETATH R, ROBEERZETLO
RERREICE ERET 5 ERELH N FFA © MG
B XU oleoyl-CoA TH Y, EHEN B dioleoyl phos-
phatidyl choline DFEEIZHEEIFE. 3 AATFase
DEICTHES LIRETDIEE &L DHEEERICONTIR
RIEFRFEEDEL, AL ITHMITHRE Lz BICkER
D3, COARBIR U 27 VOESEBHICK
RYBEOEEICODVTOHBORAKETHD, COH
REW—DDOBIETRHASHZ C LEELEETH S
PHENT, FROMEDORBIHFTILATH
5. Witk X, 8BXUIDHETRNERDOE
KT AT VERICRIZTT FA DEEIRELHEETH
D, TNEFTOHRERELT, LVEBEKOBWEE
BEANDIGHERPI T TRNEC &icd 5.

10. BB\ FHRALENERBREEZCBEHR

INFTIABRNTEImAIIRK B &, HAATHIK
B s UFA LOEMAETEXAROBIT A &, AAT
Fase FEUHFZOLENLIZ, AAHD glucose BEX
1~2%PEicHiFd s ick-T, dAABY
BERT AT VEREDPE D OEREFHE S EEOE
7Am OAc (ppm)//AmOH (ppm), (E/A k) &L T
& BTEHEMEDH .

UFicZ2 DN 20 0fEH ST, TomES 531

BT Licg 3.

FroTUEBEKR ET B HAHAD [ERE O F N
BRAEZE LXK (a-K) &, ZRICK gl B % AE
ELTEALLF Vv ERBOTHAARET - 18
13, Tablell IR EBDTHY, no. 1~7 DK
DNWTHERT S &, ‘AmOAc £ &, E/A Hitic
SFA BAF v F Vel bDMEL, UFA BAD
bDTIHEL 3.

KBOREBBOEE  BEEICK > TRETEBER
EEATKBEROICEASD, £D Tablell TRT
no.8 & 9 LRHKTARL, AEORKERICE TS,

TRRHD, KD type L, 1112 4 DI THRRIEBY
type I {3 UFA D#igkh, = 27 vERICHT 2 Mm%
D XD 5L polyene BEDMRLASE N D, type 11
I3 polyene ST X DS WVRb Y Cea HOFEND
DTHY, »Dnod 9 TRHOIKED S/U iZzh
ZN0.44, 0.50TH 5. 7272, no.9 TH 7 type 11
DA TD Cs1 DIENTEELRRR 27, 7% % 5%, UFA
DBHBHUERICATN TV BRI bhHb 5T, AmO
Ac BN SBERFLEAAD no. 6,7 1L L T
PROENC &L, KEERN b D ELERFIHA
BETTLI—-NVEERPEVE—VERBEORE NI E
CHENTVE LS IC, REREIOPRITD, B
KHEES LEEBT A E3TER0. T/, X%
icid S/U Dshicd, BIRED E/A Hick®r s
ZBARFBEETECEGEIONG.

FRADY N—-EZBWCLB UFA BRE* i,

Table 11.  Components of saké brewed with raw materials varied fatty acid composition.

o R NG T on o 5
1 a-Rice* 17,7 3.0 2.5 204 3.76 1,84
2 14-Starch** 17.3 2.7 2.1 214 4,04 1.87
3 a-Rice** 16. 6 2.9 2.1 223 4,84 2.20
4 24-Cio 17.5 2.7 2.1 248 5. 63 2.22
5 2+4Cis0 17.3 2.7 2.0 270 5.89 2.18
6 24Ci1 17. 4 2.8 2.0 259 3.82 1,47
7 2+4Cs:2 17. 4 2.6 2.1 272 3.15 1.37
8 2+ Rice-£ogji (1) 20.6 2.7 2.9 197 3.17 1.61
9 24 Rice-4os7 (11) 20. 3 2.6 3.4 218 5.19 2.38

10 Steamed rice (Control) 18,8 3.0 2.5 240 3.98 1. 66

*, Defatted with water saturated z-butanol; **, with hot methanol.
Saké, no. 1-7 and 10 were brewed using saccharifying enzyme preparation instead of rice-4o7.
Rice-4osz having fatty acid composition: (I), Cie:1, 1395, Cis:2, 5695 ; (II), Cis:1, 27.7%, and

C18:2, 39%.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

19854 £ 25

EEEE Y 173

—EOERNEB T UFARETETLHICEE
BRI, ILICTNERET S HEELT, IDHE
Tah~7: FFA D& x ShicBRTIC L KEFRBL,
BEXORERIC, BX 1t %70 1.5X10°unit @
lipase ZFAVY, 128U LR, 7'V €54 FEHE
BEExOITEIEZER L., COFickD,
Ciiz & Cieul BB DO DI L TENEFNL0B L
U60%ICIRD L, KSR LTI~5%DETEE
UshBicis 3. ZOXIUWRUKERANTES LI
i3 7/AmOAc 248, E/A HIticdBEIDELS
D, BEOOERTIMOIFLNLE C EWRENK. BB,
COFEREE, 2EYEHOBEEETERALINT
B, lipase DEFEMARIIFEMH 500 kg IKRATVS.

1. & v 0 ([

HEOSHREHEERNORVIRE, MEEOESRI
A%FTEITHMTIHDEELONS. AFHER, B
KRS DIREASNE & 18 - 72hS, KRORBRKRSE LTD
JeH 122D UFA Ich B LA2FLhiCL, X5IKE
K[KLATFNVOEREFET D LN, BRI AT VES
B3 B EERID AATFase BARICE TELE LB D D,
BROEETHE. LOL, INTTRRTEEED,
KRIBROMBEDZ . T, TORE DF L AA-
TFase ZHARMRICLTE Y, 4BOWEOREE
BHELLO, T, AHHCREZT R F VDA
e OEREHEBELF v 27 VBEREN, Thd
DT ethyl palmitate Dk HIKEK T X F VOESR
EREBETAHDOHH D, X LIk, KicEvon
INDOEEDMEINSD, 2BBLUHBRTETK
BABKREIN, HBICRIREAEBTCENTER
V. BRIEFBFREEOTR T R 7 VEESIE PRI
DNTIZ, FRICEIN/- Bk IHREETHS.

KREIL, EE UTHAUL6~54EITH D, RBTFHEZRTE
ARABICENTTONIbDOTHDS. CHHECHELB-LE
RREREDHEOFAHE TEEERTRETASALNE L, K5
B, TUTE0RENRBREELBLTTE - IR EH
RICEIRHT .
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