The Society for Bioscience and Bi oengi neering, Japan

TRISEE R DA R 279

[(BiEE T #63% 45 279-287. 1985)

RIS EE R DA AL A R E IR

AR MK AR k- NERER
BYHFRL TEHAEEYH, CERAZBERE R

Volatile organic acids formation by salt-tolerant miso yeasts. Kazuo Isuinara, Nosuo
Honma, and NacaHIRO OGAsAWARA (Niigata Women’s College, Ebigase 471, Niigata
950; **Depariment of Agricultural Chemistry, Faculty of Agriculture, Niigata University,
Igarashi 2no-cho, Niigata 950-21, Japan) Hakkokogaku 63: 279-287. 1985.

By using a synthetic medium the volatile organic acids formed by salt-tolerant
miso yeasts and saké yeast were studied. As the test yeasts, Zygosaccharomyces rouxii S84,
Candida versatilis D-5, and Candida etchellsii F-8, all salt-tolerant and isolated from red
salty kome miso, and Saccharomyces cerevisiae RIB 6002 (Kyokai no. 7), a salt-sensitive
saké yeast, were employed. These yeasts were stationarily cultured at 30°C until they
consumed nearly all the glucose, the carbon source. Identification of the volatile acids
in the distillates of culture solutions under reduced pressure at pH 2 was done by GLC
and GC-MS after converting them to n-butyl esters.

We found that acetic, propionic, isobutyric, n-butyric, 2-methylbutanoic, and
isovaleric acids were formed by all test yeasts. In addition, the formation of 2-oxo-3-
methylbutanoic, 2-oxo-3-methylpentanoic, 2-oxo-4-methylpentanoic, 2-hydroxy-3-
methylbutanoic, and 2-hydroxy-4-methylpentanoic acids were observed from both
strains of C. versatilis D-5 and C. etchellsii F-8. Formation of 2-hydroxy-3-methyl-
pentanoic acid was also inferred. 1t was also found that benzoic and phenylacetic
acids were formed by C. versatilis D-5 and n-hexanoic, n-octanoic, and n-decanoic acids
by §. cerevisiae RIB 6002.

The amount of volatile acids formed was measured as acetic acid in the distillates
of culture solutions by alkaline titration, and it decreased in the order of C. versatilis
D-5 (27.0 mg/100 ml), C. etchellsii F-8 (11.7 mg/100 ml), Z. rouxii S84 (2.5 mg/100 ml),
and S. cerevisiae RIB 6002 (1.6 mg/100 ml). Among the volatile acids, acetic acid was
the largest in quantity (about 26-769,), and the other main volatile acids were isobutyric,
2-methylbutanoic, and isovaleric acids.
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T2, AREEHER L THEEBERKROER
BRI~ T B, RIS PH 2 L
BONTHERBROETLZIIBIERROTREHER
Uz, pH 7 (0% LSO NIEIP DR ERED
ThYEBBOOLNC P DT LMD, KREER
EEBEOFRICS VW THREYEOEERBEZ SN/
DT, FPTIAREEEROERT BEMRICONT
BRETL, ZORBRERETS.
E BR B &

EEBE  EEdORRER S LTHReEORE
X W yBEX T Zygosaccharomyces rouxit S 84'% (P
F, Z. rouxii), Candida versatilis D-5 (PI'F, C.
versatilis), Candida etchellsii F-8% (PITF, C. etchel-
Isit) D 3%k & JEMEY TH 2 EHERER O Saccharo-
myces cerevisiae RIB 6002 (& 7%5) (BUU'F, S.
cerevisiae) ZIEF L7z,

EHEHIUIEESE R LUICEBDOHER%E
Table LiT/;_R U7z, 72750, JEMEHTH B S. cerevi-
siae DIRFFRERDS L R R EL I3 K (Ballg. 10°)
EL, ESICAEREEMICIE Table 1 1c/R UKD
2 bREERMO DLV,

FEERRESERK = HOeEEREL, 30°C T
SHM#ERE L. FEBEERTELSHL, BHE
12. 5% &EIK (S, cerevisiae \CIRBEERE AKX T
e, BREERT AR L. ABEEMHISRER
ELTr7va—R, ERELLTR, KEOTI/ B

MRSPICESOTISEED 7 I / BEAYEER L.
72120, YAFVEF OV VIZBREMNNSOIZDR
BEFIDIRREITTE - 7. AREBREHREICH 7 - T,
BEBICBIAZT I/ « AVvE=VRIGOEEEZ I
1z, ya—REEEZEO/ORSERZE R %I
120°C Cl0MEERE Lic. € LT, 8EH 1/ 0=
752010, BRIEERKEAERERD 600ml i
1% &S URA L. BEOEBEKIE 600ml
Wiy 3x108 & L, 30°C TRERTHZ /7 va—2
MIFIIHE Lo SNckifiE THEREREZT - 7.
NE, COERHMOFER, BRPOBRICK 7.
- BRUBOSBEFOTFINIZAFTIVE  RIERE
¥ 6! hDEFRK A%, Fig 1ICRULAEEARD
THIE L. EEAIZ —5°C, B&Cit —80°Cich
#1 U, B30 % 10N H,SO. T pH 2 [cB%%, o—
2)—xzNRL—2 =i RE LT 5 R3ic AR, 10
mmHg PDITFTHEEKSHET S TREEE2T-
7o, FSWHBOEEKEMA CTREZEFEZHEVERL
o, 1BE, BMEITEEASACHEIN, BLRAE
DKEE, CILRBDTHTMLIOKEBBD LN, B
ECOXKBEERHEL, ADEKREADLETHERERS
Wb DREERE Lic.
BREBOSE FEZ Fig 2 IORL, Bo0E
RUBOT ey LB RBIUTS® OFET 27 F
W ZF LUz,

BRUEB ITFNIZFIOAHRIATITST 4
— (GLC) $XUHZIAOT L U57 ¢ — - KRDH

Table 1. Composition of media.?
(/7)
For stock culture
Glucose - 50g Glucose 20¢g Biotin 0.002 mg
Raw soy sauce 100ml Ca-pantothenate 0.4mg
NaCl 83g 18 Amino acids® as N O.4¢g Inositol 2.0mg
Agar 2¢g Nicotinamide 0.4mg
H 5.3 KH:PO, 2g p-Aminobenzoic acid 0.2mg
pH . CaCly-2H,0 0.1 Pyridoxine HCI 0.4mg
allzeotiz 18 Thiamin HCI 0.4mg
MgSO4+7H:0 0.5¢ Riboflavin 0.2mg
For precultureP FeSO47H0 10mg NaCl 125 g
Glucose 080 g MnSO,-7H:0 10 mg L5
Raw soy sauce 100 ml pH 4.
NaCl 125 g ZnSO4+7H:0 10 mg
pH 4.5

2 The medium for S. cerevisiae contained no sodium chloride.
b Rice kosz extract (Ballg. 10°) was used as stock and preculture media for S. cerevisiae.
¢ The mixture of 18 amino acids was prepared according to the amino acid composition of soy-

beans.!®
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Fig. 1. Apparatus for distillation of fermented broth.

(GGMS)  GLC |2 20% Silicone DC-550, 1.5%
Silicone OV-17, 595 PEG-20M-P @ 3 FE¥D /¢y 7 ¥
#3546 PEG20M DF 55 ) —HFAICE-T
fiotc. BEIRIBE GCAAPF 2R L. Z DD
BAEREREERBERICEWTRLE. £ —7ICH
YT BLAPDHEIIEEGE D Ry L OHE, BHE
BEOERMRERICEDfT-72. ¥/, ¥—27E&IZA
v 4L —4& — (Disc Co. 263-D) iz & h 3k, Disc
integrater unit T/R L7c.

GC-MS |35 — 2 MEF D3 v & 2 — & — (Hitachi

002B-8DK) % ff& L 7= Hitachi M-5201 & Hitachi M-
60 gt LicbDic kD, EFHEA 4 bk (E]
) T -7, #115 £13 3% Silicone DC-550 M/<
7 ¥#H56E PEG20M DF 351 —h 35 L%
A L7z, 3% Silicone DC-550 £FTA LicH 52
5 AWE 3mmX2m T, #H 7 LRE 80°C-210°C
(5°C/min), F % ) ¥—AH R (He) 0.4kg/cm?, fFEA
IRIBEE 225°C, 4 V& —7 =4 X 235°C DT T »
7z. —J5, PEG20M D F » £33 ) —H 5 LIBHF X
# SCOT # 5 47T, BERBREBBERICBOLTR
Uiz, HEMTIRFES 5 55 b4 4 LERE 206V,
1 % VIRRE 180°C TTW, AERE—&HRHFTIT-
ToEREHE DR T b VEDHBRICK > TiT- 7.
£EHE, pH 8KXUEERRSORNE KHEEE
FEDEBIR BRI E0T, HEBORAPLE (600ml
Mzp 2-5ml) ICbEMED SN LT, KEihE
DORLE GO TERERRIIKSOEREEZ, HE
BERKDBEHRLUT—ERE L, STARAR
U7z, ABEIRI660om BT 2 HEPEX 10mm
OHBNET/RL, pPH 3EHE pH # —% —THIE L.
D EICHBAKE 3,500 rpm T10HRIR M EE L,
Bohl BRI OWT S Vva—XBi3 7 =/ ——
WEEE, 2FHREBR I ML —VETRIEL. 7,
SklE¥E 10N H,SO. © pH 2 icg@# L, Fig. 11c
RUEETKIRES, ZOFEKHORTVI—

Fermented broth, 6/

Adjusted to pH 2.0 with 10 N H.SO,
Distilled 72 wacuo at 50°C

Distillate, about 7/

|

|
Aqueous layer

i
Pentane-Ether layer

. |

Aqueous layer

i
Pentane-Ether layer

Adjusted to pH 10.0 with 10 N NaOH
Concentrated 7z vacuo at 55°C

Concentrate

Dissolved in distilled water (about 100 ml)
Adjusted to pH 2.0 with 10 N H2SO,
Saturated with NaCl

Extracted with Pentane-Ether (1 :2), 200mlx3
Pentane-Ether layer

' Extracted with 595 NaHCOs, 50 mlx 3

Aqueous layer

| Adjusted to pH 2.0 with 10 N H.SO,
Saturated with NaCl

Extracted with Pentane-Ether (1 :2), 50 mlx 4
Pentane-Ether layer

Extracted with 2N NH,OH, 50 mlx4

Aqueous layer

Concentrated 7z vacuo to 50 ml

Volatile organic acid fraction

Fig. 2. Scheme of preparation for fractionation of volatile organic acids.
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REELY) UL - TryE=YLZFVEERETH
El, =4/ —nEUTRLE. BEDOoEREEIT
TH ) HELETEBRERYD, BEE UTHEHB L.
BEBERERAR DO ERE R LSS LURES
4% no. 101 TKE%, 10N H,SO: TpH 2 [c@% L,
H o+ HOEGEHH AR LT 50°C ToerER = — 7 v
HHE2T-7. 188, ZRi2i20.1N NaOH 80 ml %
AN, TNTOEBRBEHIEL, EHERICIORE
BEEEARY, a B LTER L.

RRERSIUER

EERPORDIBOLE RIEFEHELOL
TR T OREFE R D% Table 2 1R L7z, HRIEZAER
DEEMRTH B Z. rouxii LEKREERTHS C
versatilis, C. etchellsit DREFBICIIZ LA EENR
<, 2B/ THEHMEED 2 %% EDB 7/ va -2z
FEAIHEBE L2 Lic, chiucxl, EREROX
DEHIC B IEERIND B ERR S. cerevisiae |3, 4 B
 BETHERD Z 3 — 2DIRIFTNT EHREFEDI0%
FLEHERE U, KEEROERMBERIT S. cerer
stae DENIL D HIEL, THEBELEL /2. #ER
M7 —-VBIIEEDNS. cerevisiae TH Y, HRMEEE
RT3 Candida BHS Z. rouxit LV B NERICDH
Sl BPOBRETRYTH 7o EpBiELA
EEWBRNSDEEZIOND. BRET VI —VERK
Dl=DIPBINI S va—28%, BRL®OHRE
FBEAEROTER L ET A, S cerevisiae [389%,
RMEEERHI64~T4% % hD, HEIN/I/ VI —RD
FBAHFTHBEMNBOLN.

S. cerevisiae D pH 4. 40 [T EEBEYIRIE LT LA EET

13734, BREBROIHEBFRIRETH 7.
kL, $91 0 pH ETS53E® b Z. rouxdd & C.
versatilis DAFHEEERIT C. etchellsii DF NI D HH L,
Lo b COMBEHROBEERET T Vva— v ERERKICD

NIEEELTI va -8B EC A, MEKIT
ZNENERICI > THEBI NS Vva—2D84 %
ZHH TV 3K 100 m] chDE B R IIRFEE &

LT C. versatilis 5327.0mg, C.etchellsii h311.7mg,
Z. rouxii 13 2.5mg, S. cerevisiae H31.6mg T, C.

versatilis OFEZMFERIT Z. rouxit D¥IVEETH -

7o, C.versatilis DIEFRMWELRES /v —I~NBEL
& T A, EREMEPICHEBRIN S va—2DK 2

DBITHY Uz, %72, Caondida BOHKT HERME
BIIREBBEDOLE 2 HDcDs, Z. rouxii T

BHOSBTH-t. DT EMS, Z. rouxis \TXD

HRINIBFHREBORESPAERUETH S EEX

5L5.

EREBBROBERERANI LA, Z. rouxii TRT
o — VEBROMIT, DA E LARIBEEREHED
I AFNEBED LN, C. versatilis T37ra—
WHRBER, 127 VEDOMICEOEIME &5 SR
BIUEUHEOELIED O, C. etchellsii TIIT IV
I—-ARBEELNBMEL XUGBORERELED S/,
S. cerevisiae TRIFEHREIOMICEOFIHE LFFH
FEAPRDICE VDD Sk,

BRMBORE HBHRERTFLIRTIONR
7 a= 5 6% Fig. 3, 41TRL, RE—7 DHEE,
E— 7 HEDOHES Table 3 1cF EDT/RLAE. E—
I HEBOKRXRIT C. versarilis, C. etchellsit, Z.
rouxis, S. cerevisiae D)ETHY, TNh YV HEILLS

Table 2. Analytical results of fermented broth,

Strain

Z. rouxit C. versatilis C. etchellsii S. cerevisiae

Period of fermentation (d)

Glucose consumption (9%)

Nitrogen consumption (%)

OD (660 nm, 10 mm)

pH

Volatile alcohols as ethanol (mg/100 ml)

Total organic acids as succinic acid (mg/100 ml)
Volatile organic acids as acetic acid (mg/100 ml)
VOA*x100/TOA**

11 12 12 4
98.8 98.4 99. 4 99. 4
16.3 9.3 16.3 38.9
0.36 0.22 0.38 0.85
3.59 3.61 3.94 4.40
646 714 753 904
54.4 48.7 19.5 9.8
2.5 27.0 11.7 1.6
4.6 55.4 60.0 16.3

*Volatile organic acids; **Total organic acids
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Fig. 3. Gas chromatograms of z-butyl esters of volatile organic acids in fermented

broth.

Column: Left: 209 Silicone DC-550, 3 mm i.d.X3 m, Stainless steel.

Right: 1.59 Silicone OV-17, 3mm i.d.X2m, Glass.
Column temp.: 60°C-(6°C/min)-240°C. Carrier gas: N2, 50 ml/min.
Injection temp.: 270°C. Detector: HFID, 300°C.

D: Peak of dibutyl ether.

ERUBEROEMIC—T L. 2HABERICEELT,
acetic, propionic, isobutyric, z-butyric acid DA 5L A2
WdoNKk. TFrrzxFad GLC (Tid 209 Silicone
DC-550 258 LT\ 3028, Bohhir BERE&K DS
BICRABYTH 7. e LT PEG-20M T
12 propionic, isobutyric acid DFIBIC T Frx 2 F v
LI ER ULEREDT 2/ — 1O E—7 B3HBHIN
2RE12H B DD, 2-methylbutanocic & 3-methyl-
butanoic acid (PLF, isovaleric acid) 24332 Z &
MT&I. TNomMBRAUEBKICKDARZINS
TEe@Boik. 2EEABERICKDAER PR IN
RFEH 2 ~ 5 DEHS IUBDLLINOD 6 BEOERY
B2 IR DEKEE?, HHVIRKEOERIRS
® L UTERICHEIN, 7 TH 2-methylbutanoic
acid [ZARMPIC L D HRBOFRRS & LTHDTHE
XN 7z, F 7, 2-methylbutancic acid A%< 5{t2&
MIREBOERE™ L LTHEINTEY, 2-methyl-
butanoic acid ICB§LTd S. cerevisiae THKHEED
SN DTHEBETOELENREING. C. versatilis,

C. etchellsii DWBERED S 1T 2-0x0-3-methylbutanoic,
2-ox0-3-methylpentanoic, 2-oxo0-4-methylpentanoic ac-
id O4*VEE 2-hydroxy-3-methylbutanoic, 2-hy-
droxy-4-methylpentanoic (leucinic) acid D k& Fo ¥ ¥
BOERERDI. oA FVEBEE Vo F VEOD
GC-MS 5% Fig. 5 itRLEk. i ba8D
T ARARY P WVIEEHEOZNIC—B L. 7,

Fig. 4 [THB T, 2-oxo0-3-methylpentanoate D ¥— 7
%5 2-0xo0-4-methylpentanoate D ¥ — 7 DHEFIICH S
BEGELD, EEHPEOAFIITELD 78, 2-hy-
droxy-4-methylpentancate DERICH B E—7 % 2-
hydroxy-3-methylpentanoate L L, T DILEHD
GC-MS D#&ES Fig. 5 ITRLK. €DV AXRT b
it 2-hydroxy-4-methylpentanoate D Z 3LICEEL L
Tz, $i1, DAL Z. rouxit & C. versatilis
ck, ERELZ4 VoA v VERICUIBAICE
RENBZE2RHR LTS, ?” 2-hydroxy-3-methyl-
pentanoic acid 2R A+ VELE Fu:YBO X F
N, BEVRBIZIFNIAFNDTRARARYS VT —&
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Fig. 4. Gas chromatograms of #n-butyl esters of volatile organic acids in fermented

broth.

Left: Column: 525 PEG-20M-P, 3 mm i.d.x2m, Glass.
Column temp.: 60°C-(6°C/min)-210°C. Carrier gas: N, 50 ml/min,
Injection temp.: 270°C. Detector: HFID, 300°C.

Right:

Column: PEG-20M, 0.3 mm i.d.X20m, Glass SCOT.

Column temp.: 60°C~(5 min)-60°C-(5°C/min)-170°C.

Carrier gas: Nz, 1.1ml/min. Scanvenger gas: Nz, 36.6 ml/min.
Split ratio: 1/33. Injection temp.: 270°C.

Detector: HFID, 300°C.

D: Peak of dibutyl ether. B: Peak of z-butyl alcohol e a/.

KR LUTREIRREINTHE®N, 7F LI F 4D
F—213R¥%7 5731 . 2-ox0-4-methylpentanoic acid
BERGDO7 L—"—FKH5* L LTHEINTN B2,
KEZFERET2%RBGIC, TOABEESDNT
NOA+VEDE FoFvBIZTOEERREINT
Wiz, E7, KBEFUSREZRERE L, BED
MR ORERICB ST 2 8Hticd, cho
EEPOEERREILTOREL. LbL, ARET
Candida B p 0 ZN S LEYDER BB D SN
i3, B, BEPTORENRERING. T/, &
FEICHET I/ BONY) Y, ad4 vy, 4valy
VR BICAWICBE, Candida BOAICE LT Z.
rouxii WX ->Th, TNOEHLINDAFY BEE
No ¥ BOEREERD TS —F, HETI 2
oxo-3-methylbutanoic, 2-oxo-4-methylpentanoic, 2-hy-
droxy-3-methylbutanoic, 2-hydroxy-4-methylpentano-
ic acid OVWFNOIFNIRFATRHBD, EE

DEERETRD & LTHREINTNE. @ LhL,

KRR TIRIEBERER S. cerevisiae L X 3 2 S{LEY
DERIIBED Shiih 7. BBEDINSLEHDS
H, 2-hydroxy-4-methylpentanoic acid |3 Aspergillus
orysae X -THREN, BEEIERERZZOT
FNTRATFNMELDHTBEELTWE EHE INTH
5308 et L, APFFETO 2-hydroxy-4-methyl-
pentanoic acid |3 Caendida BEFic Xk D ERIEED
bN7eDT, BEEBHOERE UTHGSIRHRET
5. B8, bhhA+VBBELTE, ~rER
ICE BERDHENH 5.3 S, cerevisiae 1> 5 | IBEME
BRTHHINT -7 n-hexanoic, n-octanoic, -
decanoic acid DAFRAERH SN, M TH z-octanoic
acid DAERKEIAIT acetic acid T DN TEM »72. X
51T, C. versatilis {T X 1) benzoic, phenylacetic acid
DER B 5N, FLEY 13 BB E RS
829 L LTHEINTHBY, T/, benzoic acid &
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Table 3. Volatile organic acids in fermented broth.
Peak no. GC- Peak area 93¢ on 20% Silicone DC-550

Compound(n-butyl ester)

DC® OV PEG(1)c PEG(2)!

MS Z. rouxit C. . :
. versatilis etchellsit cerevisiae

C S

1 1 1 1  Acetate +f76.11 68.12 25.95 46. 93
2 2 Propionate + 2.26 0.72 0.29 1.84
3 3 Isobutyrate + 12. 85 6.90 8.06 11.48
4 4 2 2 n-Butyrate + 1.59 0.32 0. 34 1.26
5 5 -
3 3 2-Methylbutanoate + }ss0  Jo.ss Jazss ) as
5 5 4 4  Isovalerate -+
6 6 6 6 -Oxo0-3-methylb
2-Ox0-3-methylbutanoate + } 0. 66 } 0.29
6 6 9 9 2-Hydroxy-3-methylbutanoate  +
7 7 5 5 n-Hexanoate + 7.45
8 8 7 7 -Ox0-3-
2-Oxo0-3-methylpentanoate + } 3.30 } 4.94
8 8 8 8  2-Oxo-4-methylpentanoate +
9 8 11 11 2—Hy<.iro:~:y—3--methy]pentanoate'z } 5 35 }14. 30
9 8 12 12 2-Hydroxy-4-methylpentanoate +
10 9 10 10 #-Octanoate + 18.04
11 10 14 14  Benzoate + 0. 09
12 11 15 15  Phenylacetate + 1.06
13 12 13 13 n-Decanoate + 4.20
unknown 1.69 6. 14 13.45 3.98
Total areah 2964 13002 4775 1907

3 on 20% Silicone DC-550.

see Fig. 3(left).
¢ on 5% PEG-20M-P. -

see Fig. 4(left).

b on 1.59% Silicone OV-17.
4 on PEG-20M Glass SCOT.

see Fig. 3(right).
see Fig. 4(right).

¢ relative area 95 to total area except solvent and dibutyl ether.

f positive to authentic compound.
phenylacetic acid 1ZZhZH, EHHEE BB D
Saccharomyces rouxit®® |CEB7 =7 5= VDR
HMEGE LTHREIN TS, EEd T, 7=
NT 5= vERBWMERBIC UIES, Z. rouxii & C.
versatilis {2 & 1) benzoic acid & phenylacetic acid 73
ERINE T EEEDTNS. P

BRI & D R DRER S N BREBE O KRS
S acetic acid THI2W6B~T6%% 58, DNTERIC
ZIn 72D A3, isobutyric, 2-methylbutanoic, isovale-
ric acid WETH o7z, MK - 43 IEAFHEICHR
L7z Z. rouxii FRZREFED Z. rouxii S 96, Z, vouzéi
Y712 Z2ER LT, RERAOHRMEEBRLFT, acetic
acid OEINEZEDH T B.

PUEDHERDS, ARt EER U CHBRBERICK
D, KEESRS TH B HKEH 2 ~5 DE#HB LUK
LN OHEFEMEE, X 5IC benzoic acid & phenylace-
tic acid DERMEDSNLDT, KERPTOINS
DEFPER DRI T 5 BB B OB SAHBRE 1

€ tentatively identified.

b Disc integrater unit.

fo. Fio, WREBRHER Candide Bick D IREK
5, 6 DEbINA+VERE FoF v BOLERMSE
BoNfcT L, KREBERERTH B Z. rouxis DIE
HEHBE TH L EERREOASIERTH -1-.

® #

AR EER LT, WEHENREES X UETEE
BicKDERINZEBRUBICOWTRET L.

AREHIR I v —-2(2%), KEDT I/ BHEK
CESCISEEOT I/ BEAY (BHRELTO0.04
%), &if (12.5%), 4 I VH, HEHER, pH4.5
L0173y, HEABEEL UTHREFORBLDSEIN
ToTRIEMED Z. rouxii S 84, C. versatilis D-5, C. etchel-
Isii F-8 D3BRAEMER Lic. T/, IEMEHOEER
S. cerevisiae RIB 6002 (4 7 &) ZHL, BIRO
R D 5 bREE & MV OWTHRE L.
INSOEERD, RERRTHS 7 1va—2%121T5%4
B LD TERIE T 30°C CRERRET
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Fig. 5. Mass spectra of oxo carboxylic acids and hydroxy carboxylic acids identifi-

ed in fermented broth.

GC-MS-COM: Instrument: Hitachi M-5201-Hitachi M-60-Hitachi 002B-8DK.

Conditions:

Column: PEG-20M, 0.3 mm i.d.X20m, Glass SCOT.

Column temp.: 60°C-(3°C/min)-170°C.

Injection temp.: 250°C.

Interface temp.: 220°C. Carrier gas: He, 0.4 kg/cm?

Split ratio: 1/20.

Ionization: EL
Ionization electron energy: 20 eV.

Ion source temp.: 180°C.

* Tentatively identified.

N pH 2 TRERBZTY, BoNEERR
pH 10 TEME®%, HBHEick h BRUEEBRRSZRR L.
ERMEBEOREIIBRYEED n- 7F vz AF ML
72HDICDVT, #R7u7 7577 4 —BRXUAR
saw 574 —  HEBEHWHERREDIT .
ZOFRR, HABERICHE LU TARSRY o/
ZkMEEELT, acetic, propionic, isobutyric, »-butyric, 2-
methylbutanoic, isovaleric acid TH -7, X Hig, C.
versatilis D-5, C. etchellsii F-8 OMkEh 513 2-0x0-
3-methylbutanoic, 2-0x0-3-methylpentanoic, 2-oxo0-4-
methylpentanoic, 2-hydroxy-3-methylbutanoic, 2-hy-
droxy-4-methylpentanoic acid DLERKERED . 77,
2-hydroxy-3-methylpentanoic acid D4R D HEE L7,
A Bir, C.versatilis D-5 |t X 1 benzoic acid & phe-
nylacetic acid, {HFEERLC X D n-hexanoic, z-octanoic,
n-decanoic acid DR D SLic.
BERUBRIEBROBERFTRICOVTT VA Y

HEIC &K DR 100m] hOFEREE UTRD 703,
ZRig C. versatilis D-5 73 27.0mg, C. etchellsii F-8

78 11.7mg, Z. rouxii S84 3 2.5mg, HEEEHS
1.6 mg T&H -7z, C. versatilis D-5 OERUEE 1

Brf & L CHEERAEPIEEREINc S va—2DF] 2
BIlcBM L. ERYEEBOKRESH acetic acid TH
26%~T6%% %D, DT ERIICE -7 DR, iso-
butyric, 2-methylbutanoic, isovaleric acid X & T& »
7z.

DEDOHERDS, KBOBFRESE LTHEINT
WAREH 2 ~5DEMEBIUBRLINOERERED
benzoic, phenylacetic acid DRI XET 2 TRIEHE LR
BREOESEEE L. T, REKS, 6 DD
P4+ VEEPE Fo+ v, benzoic, phenylace-
tic acid, R¥E¥K6, 8, I0DEHEOERUEEITED
HERICE LT, HEEREOEZRZRDI.

AFREDORTICH 7D, HRBEKROSBEIERMENIZEZL
1HBRRGHER « AHEB—, BAPEROHENS CILKRBT
1EFMEV & UAFRARAESRILRRHBICERR L E
g.
ABEOBERIH ABMBETELAL098L. 1L KBICTREL ..
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