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Screening and Cultural Conditions of Yeasts that
Assimilate Ethanol

Morio Akaki, Mineko Fukunaca, Kazuhiro Yosuma**,
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Six yeast strains, Pichia membranaefaciens No. 304, Pichia sake form. a No. 101,
Pichia farinosa No.115, Pichia farinosa No. 121, Candida rugosa LKB 6111 and yeast
No. 62-72, utilizing ethanol as a carbon source were selected from 217 strains of yeast
(identified 112 strains, unidentified 105 strains).

These selected strains showed a good growth on the medium containing 2~6 per
cent ethanol, 0.1~0.2 per cent urea and 0.1 per cent corn steep liquor. The growth,
however, decreased at a concentration of 8 per cent, and was inhibited at a concen-
tration of 10 per cent of added ethanol.

The growth characteristics of the selected six ethanol-assimilating yeast strains
were investigated in shaking culture on the ethanol medium containing urea and ammonium
sulphate at various proportions. By the addition of 5~20 per cent ammonium sulphate
to urea as nitrogen, the growth of these yeasts, except yeast No.62-72 strain, decrea-
sed with the increase of ammonium sulphate concentration. However, the rise of pH
was decreased during cultivation and it is shown that the depression of pH protects
the culture from bacterial contamination.

Optimal concentration of corn steep liquor as a natural nutrient for yeast growth
was between 0.1~0.2 per cent, differing among the strain.

Cell yield from ethanol supplied to the medium reached 73.8 per cent on 1 per

cent ethanol medium for Pichia membranaefaciens No. 304.
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Pichia sp. 4 ¥k, Hansenula saturnus 6%k, Hansenula suaveolens 5tk, Hansenula
mrakii 18k, Hansenula anomala 24%k, Hansenula sp. 14%k, Saccharomyces sake 4 ¥E,
Saccharomyces pretoriensis 1#k, Saccharomyces sp. 4 ¥k, Candida ulilis 20k,
Candida tropicalis 3#k, Candida guilliermondii 2#k, Candida rugosa 1#k, Debaryo-
mycecs sp. 4#k, Mycotorula japonica 3%k, Rhodotorula sp. 4 ¥k, Petasospora sp.
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Table1.Composition of mediumA. Table 2. Composition of mediumB.
Ethanol *: Varied Ethanol Varied
(NH.,) .CO™ * 2.0q {NH2) .CO 2.0q
KH.PO, 1.0 KH.PO, 10
K.HPO, 0.16 K. HPO, 0.16
MgS0,7H.0 0.7 MgSO0,7H.0 0.7
NaCl 0.5 NaCl 0.5
Yest extract 0.1 Corn steep liquor 0.1
Distilled water 1000m¢ Distilled water 1000m|

% Ethanol without sterilization was added to
the autoclaved medium.
% % Urea used as 5% solution wfth sterili—
zation was added to the autoclaved medium.
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Table 3. Yeast growth of representative strains.

pH Growth™

Strain Ethanol (OD at 430 nm)

wt % After After After After

2 days 3days 2days 3days
Pichia membranaefaciens No.304 2 6.1 7.8 0. 47 0. 57
4 6.6 5.8 0.51 0. 36
Pichia sake form. a No.84 2 8.2 8.5 0. 50 0. 46
4 7.6 8.0 0.43 0. 58
Pichia sake form.aNo.101 2 7.0 7.7 0. 49 0. 59
4 5.8 5.0 0. 46 0. 87
Pichia farinosa No.112 2 4.9 6.9 0. 53 0. 59
4 5.0 4.0 0.52 0.76
Pichia farinosa No.115 2 4.8 7.1 0.52 0.60
4 5.1 5.7 0. 56 0.90
Pichia farinosa No.121 : 2 6.2 6.7 0. 60 0.64
4 6.9 5.5 0.53 0.79
Pichia farinosa No.123 2 6.1 6.8 0. 46 0. 57
4 6.7 5.5 0. 55 0. 80
Hansenula mrakii No.169 2 8.1 8.6 0. 52 0. 50
4 7.7 7.9 045  0.62
Candida rugosa LKB 6111 2 4.9 6.7 0.52 0.55
4 4 .4 7.3 0. 46 0. 65
Yeast No.62— 72 2 6.3 6.4 0.53 0. 48
4 4.4 6.9 0.44 0.67

* Growth was indicated as OD of the culture liquid diluted 50-fold with distilled water.

3% U 7= Hikk® 5 & Rhodotorula J§, % ¥ 0 — DECHER 2 & O—EHORKIZLY / —
VEALED S B ‘B@fﬁ‘&)otff} oz AEDEMKIITY /= VA RFERE L TEILT S
ZEHBD,

¥12Pichia J&T|3P. membranaefaciens No.304, P. sake form. @ No.101, P. fari—
nosa No.115, P. farinosa No.121% &%, Candida J&TI3C. rugosa LKB 6111 H, F
FREIEE OB TII Yeast No.62=72 O 6 FtkA*, 2% F-34 %185/ —IVigE TRHT
BEBH L, BERO HIZ6HEOLON Eh 5,

ERFEOHEBEMICE JIETHE

FEBRICEIRL ATy /- VEREO S WEARF 378 6 itk 2 HBE L Lo ZhonE%
Ty ) =2 YDA &R CERFEOMEE L BEAAROMIIZ 5 2T R %‘E.'S%Tﬁgﬂbt 7o

5 F % Table 4 X UTable 5127 L 72,



Table 4. Effect of nitrogen source on the growth of selected yeasts. (1) 7

pH Growth™ (OD)
Nitrogen Ethanol

source After After After After left

2 davs 3 davs 2 davs 3 days wt%

Strain

(NH,,CO 0.1 48 61 053 074 000
0.2 6.1 69 057 074 000
(NH.,SO, 0.2 23 23 037 0.3 012
0.4 23 23 0.3 039 013
, NH.NO, 0.1 21 20 032 03 001
Pichia membraneafaciens
0.3 221 21 029 0.3 001
No. 304 NH,CI 0.2 20 20 033 042 001
0.4 20 20 0.33 037 0.00
NH,H,PO. 0.4 22 21 042 057 000
0.8 25 24 043 062 000
(NH,),CO 0.1 46 56 043 073 000
. 02 6.4 7.2 057 072 0.00
(NH,,S0, 02 22 22 034 043 000
04 2.2 22 036 051 000
Pir: NH . NO,4 0.1 20 20 0.3 038 001
ichia sake form. a
0.3 21 20 0.2 032 00l
No. 101 NH,CI 0.2 20 19 0.31 040 0.0l
0.4 20 19 02 033 000
NHMH,PO, 04 22 21 036 05 000
0.8 25 23 037 05 000
(NH,,CO 01 46 67 055 073 000
© 02 56 7.2 055 070 000
©(NHp,S0, 02 23 22 033 042 000
0.4 2.3 22 038 044 000
o _ NHNO, Ol 21 21 02 031 001
Pichia farinosa No.115 03 22 21 02 028 000
NH,Cl 0.2 2.1 2.0 0.29 033 0.00
0.4 221 20 029 030 001
NH,H,PO, 0.4 2.3 2.2 0.40 0.49 0. 00
0.8 25 23 042 058 000

% Growth was indicated as OD at 430 nm of the culture liquid diluted 100~
fold with distilled water.



Table 5. Effect of nitrogen source on the growth of selected yeast. (2)

pH * Growth*{OD)

Nitrogen Ethanol
Strain %
source After After After After left

2 days 3 days 2days 3 davs wt %

(NH,,CO 0.1 58 63 05 069 000

0.2 65 66 054 068 000

(NH,,S0, 0.2 24 24 033 049 000

0.4 24 23 034 045 000

o NHNO, 0.1 22 21 028 033 000
Piehia farinosa No.121 0.3 22 22 026 030 018
NH,CI 0.2 21 21 030 035 002

0.4 22 21 028 032 004

NHH,PO. 0.4 24 23 039 052 000

0.8 27 26 044 054 000

(NH,,CO 0.1 35 56 056 061 000

0.2 49 7.3 0.5 0.64 000

(NH,,S0, 0.2 2.2 2.1 043 052 0.00

0.4 22 21 041 052 000

_ NH.NO, 0.1 2.0 20 0.38 0.44 0.00
Candida rugosa LKB 6111 03 18 18 040 056 000
NH,CI 0.2 17 L7 042 053 0.00

0.4 17 16 039 057 000

NHH,PO. 04 21 20 044 058 000

0.8 2.4 23 047 061 000

(NH,),CO 0.1 34 58 050 052 000

02 49 7.3 054 048 000

(NH,,S0, 0.2 21 22 041 035 000

0.4 22 2.2 046 041 000

NH,NO 0.1 21 20 039 040 000

Yeast No.62-72 03 20 L9 038 051 000
NH,CI 0.2 19 18 041 054 00l

' 04 19 L8 037 051 000

NH,H,PO, 0.4 2.3 2.2 0.4 052 000

0.8 26 26 047 049 000

*See Table ¢.

Table 5. Chemical components of corn steep liquor.

Solid matter _ 48.5%
Total sugar 10. 3
Total nitrogen 3.0
Lactic acid 7.1
SOz 0.07
pH 3.9
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Table 7. Effect of nutrients on the growth of

selected yeasts.

Growth™ (OD at 430 nm)

Strain Nutrient
After After After After
2 days 3days 4days bdays .
None 0.06 0.16 019 022
Yeast extract 0.05 018 020 023
Pichia membranaefaciens No. 304 Peptone 0.06 021 023 0.26
Meat extract 0.06 0.18 0.25 0.24
Corn steep liquor 0.08 0.24 035 037
None 0.05 0.13 029 031
Yeast extract 0.08 0.21 031 037
Pichia sake form.aNo.101 Peptone 0.04 0.18 0.26 0.31
Meat extract 0.08 0.24 033 037
Corn steep liquor 0.08 0.22 041 0.42
None 014 031 034 035
Yeast extract 0.17 0.31 0.34 0.36
Pichia farinosa No.115 Peptone 018 0.3 037 034
Meat extract 0.16 0.30 0.38 0.39
Corn steep liquor 0.20 0.38 0.41 —
None 0.15 0.25 0.31 032
Yeast extract 0.15 0.23 0.28 0.30
Pichia farinosa No.121 Peptone 0.16 025 032 033
Meat extract 0.15 025 0.3t 033
Corn steep liquor 0.18 029 037 039
None 0.08 0.4 019 021
Yeast extract 0.13 0.20 0.24 022
Candida rugosa LKB 6111 Peptone 0.12 020 024 022
Meat extract 013 0.27 0.28 0.26
Corn steep liquor 016 0.26 0.25 0.25
None 0.13 021 023 —
Yeast extract 0.18 0.24 024 —
Yeast No.62— 72 Peptone 0.16 0.23 0.24 —
Meat extract 0.21 029 0.29 —
Corn steep liquor 0.21 0.28 0.27 —

% Growth was indicated as OD of the culture liquid diluted 100 —fold with distilled water.



Table 8. Effect of ethanol concentration on the growth of selected yeasts.

Growth™ (OD at 430 nm)

Strain Ethanol
wt % After After After After After
2days 3days 4days 5days 7days
2 0. 15 0. 16 0.16
4 014 0.25 0.28 0. 30
Pichia membranaefaciens No. 304 6 0.03 0. 16 0.20 0. 26 0. 33
8 0.01 - 0.03 — 0. 09
10 0.01 - — — 0. 01
2 0.15 0.15 0.15
4 0.13 0.21 0.25 0. 26
Pichia sake form.aNo.101 0.03 0.15 0.19 0.24 0.30
0.01 — 0.01 — 0.03
10 0.01 - — - 0.01
0.18 014 0.15
0.17 0.26 0.27 0.28
Pichia farinosa No.115 0.11 0.17 0.21 0. 29 0.34
0. 02 0. 03 0.05 0. 08 0.13
10 0.01 — — — 0.01
2 0.19 0.19 0.18
0.18 0.22 0. 26 0. 30
Pichia farinosa No.121 0.09 0. 13 0.19 0. 27 0.34
0.01 - 0. 03 0. 05 0.11
10 0.01 - — — 0.01
0.15 0.15 0. 15
014 0.24 0.28 0.31
Candida rugosa TLKB 6111 0. 10 0.19 0.24 0.27 0.34
0. 02 0.03 0. 05 0. 08 0.13
10 0. 01 — — — 0.01
2 0. 16 0. 16 0.16
4 0.14 0.24 0. 26 0. 30
Yeast No.62—-72 6 0. 10 0.17 0.21 0. 26 0.33
0. 02 — 0. 04 0. 06 0.13
10 0.01 - — — 0.01

% Growth was indicated as OD of the culture liquid diluted 200 —fold with distilled water.
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Fig. 1. Effect of nitrogen source mixing urca and ammonium sulphate on yeast growth.
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sulphate into urea as nitrogen & mixed 109% of ammonium sulphate into urea as nitrogen

A mixed 20% of ammonium sulphate into urea as nitrogen



Table 9. Ethanol concentration and cell yield .

Ethanol concentration WV %

L 1 . 2 4 6
Strain
Culti- Cell Culti- Cell  Culti- Cell Culti- Cell
vation pH vyield vation’ pH yiceld vation pH yield vation pH yield
time hr. o, time hr. % time hr. Y% time hr. %

Pichia membranaefaciens 20 7.3 73.8 40 8.0 63.0 72 7.0 55.9 96 4.5 44.5

No. 304
P. sake form. « No.101 - 20 7.2 72.6 40 8.1 65.9 72 7.3 61.4 96 4.1 48.5
P. farinosa No.115 20 7.3 72.0 40 8.0 65.5 48 7.4 61.8 72 4.6 56.4
P. farinosa No.121 20 7.3 70.0 40 8.3 65.2 43 7.5 56.8 96 5.9 54.7
Candida rugosa LKB 6111 20 6.8 71.0 40 8.1 65.4 48 7.4 61.7 72 3.9 50.4
Yeast No.62-72 24 6.9 71.4 40 7.7 69.5 48 7.3 63.3 72 6.2 52.3
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TT% /) — ﬁP%Q%HTﬁJLTTMUwW%G% ~69% D EERE L2 2 T 5,
A, x5y - VEEEDESWVERRE O 2 BN, FIERE, FIEE DSk S 217
FkEHWTHREL 2, T.utilis K0Ty ) —VEIRENEL, 2~6 %D ¥ ) —VEH
WM CRIF A2 35 6 BtkOBERE 9 22 & AT & /2,

TINS5 DFRIRE N-Fkk T, JRXK, Corn steep liquor DRI WIIIFEREZE 2 32



EERD I,

Lal, EFREELTRELHV A LEBIZIVBOpH H LR L, MEEEOGR M
52720, WETCEZULERERLT, EFOREE . pH OZEMIZE XIETHE L
L,

BT > 2= AOFMEE, ERL LT 02%RENS5, 10, 20% & L, Iz~
PERBER G2 L1277, #RBFig L ITRLAEEBY, BEET Y T A 4R
F4 5 & REHEAIEAT, WFNOBKTL BB pH 3 ETFT L, £2206%0F
AL AELCEBLDOHBEN, ZRHED bkt pH QR E IZHEN B 5N =D 13P.
sake ThHo/zo LHL, MBET VE-TVLAERT AL, ML CEREA» 2L 25138
FERHESA I BB L 52 2EE A A 5N 72, 727 Yeast No.62- 720 B&13, pH O &1L
bbb L, REEAICHNTHET v B9 2BBAO L O H»TlE b 2 ATHEE 217
WEBEG5 27,

INBDZ LI, Yeast No.62-72LI50D 5 Btk DEERHL, T &/ — L REE L L 745
B, RERERD 7 VB AEBRICHANTHOMEO 20 CHBE BV L2 TLT
Wb,

Iy ) —ViERE LEHRHEORES (Table 9)» 5, T4 /=L 1 %3P, membranae —
faciens $73.8%, T4 / — 2 %Ti3 Yeast No.62—72#° 69.5%. T 8 / — L 4 %t
Yeast No.62—-72%%63.3%, £/T %/ —) 6 %TlEP. farinosa No.115456. 4%, %
NENDOLY /) —IVBETINS ORI LS VERIRE T L 7,

T8 b5 OB oL T I, BRI AR OE AL AL F
W, available electron, | ATP % EOBEE L6 &4 < AL 12> T b it
ENTW B, B BChBIbET8, T8/ —NEREE LABAOIEL 5 505
DEIKILEIITL 0% TH 2 & LT 5,

REBRTZ 5NZHEEM L SEOHEMALB T2 &, T4/ —VEE 1 %GR IIHT 5
P. membranaefaciens MIFAIFIZIF—FL TWwd, T8/ —VEE2~6 %125V
/= VBREDSVIEEENRELS, BRUEKRREL 272, ZORRO— & L THE%EH
NDLY /) —VOWEFEZ SN, BIRAHEEL L WEBAOEAERTOLY / — L DIERE
13, UBMOEET, T8/ N 1%DEE 3.7%, T8/ —N5%TIE 5.4%Ch -7,
Fo, A8BERIIRETIE, 24/ =L 5 %D E X10%IET 22 L 48D, 2N 5DIBER
EEEL, ERCBBIIE > CEBEsNAL Y/ — Lot 2EHENE T OT AL EIRL S
AREEISEDCLDERbN S, HBEEECHENIEE L COBEHEORITIIH SN 5,

3

B S

2 B
[FITERR 112 &%k, SRIAIE MRk 106 #R&AT 217 RO BERF 2 R E L, =8/ — L % R KE
ETHRMEHERCTTY ) — VAN MERORE LT 2 >/, T4/ - VELEOE



Btk & LT, Pichia membranaefaciens No.304 , Pichia sake form. « No. 101 , Pichia
farinosa No.115 , Pichia farinosa No.121 , Candida rugosa LKB6111, Yeast No.62 —
7200 6 WkkAEIRL /-,

N5 6 WIkDOBERIEIAIC b KIETERE, KREEBEL EDOMBARET U 72, KoRg%
HeE LTld, —f%1zCorn steep liquor 'k <, Candida rugosa, Yeast No.62—727C %

ML F ZDFIEHE S T M Tz, Corn steep liquor DIRIESE ZEMEIZ L - TRA Y
0.1%~0.2%Thole 5/ —NiEEIZ2~6 % TEHAEL 72, 8 %TI3EE A
FEh, 0% TRIELALEBRIRODSNE 57,

JRFE - BEET v T2 LRAEERELHOTI Y/ — VB THE LT 4 - 488, P.
sake form. a \3BEET » €= L5 %RE T, /-, P. membranaefaciens , Candida
rugosa £ & UYeast No.62- 721357 » £ =7 L10%ERATpH @ LE I HIs h, #
B OERAIEIIET2EEZ 5072, LA L, Yeast No.67— 72V /O BERF S C 12 7
YEZTVLDORMIEY, BROMEEZET S ¢ 2075 - 7,

TF ) =T AEREERINEER IR, =8/ =V 1 %EEH T3 Pichia membranae faci~
ens W13 8% TRLEL, T% /- N 2%B L0 4 %M Tl3Yeast No.62 - 724 % h Fh
69.5%, 63.3%, Frx1 ¥ /=N 6 %k TldPichia farinosa No.115456. 4% ¢, W4
NE RIFGHERE 212,
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