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Studies on Continuous Alcohol Fermentation

(II) On the Fermentation Conditions for Obtaining High Levels
of Viable Yeasts '

Shigeyoshi Nishiyama, Yoshio Irie and Tomio Imai

(Central Research Lab., Godo-Shusei Co. Ltd., Matsudo, Chiba)

In order to obtain a steady state of continuous alcohol fermentation in corn mash sac-
charified by liquid black-koji, it was necessary to keep high levels of .viable yeasts, as
reported in previous studies.

In this study some fermentation conditions, which were assumed to be closely related
to a viable yeast levels, were tested in batch fermentation.

Fermentation temperature, fermentation methods, yeast strains, kind of medium,
sterilization of medium and pH were examind. All these conditions influenced the levels of
viable yeasts.

Among these conditions, pH of medium was assumed to be the most important factor.

In order to keep pH above 4.0 addition of supplements, such as CaCO;, K,HPO, or
urea, was found to be most effective, because it could protect pH of mash from decreasing.

Appling these results to continuous alcohol fermentation using a two vessel system with a
2L-Marubishi jar fermentor, high levels above 90% of viable yeasts could be consequently
obtained at a steady state for about 500 hours using both yeast MIN-4, which was screened
as the most suitable rate for continuous alcohol fermentation, and yeast Hakken-No. 1,

with which it was most difficult to keep high levels of viable yeasts in batch culture.
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Fig. 1. Influence of fermentation method on viable yeast level, numbers of total yeast and sugar
utilization in corn mash saccharified by liguid black-koji. (1)
O ---total yeast ®---reducing sugar, as glucose x ---viable yeast
Fermentation method A; stationary fermentation, B; shaken fermentation (150 rpm)
Medium; corn mash saccharified by liguid black-koji, Strain; alcohol yeast H-1, Ferm. temp; 30+1°C.
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Fig. 2. Influence of fermentation method on viable yeast level, numbers of total yeast and sugar
utilization in corn mash saccharified by liquid black-koji. (11)

O ---total yeast ® ---reducing sugar, as glucose x ---viable yeast
+---pH 0---acidity

Fermentation method A; Heikdé Fukuhakks, B; Tanko Fukuhakko
Medium; corn mash saccharified by liquid black-koji
Strain; alcohol yeast H~1, Ferm. temp.; 30+1°C.
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Table 1. Influence of various yeast strains on viable yeast levels in stationary or shaken
fermentation.

Division Stationary fermentation Shaken fermentation

hr 63 111 41 97

Analysis x| ¥ 2 ~ % . 12 ~ . 2 ~ £z ~

, S EElw |9 | FE Y 8| REEG|E|» ZE Y

Strain O|» |~ | O S R Ol e = g - Ol g g -
Alcohol yeast H-1 0.59 18 { 3.9/0.56{0.57) 7 | 3.8l0.29)0.88 63 | 5.([0.52/0.91] 2| 4. 1'0. 31
Moclasses yeast No. 396 |0.67] 76 | 3.9/0.590.65 26 | 4.1/0.34/0.93] 95 | 4.50.88/0.S5] 62 | 6. 8‘0. 87
Wire yeast OC No. 2 0.74] 60 | 4.30.64/0.74] 26 | 4.2(0.32]1.01 80 | 5.2/0.55/1.03] 68 | 4.7/0.23
Beer yeast No. 25 0.61| 98 | 3.4/0.73/0.7C| 87 | 4.2/0.60{1.00 99 | 4.6/0.82/1.00 95 | 4.6/0.78
Sake yeast Kyokai No.6 [0.61] 83 | 4.3/1.07/0.66] 44 | 4.2(0.420.92 97 | 5.2(0.90[0.62| 70 | 6.¢0.90
Sake yeast Kyokai No.7 [0.69 67 | 4.4/0.51/0.62] 6 | 4.1/0.40/0.96; 91 | 4.7/0.91/0.98] 44 | 6.00.86
Schizosacch. mellacei 0.75| 58 | 4.6{2.08/0.77] 38 | 4.6[0.33(0.96{ 97 | 4.5{0.483/0.6 27 {11.2/0. 25
Schizosacch. pomte 0.77| 60 | 4.21.890.8%| 47 | 4.1}0.33!0.71] 98 | 5.0/0.68!0.73 83 | 9.7/0.25
Isolated yeast KN-29 0.70| 70 | 3.9(0.58/0.66| 15 | 4.2/0.39(0.94] 92 { 5.2/0.88(0.95 40 | 7.20.88
Isolated yeast MN-4 0.74} 50 | 3.9/0.84/0.74] 29 | 4.3/0.24{1.0C| 98 | 5.2/0.58/0.97| 72 | 6.6/0.25
Isolated yeast RN-51 0.82) 86 | 4.0/0.68/0.7¢| 81 | 4.1}0.35(1.19] 97 | 3.8/0.98/1.11| 5 { 3.4(0.98
Medium; corn mash saccharified by commercial enzyme preparation, Ferm. temp.; 254+1°C

*Q.D.; absorbancy at 530 mg of 20 times diluted mash, **V.Y.; viable yeast (%)
*#*R.S.; reducing sugar, as glucose (%).

(1) EETHLIEEEHRA ¥R AE Table 2 [CoRd. FH MO pH #355.30TH 50 TESHE
¥t d pH & 5.28 ICHIIE U7, TR T %O viable yeast % D4 4 2 ICEH K4 05111 B i236%
ERLBWVEETRL, AROKEESTHERAKSTOEON. L LERTHELRBEMXMEI 8 BEIENEL
i?‘fl__\‘é 72173 -7z,

Table 2. Influence of the kind of medium on viable yeast level, numbers of total yeast
and sugar utilization. (I)

Composition of medium

} oH Brix Acidity (ml) ’ RS.
Corn mash 5.28 16.6 2.4 14.77
Wort 5.30 17.7 5.0 12.29

Analysis of fermented mash

hr 39 63 87 111
Ratio of * Fok| ook
com . yor | TY | VY RSTTY. VY. RS | TY.| VY| RS | T.Y.| V.Y.| RS
mash ~
1: 0 52| 93| 63| 98| o4 | 1.3| 98| 64 | 10| 72| 8 | 07
11 120 93| 24| 180| o1 | o8| 172 72 | 0.6| 144 | 34 | 0.5
0 : 1 108| 100 1.8| 168 | o1 | 0.8| 162| 92 | 0.7| 152| 36 | 0.8

Medium; wort or corn mash saccharified by ligu'd black-koji was used in the shown ratio.
Fermentation condition; stationary, Temp.; 30£1°C, Strain; alcohol yeast H-1.
*total yeast (X 10°), **yiable yeast (%), *##*reducing sugar, as glucose or maltose (%).

2) EEREEIEEREAEN CoERIZ Table 3 1T/RT T & S EMEAEME RBIER AR LK.
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Table 3. Influence of the kind of medium on viable yeast level, numbers of total yeast
and sugar utilization. (II)

Composition of medium

pH Brix Acidity (ml) R.S.
Corn mash 5.20 16.0 2.5 14.50
Molasses 5.30 24.0 2.2 15.90

Analysis of fermented mash

hr 28 50 76 100
Ratio of * Sk stk
Cornh . molasses TY.|VY.|RS.|TY.| VY. |RS.|TY.| VY.|RS. | TY.| VY.| RS
mash -~
1 : 0 40 92 | 10.2] 100 | 85 3.7 70 | 56 0.7 70 7 0.4
1 1 85 98 7.9 120 ) 80 2.2 100! 50 0.9 100 ; 38 0.9
0 : 1 50 90 5.8 110 | 97 3.8 90 | 80 1.3 90 | 84 1.2

Mixed medium; molasses and corn mash saccharified by liquid black-koji.
Fermentation condition; stationary, Temp.; 30+£1°C, Strain; alcohol yeast H-1.
*total yeast (X 108), **viable yeast (%), ***reducing sugar, as glucose or total sugar, as glucose (%).
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Fig. 3. Influence of pasteurization of medium (100°C 30 min) on viable yeast level, numbers of
total yeast and sugar utilization.
00O -total yeast ® @ ---reducing sugar, as glucose x @---viable yeast

non pasteurization ~ — - — pasteurization

A; Tanks Fukuhakko B; Tanks Hakko

Medium; corn mash saccharified by liquid black-koj:

Strain; alcohol yeast H-1, Ferm. temp.; 30+1°C.
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Fig. 4. Influence of fermentation temperature on viable yeast level, sugar utilization and numbers
of total yeast.

Fermentation temperature; 25+1°C
O ---total yeast @ ---reducing sugar, as glucose x ---viable yeast + ---pH
Fermentation temperature; 30+1°C
©:--total yeast ©®---reducing sugar, as glucose ®&---viable yeast @ ---pH
Medium; A corn mash saccharified by liquid black-koji
B corn mash saccharified by commercial enzyme preparation
Strain; alcohol yeast H-1, Agitation; 110 rpm, non aeration.

T pH  Viable yeast % DERICETARFD1 2L LT pH %X N30T, £OEBAET 7.
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(1) #:i0 buffer action [CH&IF T EM supplement OXE  Buffer action D#lEII AL M-32
pH %L, sample 20ml j¢ N/10 HoSO« % 7243 N/10 NaOH %f0% pH OBBm LD 8 Z&IL L x107°
THERLI.
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EA RO AR T L B S B (RE 42—+ AL BRUI VI ¥4 &) THEL L IcEE Foi 8
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TENRFNED B ARL, INARMTICEickDEMD pH % 4.0 BUTICETT 204 &M TX
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Fig. 5. Relation between buffer action and supplement in different corn medium.
@ ---control (no addition) x -+-CaCOQOs ®---(NH;).CO n--K:HPO,

Medium; A corn mash saccharified by liguid black-koji
B corn mash saccharified by commercial enzyme preparation
Weight % of added supplement; 0.5%.

(2) Supplement HNBASEER i 5 buffer action OEHNIcERIEBbHNS supplement AL
BB D R RERZ T viable yeast ICRIZTRBICOWTHRET L. CO#R% Fig. 6, Fig. 7 iTRT.

TR IIE XS & b—RITE viable yeast % AR LD THI L, 4085 E D S0 E D b Do
THEOEBAERR L. HMLXUBOHRTEL, BABEBIFR -HRY —4 - #BB1H ) va YRS
YEENEN 0.5% HRiNLUICXS BNBROERMKS & I3I2E— viable yeast % DETZE RLACTEXD
supplement * U TORIRIZIFZEAEEDONLED -7z, X SICGEBBREKRINXS Tl viable yeast % D&
THEMNAEL, 60BMHEICIE 1~2% LBVADKERERLI.. RRICHBEBTY Y E=U L4, BERHILVY T AR
IMCE->THREBETHRED SN, LrLEE2 ) v A, REI VYL (£hETh 0.5% &L, Vv~
ZAK (0.05% #iN) K4 T3 supplement & U TORIRSEED SN, il 2 7Y v A5MNKX5 Ti2908s
B ® viable yeast % |3 50% ODEARLc. L U2 4 Y v 22BN CEEOBBLEER, 40EHE
IC1.2% OEREED DS -1 E XD MORPICHENTENELBLXOCRZT O, ZAERERLVER
75 supplement & U CHREEH VY T A - B2 4 ) U 22 L OA . 108V —F AR buffer action 255
FhR 2T, hfticky pH OIET AR, viable yeast % 25 RoDIAREBbhi.
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Fig. 6. Influence of various supplements on viable yeast level and sugar utilization. (I)
@® ---control (no addition) ®---KH:PO, O ---powdery yeast extract
x --:NaNQO; O:-poly pepton 4 ---calcium perphosphate
viable yeast - - — - reducing sugar, as glucose
Medium; corn mash saccharified by commercial enzyme preparation.
Weight % of added supplements; 0.5%, Strain; alcohol yeast H-1
Ferm. temp.; 30+1°C.
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Fig. 7. Influence of various supplements on viable yeast level and sugar utilization. (II)

o - K,HPO,
®---Ca(PO4).HO

viable yeast

x -+-(NH,).CO
3---CaCOs

A ---soda lime

@ --(NH.).HPO,

- - - - reducing sugar, as glucose

Medium; corn mash saccharified by commercial enzyme preparation.

Weight % of added supplements; 0.5% (except soda lime),

Strain; alcohol yeast H-1,

soda lime; 0.05%

Ferm. temp.; 30£1°C.

REBANS O LAOBERNE  KEBREREZ Fig. 8-1, 2 RT. 0.2% RN 1iT buffer action
OEMHED S, BEHETHRD viable yeast % bEd - 72,

R LEBRRIER OV ORERNIRAOCT VI - 1.2RESTHOLEL, REHNVY Y ARNBOR
cED 7 va—VAERIZ 6.9~6.8 FERBICHBLT AENERT CETHS. WAIKRMBIZNES/NR
KBXZBTEBFELEDNS.
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Fig. 8-1. Influence of CaCO; concentration on Fig. 8-2. Influence of CaCOs concentration on viable
buffer action in mash. yeast level, sugar utilization, acidity, pH and
®---control (non) ®--0.1% x--0.2% alcohol production.
AN--0.3% 0---04% &---0.5% ® ---reducing sugar x---viable yeast + ---pH
Medium; corn mash saccharified by com- O ---acidity 03---alcohol (volume %)
mercial enzyme preparation. Medium; corn mash saccharified by commercial

enzyme preparation, Strain; alcohol yeast H-1

Ferm. temp.; 253-1°C, Ferm. time; 75 hr.
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SCHE 7. Fig. 9. Influence of K:HPO: concentration on viable
. yeast level and other analysis values of
1D MN-4@%R \?‘:ﬁ:% [EISH I B fermented mash.
jﬁﬁ@i@ﬁﬁk;?ﬁ%%ﬁ;ﬁ& %ET< ﬂ,_@ ©®---total yeast @---reducing sugar, as glucose
kit % viable yeast % HEFHWEEZRL +---pH O---acidity O---alcohol (volume %)
7o MN-4 B2HOCERBE LTS -/, T x -+-viable yeast
B4 Fig. 10 10RT Medium; corn mash saccharified by commercial

enzyme preparation, Strain; alcohol yeast H-1

1 t 5 AR
Supplement & L T {3 IS ERE T RUBAE TR Ferm. temp.; 25+1°C, Ferm. time; 75 hr.

LIEMCOERLEBIRBAINVY Y LB IUR
FREBURMLL., $HBECpHBEDADYRETAS 72HIC 10% NaOH B & Bz, 25D supple-
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ment (355 1B LTOATIRN, EINEIR 0.2%
&L, pH 5 4.0 UTIETT 2 DA
AINIREHRIZ A B AFRT O B & 1% 6 B D 2 [T
fT7 572 L LT feed rate {33 90ml/hr T,
BB IHE 1T 240~280x10%/ml, 452 iz
360~400X10°/ml Z7RL, EHIREHNM 218 HIich
o THRONT., T8 1 MOBREES ICIIESET)
WHEONDH, F2HOEERS T 0.2~0.3% T2
HRIC K DA SR LoD T & ST & 72, supple-
ment RAARIHF O viable yeast % 1381, 452
EHII~100% AR L, WTNOSHED S & supple-
[IREBREBRONIE D - 7. 1212 LR
PRk %220 B & X U23H B 2 B R supplement D
MEATIE DN 572 E 0 A, BFEEIZET N =
JRL viable yeast BT L, RERHCERESES N
L7®D T supplement DR SHRINI-EDEEZ
5Nd. FIZRMO—RSIER%E Fig 11 1R,
97245 supplement OFEMIC LD 7o a—u4r 8.5
~8.8 %58 %, pH 4.1~4.4, BEEF 2.8~3.2, M
43 0.2~0.25% DFHAN TEEREREB LN D © &
b s

2) RB No. 1 BERVIBE ESEEch
% BRI HEGABRORE R B IR L0 0 R
No. 1 BIC DWW TR TBREITIE 572, < DRE%
Fig. 12 |z/R9.
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T 90~94% D level 275, REHES, BEE
B EBMBLIEEFERENS Oh. #1308 H
ICEEHIZ 3 50> U pH AMIE Lo b DIz 72 &
25, H1EORERES M 2BEM LT 6%%7R L
fo. THIZUEED feed rate ITK X1 E D - 7o
TEBIUB O UMD pH % 10% NaOH %
WK CHIE L 7B, 5o pH % E A (pH 5.1~5.3)
&—H L, 100C 2043 1 EIEBE Tk D B/ E OEEIT L
BHEINL, EHEERTIBRESNZOTHED
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Fig. 10. Time course of two stage continuous
fermentation in saccharified corn medium
with addition of supplements. (I)-1
(@ ---batch fermentation @---1st fermentor
@®---2nd fermentor

Medium; corn mash saccharified by commer-
cial enzyme preparation

Strain; alcohol yeast MIN-4 (isolated newly)

Ferm. temp.; 25+1°C.

*each supplement of 0.29% was added to only
1st fermentor at intervals of 10-20 hr.
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Fig. 11. Time course of two stage continuous

fermentation in saccharified corn medium
with addition of supplements. (I)-2
@ ---reducing sugar ([J---alcohol (volume %)
O--acidity A--brix +---pH
Medium; corn mash saccharified by commer-
cial enzyme preparation
Strain; alcohol yeast MN-4 (isolated newly)
Ferm. temp.; 25+1°C.
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Fig. 13 {TRT LD IKKRE—EL T, RHDLT 50
raA—u5) 8.7~8.9 KB, BB 0.2~0.3%, DN
pH 4.0~5.0, EEFEF 2.5~3.5 TdH Y, Fig 90ml/hr 7 100
O feed rate T2HRICKOBRDRELIBHBSE  JF o
2D B T EBTE . g
75 supplement ZFHMNT 3 ik, TR 53
LT 0GR No. 1 BEEML, 2 OBBORH L 53
ST OERRERER O SAT ORI % EE
U ERRE A TTI8 5 C LT E D TH B =2
E # 3
ERTRCBE B LT 7 v 2 — 0 O SR 41 “5g
38R E TS viable yeast OERICHET LS Eé = 40 Feed rate
PRI DV TR LRI 2EDTEL ThH 5. 32 o )
1 5B E Y B N R R
1) BESEC LU RBEED BAICE, MEO  [chor Sy
growth, HEOWEEL EbICT TR, viable o — —
veask %5 DI TGRSR Lo e mentao o o v o conimicus
?) BTHEEHCLLGHTEEROBA I, BE Tith additon of supplements. (11)-1
@ growth % LU viable yeast % #59 ¢, #iC ‘éZ?lcf ferti;r::tr;tratlon @ ---1st fermentor
viable yeast % DENKTEH - 7-. Medium; corn mash saccharified by commer-
3 BRIORE 8 b FE b4 L 7KRE DR Steams woohel venet o1
B3HEROTRRLIE C5, BEEEEORMEE: Ferm. temp.; 25+1°C
b DIEFHE T HO viable yeast % (1<, M e o on at naserie a2 30550 1o.om
BLEEE DM OEHRHC LS - BTER LT VDS **¥10% solution of NaOH was added to the
i medium and adjusted its pH before the
WEHTH-7. #HiF No. 1 HizgEICET S ELE fermentation.

bivtc. U UT BEEEE DL & viable yeast

% b HEINF VB S LT OC No. 2 B X UEE g L[ i U
D45 L7 MN-4 BEi%RIR L 12, § 8t
4) FETELETREHPREEICH LB R IR z 7
%% viable yeast % DETARZIZELL, FH R 3
TLHE 20, FEEEE 111 KRATEE L 5[ TN e 3
viable yeast %DETF ASBH LT & 7=. E 417 = {04 g
5) SATHREE, BASEMOThOBACTHES 2 3 M_/’ 033
€, = . - -43 \,4—/_\_‘/ 5
EBET DL viable yeast % EETI#5 K ICE 2 2 023,
k. T o 015
6) BFLEICOLT 25C BXU 0C OFAE  F O emereemawa =0 3
Q
H# Ui & ¢ A, viable yeast %, BERFD growth, -0l 3*5 7 9 1 * 13 |'5 7 19 o«
FOBBELE HIC 265°C KHOHHT SN, KicEes Day
OHBRBICFDEBK XL Bbhi. Fig. 13. Time course of two stage continuous
) fermentation in saccharified corn medium
7) WA TRL L e BEA (RS2 —4 with addition of supplements. (II)-2
AL, 7794 8) TRLLEESRC L 3 Tedcing sugar, O -aloohol (volume %)
T, 5@ buffer action ZE 3 DICHE 7S supple- Megiiltxm; corn mash saccharified by commer-
- . i . cial enzyme preparation
ment ZEAIE LD, BAHMIC LD ERDEL, Strain; alcohol yeast H-1
REBANY D LBIUHER2 A Y O a8 ESTHE T Ferm. temp.; 25+1°C,
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Ebhote. L LTEOBBERMERZIICH 0.2%TH - 7-.

TR +2, RURT v, BEEY —4, BBBAOK, BB7 v e=v L, BlHLY Y LIS E
HEBbhte., —FREBLUH A4V —F, L5V VY — £ AKIT buffer action OINICIZHEL TITIE D8,
B pH OETHEREL 2 0EBbNS. LHLT pH OETAEHE pH % 4.0 LilhicEoc &
viable yeast A& #FT A DIcEEBbn:.

2. ENEBICEZREHEREZIGH L, SO SRR T EE LTEIRLA: MNA BEXU0R LT
ToREB L PTORV No. 1 HEHWVEGEERLTE-/cECh, WThOEATS 90% LI L-DO&EL viable
yeast %AEMFET 5 ENTE, BHithiz > T, feed rate OZEBNCHIG LI EFRENE LN,

KOS REEBRIIMERE LB D > AR ERERSHBESCE{MABRETEs. LaREOBEEEL 50T
U S ARERIEOVCEEZCH U THEEYRDUET.
ZHEDEF I HABE T FLMAAFERRLTREL .
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