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1. Low Temperature Cooking Fermentation
Starchy materials(Corn.Cassava.Sweet po-

tato)

—— ground

K— water and c—amylase preparation
— cooked at 80°C for 5min

—— cooled

K— starter

35°C Fermentation

2. Noncooking Fermentation
Starchy materials(Corn.Cassava.Sweet po-

tato)

ground
water
starter

35T Fermentation

Fig. 2. Flow Sheet of Alcoholic Fermentation
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Table 1. The Characteristics of Haploid Sac-
charomyces diastaticus

Strains Genotype
708—7B a, argd, STA1

5206—4C a, argd, STA2

5206 —4CRD |a, arg4, his2, chy’, o=, STA2
5206—7D a, adel, metl4, STA2
5301—-17B |a, lys7, sTA3

C1372—5C |a@, met3, STA3

CB—3RD?® |q, arg4, chr’, o, STA1, STA2
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Table 2. Productivities of Amylase and Ethanol of Saccharomyces diastaticus Fusants

Parental strains Expected Productivity Amylase
productivity/
Fusant STA Ploidy» | Amylase | Ethanol ploidy
A B (107° units/ (107 pg/ | (10~ units/
genotype cell/hr) cell/hr) cell/hr)
708—7B STA1 1 6.50 1.70 6.5
5206 —4C STA2 1 5.83 1.79 5.8
5206—-4CRD STA2 1 8.43 3.17 8.4
5301—-17B STA3 1 6.56 2.44 6.6
5206 —7D STA2 1 5.46 1.81 5.5
C1372-5C STA3 1 6.21 2.13 6.2
BC-3 5206—4C |5301—17B |STAZ2,3 1.8 8.61 3.00 4.8
BC-5 5206—4C |5301—17B |STA2, 3 1.9 7.65 2.82 4.0
BB-3 708—7B |5301—17B |STAL 3 2.6 10.31 6.43 4.0
BB—-25 708—7B |5301—-17B |STAL,3 1.6 11.80 2.58 74
BCRD—3 {5206—4CRD|708—7B |STAl, 2 1.5 8.45 3.03 5.6
BCRD—7 |[5206—4CRD | 708—7B STAlL, 2 1.7 8.71 2.68 5.1
TS—-2 5301-17B |CB—3RD |[STAl,2,3 2.0 9.82 2.53 4.9
TS-3 5301—17B |CB—3RD |[STAl,2,3 2.4 10.01 3.10 4.2
DC—5 5206—7D |C1372—5C |STA2,3 1.8 8.50 2.82 4.7
DC—-8 5206—7D |C1372-5C |STAZ,3 14 8.30 2.60 5.9
Table 3. The Characteristics of Saccharomyces diastaticus Fusants
Characteristic Parent strains Fusant
IFO1046 [RD22—10| F-1 F-2 F-3 F—4
Cycloheximride resistance(ug/ml) <1.0 100< 100< 100< 100< 100<
Respiratory ability + - + + + +
DNA contents(mg/cells) 3.8 3.7 58 6.7 7.0 5.3
Cell volume(zm?®) 70~80 | 70~80 | 190~200 | 160~170 | 150~160 | 150~160
HYth. Abste] 2ufF AEY gl e 4u) M2 opdetopA] i YA oF 2uiglo

H NEE HE] 8T FE 2ABIAT.
<E 3> & F Yk vl T ¥
Fo AL Az RAstT glon, §339 DNA
Fe FZ9 1.4~1.94), AES) HHL 1.9~
2.6W12 Uepgith. ojglge A2 Hol ARo]
A8 F8FE A E AAHAT. £ FEF

o, AR G490 AT A AuAlziol ¥
F9 ok 0.7WE, Ay_EE7} #woh S, diast-
aticus®] A& LEFE F7HI717] YaiMe ofd
golAe A5 FAFH Foes ol P
H97] WEel ofdEopE Adse M2 &
(genus)o] ThE AR (WAR)T HEFHE 43
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Table 4. The Characteristics of Saccharomyces diastaticus IFO 1046, Strain 220 and Strain 251

Characteristic Stfam -
[FO 1046 Strain 220 Strain 251

Meletitose assimilation Yes No No
Amylase isozyme Amylase 1, 2(STA1L, 2) Amylase 2(STA2) Amylase 2(STA2)
Spore formation Yes No No
Claster formation No Yes Yes
Amylase productivity Low High g,
Mating type a/a a/a a/a
Ploidy Diploid Diploid Diploid
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and Plasmid YCpGSTA1
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Table 5. Clucoamylase Activity in the Culiture

Supernatants
. |without () |Gy
Host Plasmid G418in YPS lase R
medium actvity
YNN 27 | YCpG11 - 0
YCpGl1 + 0
YCpGSTA1 - 0
YCpGSTAl1 + 0
[FO 0565 YCpG11 - 0.2
YCpGl1 + 0
YCpGSTAL| - 79
YCpGSTA1 + 12.2
S 341 None - 0
YCpGSTA1 - 2.9
YCpGSTA1 + 3.5
B 109 |None - 0.1
YCpGSTA1 - 14
YCpGSTAL1 + 3.1

* Activity is expressed as 0.01uM of reducing
sugar formed per mg protein per min. reac-
tion time at 50°C.

A3 3= S. cerevisiae YNN 27, S. carlsber-
gensis IFO 0565, Wzg% S 3413 B 109%c}.
ol ang % EgAme YCpG 11 STA1S
AHEste] AR A4S FYPsAT. <
5>04 & 4 Q= ulelzo] S. carlsbergensis
IFO 0565, S3413} B10932] Ztztel FAALR|
A} wiz)doll S5 olhjolA]] EHol HEH
Atk Eetan| =9 HYSE 5] G418 H7ls)
o wjFIIAE AF AP o2 F3 TS e
WA o G418 EA7} fARe] W@ 43
A AL o}, STAIRAAE Ad HFER
S3413 B109€ AHgste WEtgg £y 2
ARE <F 6> Uehhgl. <E 6> &
T Ue HieiEe] A A o) BEH A
de sFHt F2E0] Aon, Hagd g8
of oaf o] &8 289 H(FEE)E T0%7 d
E EETE Ut 5, BagdFe) W

& AFo BE, dAEHO] FOo &30 3
FAABA M= 0% AL FHE JeiH
o|9}Ze A= DNAMZF 71HE ALt

oM urh TFEFS Ad WFEEe 43|

Table 6. Comparision of Extracts in Beer Fermented by Brewing Yeasts and Their Transformants

) ) Original extract, % | Extract in beer, % | Fermentation rate, %
Strain Plasmid
(A) (B) (A-B)

After fermentation at 12°C

S341 None 12.46 3.64 70.8

S341 YCpGSTALl 12.38 3.42 724

B109 None 11.91 5.08 57.3

B109 YCpGSTA1 12.17 3.42 71.9
After fermentation at 12°C and 25°C*

S341 None 12.46 3.69 70.4

S341 YCpGSTAl 12.38 3.22 74.0

B109 None 11.91 5.18 56.5

B109 YCpGSTAl1 12.17 3.01 75.3

* Fermentation was carried out at 25°C for 6 days after fermentation at 12°C in order to exhaust

the fermentable sugars.
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Table 7. Strains of Saccharomyces cerevisie
Strain Remarks
TJ1 Flocculent yeast isolated in Thailand. Homothallic diploid.
K7—-64C Derivative of strain Kyokai—No. 7 stocked in National Research Institute of Brew-
ing, Japan. Used in Sake brewing.
Non Mater. No spore formation.
K11 Stramn Kyokai—No. 11 stocked in National Research Institute of Brewing, Japan.
Used in Sake brewing. Slight formation of spores.
N1 Isolated form mash of Awamori(QOkinawa split) brewing.
Table 8. Characteristics of Parental Strains
Formation at 40T Production
Strains Ploidy of Genotype of
ascospore Growth | Fermentation | off-flavor
Kyokai no.7
- 2 - Bal/fal* + + -
(S. cerevisiae , sake yeast)
1031R—-2
. , 2 + ade/ade ++ ++ +
(S. cerevisiae ; wild yeast)

% required Ca—pantothenate at 35°C in f—alanine medium
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Table 9. Ethanol Production of Fusants and Sen-
sory Evaluation of Off—flavor of their

Fermented Mashes
Ethanol conen.(% )*| Intensity
Strains M : of
medium |Corn grits off-flaver**
(Parents)
Kyokai no.7 3.9 3.3 1.0
1031R-2 6.1 6.5 3.0
(Fusants)
AM1 5.1 6.8 3.0
AM2 3.5 3.9 2.0
AM3 2.8 4.6 3.0
AM4 4.1 4.9 3.0
AM5 3.7 6.7 3.0

% 10° cells were incubated in 100m! of YM
medium(yeast extract 0.3g, Polypepton 0.
5g, malt extract 0.3g, glucose 10g, 7.5%
lactic acid 0.7ml, distilled water 100ml, pH
4.5) or corn grits suspension(corn grits
20g, commercial amylase preparation 0.04g,
75% lactic acid 0.46ml, distilled water
100ml, pH 4.5), and fermented for 4days at
40°C. Corn grits were not cooked.

% * Intensity of off-flavor was assessed on a
three point scale from 1(weak) to 3

(strong).
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Table 10. Ethanol Production of Segregants from AM2 and Sensory Evaluation of Off —flavor of their

Fermented mashes

) Ethanol Intensity of . Ethanol Intensity of
Strains Strains
(%) off —flavor (%) off-flavor
Kyokai no.7 3.3 1 AM2-16C 3.1 1.7
1031R-2 6.5 2.6 AM2—-17B 6.0 1.8
AM2-3B 6.3 2.0 AM2-18C 6.0 1.7
AM2—-4B 5.8 2.0 AM2-19C 3.9 1.9
AM2—4D 5.6 2.0 AM2-19D 6.1 2.4
AM2-5B 5.1 1.7 AM2-20C 34 2.3
AM2-5D 4.8 1.9 AM2-20D 3.2 2.1
AM2—-11D 6.0 2.2 AM2-22B 2.9 1.6
AM2-12D 2.6 1.6 AM2-22C 6.4 2.2
AM2—-13B 4.5 2.2 AM2—-23A 44 2.1
AM2-15C 5.5 1.8 AM2-24D 4.4 1.7
Medium, Uncooked corn grits 20g, saccharifying enzyme 0.04g, and lactic acid 0.05ml in 100ml dis-
tilled water
sl 4% Az BE W9 vlEH BHIME AL YArg Folt Aol TF5deh((357.2
2 ARSI Gt 2El 530 BES. ol ke/ion). 1 S5 B AEAA 3] Al
22 a9 {Foe AHYo| olgHey HF golo] ojul Aty Yoty Alo] glom|, A
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o 2 ¥ 15ColA 7-1097 BAgh 1 ohg
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Table 11. Comparison of Physiological Characteristics of Parental Strains and the Fusant. PN13

S. cerevisize Kyokai 7| K. lactis T396 PN 13
Fermentation
Glucose + + (week) +
Lactose — + +
Vitamin requirement
Ca-Pantsthenate + - -
Nicotinic acid - + —
Ethanol tolerance(10%) Positive Absent Absent
Growth on high sugar
concentration meaium( >>25% ) Fast Slow Fast
Cvelohevimide
] o . Absent Positive Absent
resistance(u.tmg/1m )
Cell size 4~6pm 2~4um 2~64m

Key : +, fermented or required; %, stimulatorily required; —, not fermented or not required.

Table 12. Comparison of Growth and Ethanol
Production of Parental Strains and
Various Fusants

Each strain was cultivated for 7 days without
shaking in the following media; 25% lactose
YEP medium for the fusants and K. lactis T396,
and 25% glucose YEP medium for S. cerevisiae
Kyokai 7.

) Growth | Ethanol
Strain i )
(g/liter) | (g/liter)
PN13 5.8 434
PN17 2.7 20.3
PN41 31 18.0
PN45 2.6 21.2
PNA13 2.7 17.1
PNAI18 2.9 22.2
PNAZ4 3.1 214
K. lactis T396 3.0 321
S. cerevisiae Kyokai 7 5.4 89.3
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Fig. 4. Time Course of Fermentation on Glucose.
Each strain was cultivated in 25% glucose
YEP medium without shaking.

O, S. cerevisiage Kyokai 7; @, K./actis
T396; O, PN 13.
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Fig 5. Time Course of Fermentation on Lactose.
Each strain was cultivated in 25% lactose
YEP medium without shaking.

O, S. cerevisiae Kyokai 7, @, K./lactis
T396; @, PN 13.
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