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Background/Introduction

1n Thailand and other LLCs alcecohol distilleries are
small and scattered all over Lhe couniry. it is being
considered as one of the tew local agro-industrices which
has cconomic impact on the community in terms of employment
and utilization of local raw materials, since 5-80% of
the production cost comes from fraw material. From our own
in ostigation and personal communication with local alcohol
distilleries in northeastern and southern  areas where
frosh winber 1s scarce ond brackish water is used in o Lhe
maching process, termentatron procecds slowly and etficicney
is reducd by about. halt. Thiy Is diee Lo many complications
auch as the intolerance of Lhe yeast strain employed to
high satt concentrations which sodiun chloride is included,
and Lhe high salt concentration of the brackstrap molasses
itacli. the combined etfects of which are detrimental Lo
termentation activitices, The inhibiting cifect  on yecast
growth enahles other microorganisms present in the mash to
ovar grow and retard fermentation by weast, since the main
mash 1 unpastourized.

T solwve such problem of alconol distilleries improve-
ment. of yeast strain cmploy in mashing process Lo be halo-
tolerant, veast is one promising method. Protoplast fusion
technique is o novel technique in constructing hvbrids
ol microbial strains currentiy used in industry, especially

for veasts. Athougts the concept. and techniques are well known,



hybridization of yeasts from the two distinct characteris-
tics of halotolerance and high ethano! production has not
yet been reported.

Protoplast tusion has proved to be a4 highly efficient
procedure for accomplishing genetic recombination  in
microorganisms, including yeast. Successful fusion has been
reported in many industrial strains of yeast, for example,

oy Spencer ctoal. (1980) on Saccharomyces  diastalicus,

which improved starch hydrolysis ability. Wilson ot al.
(1982) obtained hybrids from Schwanniomyces alluvinus and
sacchromyces wpp. which terment. starch directly to ethanol.

Morishita and Yamagueho (1983 fased Torulopsis hplonitra-

tophitla, o calt-tolerant yeast which required vitamins for
arowth, with Protothcea zopytins, o seolt sensitive fungus
and obtained o hybrid which grow in 1.5 M NaCl and did not
require vitaming for growth. Limtony et al. (1983) obtained
high cthanol producing and tlocculated hybrids  from o
tlocculated strain of 4. cerevisiace isolated in Thailand
and anoandustrial cthano!l producing strain from Japan.

Halotoierant yveast, o kKind ot osmophtlic yveast, is
usually present in various kinds of fermented food wheroe
high salt concentrat ions are used in the process, such asg
soysauce, mito ctes Predominant trains usually found in
these products are S, rouxii which can tolerate  20-22 %
sall concentration (Lee and Lee, 1978). However, Lhe effj-
ciency of alcohol fermentation by these strains is very low;
5. rouxic var. halomembranis, for examole, produced only

1.9% cthanol in the presence of 18% NaCl and 3. 2% without



salt (Onishi, 1963). Yamagata and Fujita (1970) isolated
and identified several strains of  halotolerant  yeasts
varied widely between 0-22% NaCl. Wickerham and  Burton
(1960) reported heterothallism in 8. rouxii, and various
straing of this species are either diploid or  haploid
wilth obposile miating types. Heterothallism may be useful
for the purposce of mating desirable strains of opposite
mating Lypes by conventiona! method. Mori and Onishi(1967)
were sucesclial dn breeding twe straing of S. rouxii and
obtained o diploid hybrid of high satt Lolerance. Dhevahuti
CLY7HY investigated 5. rouxti infermenting soy mash and
found that this species was involved in soyaavee fermenta-
tion in Thailand as well. A single mating Lype was proe-
dominant in most ot the soysauce factories in Bangkok,
witile oppositbe mating Lvpe was isolated from only one
sample in Uthai-Thani provincee, norih of Bangkok.

In the tirsl six months (August, 1986 Lo Mebruary, 1986)
133 straing of halotoierant. veasts had been icolated from
various sources of brine fermented products, products of
high salt o cugar content and molasses collected  from
different parts ot Thailand. Two hundred sixby one sbtrains
from 697% strains obtained from stock yeast cultures showed
abilily to grow on salted molasses medium were considered
as halotolerant yeast and are being included in saereening.
Six trom vine straing of yeast for industrial  ethanol
fermentation produced more than 8% by weight of ethanol in

molasses medium, al. 35°¢ were selected.



In this reporting period, some additional samples were
collected and isolated for halotolerant strains. All halo-
tolerant. veasts obtained in last and this reporting periods
are being screened foc potenlt halotolerant straing Lo be
used e parent. for protoplast fusion. The gcereening  is
being divided into 2 aystems. First (s Lo obtain strains
Which can ferment cthanol ot biigh rate and yvield in 9 %
soditan chioride containing molasces medium. Sceond is to
obtain halotolerant straing which can grow in high con-
centration of ccdiuwm chloride, 17 o, although ethanol
productiion o relatively low, And & strains ol veast. for
industorial crhanol ftermentat ion weroe sorecned i molasses
medium without and with sodium chloride tor highest ethanol
producing strain to be used as another parent. for proto-
plast fusion.

Objectives

Overall objoectives

The project. ts aimed at constructing a new hybrid
from two different foundation strains,namely halotolerant
strain and on indusirial cethanol production strain, through
a protoplast tusion technigque. The halotolerant. strain of
S, rouxii, currently used for termentaltion of  soysauce |,
which tolerates salt concentrations over 18 7% bull produces
low elhanol concentration (usually less than b% V/V) will
be used an the parental strain. The industrial aleohot
production strain, 5. cerevisiae, which can terment. cane
molasses at high rate and produce high ethanol concentra-

tion will be used as the other parental strain. the hyvbrid
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from both strains mentioned will incorporate the charac-
Leristics of producing high cthanol concentration in high
salinity molasses mash, due to recombination of desirable
charactoristics trom the parental strains. ‘This result is
Impossible by conventional mating techniques because the
parental straing required are from ditterent yeast species,
but a protopfast fusion technique can be used successful ly
for the combining of two diftferent species . a5 veportoed
by many authors. the performance of new hybrid strains
obtained will be tested under taboratory conditions.

FLobs expected Lhett the selected hybrid witl be used
for industrial alcohol production, ecspecially for distill-
vries where brackish water or high salinity well water is
the only available resource. Theroe will be no doubt that
the new hybrid can be uned in obther LDCs  under  similar
enVereaental conditions. Furthermore, the new hybrid will
beo usctul tor fuel alcohiol production from cellulose-based
fecd stock using an acid Lreatment proces:s  which also
gqenerates high-salinity mash and requires a special yeast
strain for that purpose.

Objectives of this reporting period

I To select potent. halotoleranl, yeast Lo be used
as parental ctrarn for protoplast. fusion.

7. To select highest cthanol producing strain to

be used as another parent. for protoplast fusion.



Material and Methods

[. Isolation of halotolcerant yeast lsolation procedure was

same as in first report. 1t was divided into 2 steps.First,
sample was enriched in enrichment medium A and B, Medium

A consisted of molasses of 10% cucrose equivalent  sugar
concentration, O.0%w of ammonium sulfate and 5% of sodium
chloride. Medium B8 consistoed of molasses  of %% sucrose
cquivalent cugac concentration, 0.05%% ammonium sulfate and
17% coagium chioride. Caltivation oo performed at. 37 and
AD¢ for 3 days, Second step. the termentoed mash of both
A and Bomedioam was atreat on molasces agar A and B, respee-
Lively, and ncubated ot 37 and  20%¢., After colonics
appearad on molasses agar they vere restreaked  on same
medium Lo purify the culturces and kept in molasses medium
A as stock cultures. The purvosce of using medium A is Lo
isolate the aood cthano!l termenting yeasts while medium B
1o to dsolate salt tolerant yeasts, The %% salt ia awedium
At relatively hiagb for ethanol fermentation while in che
real practic sodium chloride in the mash will be less than
2%, Also termentation at. 37 and  10°¢ tor required  for
selection of yeast strains tor cthano!l fermentation in the
t.ropics.

Il

ving _for potent. halotolerant yeasts Lo be used as

parental strains.

AL K n Medium being used in this svstem consist

ot molasses of 20% sucrose equivalent. sugar concenbtration,

5% sodium chloride and 0.0%% of ammonium sul fate. Procoedure
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of screening was divided into 3 steps as follows. First
2 steps were already performed.

1. Standing Lube culbure (o this step, fermentation
was carricd oull in test tube. One  loop ol cells which
cultivated for 2 davs on molasses agar slant, at 37°c was
inoculated into molasses rermentation medium, Cultivation
wiie performed by cstanding tor A8 h, at 40°c.Culture broth
was analysed tor concentration of ethanotl and celi.

dAooFlask culture In this step fermentation  was
conducted in 200 ml of molasses medinm contained in 500 ml
Frienmeyer flask  ITnoculuam was prepared by cultivation of
cells o Y glucose ¥YPD medium (5% glucose, 2% polypeptonr
and 16 yeast extract) oo robary shaker at 377¢ for 15%-18 h.
fnitial cell concentrataion in termentation was adjusted to
optical densily At H60 nm approaimalely O 8  AFsarn ingea-
Iation flask wan astood at 40°%°¢ for 48 h and culture broth
was taken abt O, 6, 12,230,460 and A48 Ioand analysed for con-
centrat.ion of ethano! and cell.

s Fermentor culture In this step fermentalion will
be carried out in S I fermentor (microterm fermentor, New
Brunuwick Serentific Coodine U S A). Working volume of
molasaes medium will be 31 and cultivation Lemperature
will be controlled at 40%c¢. Inocuium will be prepared by

by oglucose YPD medium on rotary

cultivation of cells n
shaker, at. 37%¢ for 1h-18 h. Culture broth will be analysed

for concentration ot ethano! and cell at every 4-6 h.
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B. Second system Medium being used in this system consist

of molasses of L% sucrose cquivalent sugar concentration,
1'7% of sodium chloride and 0.0%% of ammonium sul fate. The
screening procedure was also divided into steps  as
follows. First 2 steps were already performed.

1. Standing tube culture Method for cultivation of
this step was same as o of first system. Culture broth was
analysed tor concentration ot cell  and  ethanol after
incubatiion tor 96 b, at d0vc.

dooFlask cuiture The caltivation was corried out in
200 mi ot median contained in 500 ml Erienmeyer flask .
tnoculum wae peepared by cultivation ol ceils in b glucose
YEPDmedium same g oin flask culture of ficat system. [nitial
cell concentration was adjusted Lo optical density at 660
nm oapproximitoely .00 Cultivalion was pertormed on rotary
shaker, at 70-80 rpm, at 40%¢. Culture broth was analysed
At 0 and 72 h for concentration of cthanol and growth.

Ao Vermentor culture Cultivation will be carciced out
in % 1 fermentor with fermentative condilions. Working
volume of medium will be 31 and Lemperature will be con-
trobled at d40"¢ Lhroughout. cuitivation. Inoculun will be
preparced by cultivation of colls in 9% glucose Y’ medium
on rotary shaker, at 37°¢ for 17-18 h. Culture broth will
be analysed tor concentration of cell and cthanol at every
4-6 h.

FIT. Screening for highest ethanol production strains from

Industrial yeasts Lo be used as another parent.

Six straing which produced more than 8% by weight of
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ethanol in molasses medium (molasses of 20 % sucrose
cquivalent sugar concentration, 0.05% ammonium sulfate).
at 35%°c were tested for ethanol fermentabtion ability in
molassces medium without and with % sodium chloride, at
40° ¢, Fermentation was carried out in 5 1L fermentor with
working volume ot 3 L. [noculum was prepared by culbLiva-
Ltion ob yeast in 5 % glucose V)b medium on rotary shaker,
at. 37%¢ tor 15-18 he teomentation condiltions were: initial
pH was 4.5, tempoeratare was controlled  as 40%¢ and
agitation specd was 750 rpin. Sampic vas Laken and analysed
for concentration of ethanol, cell and suaar ecvery 4 h
from 0 to 20 hoanea »very £ b vrom 249 to I8 b oof cultivation.
Analysizs Fthanol wer analvaed by using Liquid gas chroma-
Lograph (Shomudza GC-970) under the following conditions:
packing materiai. polyetaviene glyeol 20 M in glass column,
Lo Tenath and 5 omm inner diameter; carrior gas L nitrogen
at 20 ml/min: temperature ot column and injector 70° and
125%¢, recpectively, propanol was used as o inibial «tandard.
Cell concenteation wins measursed as optical density of coell
suspension ol 660 nm oatter washing and resuspendirgin 0. IN
HCL. Sugar concentrotion was detormined  as  sucrosce by
phenol sulfuric acid method.

Rl Ls/Diseussion

I.Collection of sampics and isolation of halotolerant yeasts

In addition. 69 samples were col lected from some other
provinces in Thailand as shown in Figure 1. The samples
consisted of 11 samples of sheimp paste, 10 samples of pickle,

8 sampies of fermented tish, 6 samples cach of nalm sugar
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and fish sauce., 5 samples of salted crab, 4 samples of
fermented soybean (miso), 3 samples cach  of fermented
pcach and fermented pork, 2 samples cach of soysauce and
sufu and 1 sample cach of tamarind, salted lettuce. salted
fish, pincapple, shell in fish souce, soybean and honey.
(Table 1)

fighty strains of halotolerant., yeasis were isolated
tfrom these 68 camples as shewn in Table 2.0 1t was summarized
in Table T that 13 steaing cach were isolated from fermenteoed
tishes and soysauce, 10 slrains from pickles, 2 strains
cach trom fermented peach, tamarind, tish sauce and shell
in fish cauce, 4% ctraing trom termented sovbean, 4 strains
each trom suatu, termented pork, 3 straing cach from salted
crab and pincapple and T strain each from salted fish, honey
and cnyboean

il HSereening ror potent. halotolerant yeasbls to be used ag

parental str.

Totally o774 strains of halotolerant ycast obtained
by isolathiron and selection in tast and bLhis  reporting
poriods were scereened,
Ao First system In Lhne syastem the strains which ferment
cthaonol at bigh rate and vield in 5% sodium chloride con-
taining molasses medium g expected Lo ootain. The screening
procedure was divided into 3 steps as ment ioned previously.
In order Lo oblain strains which ferment. ethanol at high rate,

Result,

18 h ot cuttivation Lime was =sclected for the e
of first ctep of screening, tube culture was shown  in

Table 3 (p2% Lo p46) . Fifty two strains which did not
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show characteristic of (ilm forming on surface of medium
was not included, produced ethanol more than 2. 5% by weight
al. 48 h in tested conditions were sclected. They were strain
no 016, 101, 16L, 166, 167, 236, 246, 251, 266, 204, 201,292,
293, 307, 308, 309, 310, 413, 314, 339, 4072, 002, <003, s0085,
006, 009, 010, <013, 014, $014, <01y, 6020, 5021, 5022,
036, <037, 5065, 5075, s076, <077, s078, w079, 5081, s082,
SOB3, s084. 085, <086, s0HY9, soYo. 3107 and s10H. 'These
b2 straing were turther sorcoened by stinding f lask culture
and vesults showed in Figure 2 (p 7At0 pyy o). In this step

7 ostrains which produced  othanol  more Lhan 2.0 % by
weight, ot 40"¢, atter 48 h of cuilivation were selected.
They were stoain no. 016, 251, 5013, 5019, 637, 5065 and s090
which produced 3. 3, 280,02 30,2753, 2.46, 7. 33 and 7.00 % by
veight of cthanol, respectively. These 7 strains witl be
tected on fermentor,

B Seeond system To obtain halotolerant yeasts which can
grow abt high concentration of sodium chlocide, they were
tested abil ity to grow in 17y sodium chloride containing
molacses medium, at. d0%¢. The sereening was also divided
tnto 3 steps as mentioned perviously, Since  cultivation
conditions were very Stpooao because of hiah concentration
of sodium chloride and temperatare were used, thereforoe
culbivation period vas prolonged to 96 h in first step of
scereening. The result of 1irst step, tube cullure, was
shown in Table 4 (p avto p oa7). Fifty one strains which
could arow and gave cell concentration as Obh 660 nm more

Lthan 2.5 were selected vo test in flas culture. They were
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swrain no. 031, 062, 065, 086, 098, 092, 116, 126, 130,
131, 14w, 167, 174, 192, 229, 246, 252, 254, 257, 270, 288,
290, 294, 295, 426, 344, 346G, 357, 356, 357, 3645, 366, 370,
387,394, 096, 599, 402, 403, 405, 406, 407,408,409, 5010
SO, 5068, 5069, <20%, 5233 and 22744, These 51 straing
vere tested on siowly shaking tlask celture and cultivation
pectod van reduced Lo Y2 h inorder Lo obtain fast growing
heolotolernal straing. Resulbt of shaking (lask culture was
shown in Table 50 Twelve straing which gave higher geowbh,
G 660 nm omore than 3.0, th n others were seiceted for
further selection. Twelve selectoed strains vere strain no.
062,065,090, 092, 126, 130, 229, 246, 156, 366, 370 and
Y90 Bince strain no 340 produaced othanol 1.7 2% by weight
in this cendation, L was selected tor Yurthor sereening.

PEE sereening for highest ethonol production strains from

Induslrinl_yeasts to be used cnoanother parent

To select high cthano! producing  straing from
inductrial strains Lo be used as another parent for proto-
plact. fusion, 6 trom 9 strains which produced more than 8%
by wetant of cthanot in molasses medium, at. 35%%c were test
tor cthanol production in molasses medium without and with
sodium <hloride, gt A0%c¢ in fermentor.  The results of
cthanol production in molasses medium without, addition of
sodium chloride were shown in Figure 4,0,5 and ¢ 8.
cercvisiae M30 . AMIZ and S¢90 produced olhanol 7.83, 1.52
and 6.23% by weight, respectively. While s. cerevisiage 191,
B120 and 281 could not. grow in this high tLemperature.

Therclore G. cerevisiae M30, AM12 and 5¢90 were tested for

cthanot production ability in high sal initly molasses medium ,



The result of S, cerevisiae M30 in molasses medium contained
5% sodiun chloride, at 40°c showed that cell concentration
was very low increase and maximal ethano!l produced was

Pood% by welghit att 60 h (Table ). Gf 5. cerevisiaoe AMI2
ceil concentration obtained in this caltivatl ion was very

Yow and maximal ctuanot produced was 0.72% by weight at 72h
clable ") Same g of S0 cerevisiae M0 cnd AMLZ almost no

growth and cthanol production was obsorved by 5. cerevisiae

Sev0ctab e By
Prom these resultys 8.0 cerevisiae B30, AMI2 and Se90
vas scelected and will be used as parent for protoplast

fusion wilth halotolerant yeast,

Conciusion

The work that has been carried out. in last 6 months
lareh 1986 Lo July 19860 could be summarized as follows:

Loodn addition, B0 cirainsg of halotolerant veasts
nave been isolated from 69 camples of brine fermented
products. rermented productys, producls of high salt and
sugar content. and fruits, newly collected in ‘his reporting
period.

2. AT 67 strains of halotolerant. veast obtained in
last and this reporting periods are being screened for
potenl, strain Lo be uned as hatotolerant, parent. for proto-
poast fusion. the scroening was divided into 2 systoems.
Bach cystem consisted of 3 steps and tirsl steps of cach
systoem were already performed. In the firat system strains
vhich fermented cthanol at high rate and vield is expected Lo

obtain . And by 2 steps of screening strains which produced
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ethanol more than2.0% by weight in %% sodium ¢, oride
containing molasses medium, at 40°c were selected for final
screening in fermentor. In sccond system, by 2 steps of
screening 12 straing showed higaer growth in 17 % sodium
chloride than other strains were selected  Tor further
sereening.

bin order to select high otanol production strain, 6
sbraing of industriai yeast sclected in last period were
tested tor fermentation abifity in molasses medium without
and with 5% sodium chioride, ot J07c. 5, coerevisiae N30,
AMI 2 and SedO oroduced much higher othanol than others 2
in moiasses medium without codium chiloride were selected
Lo be used an cthano!l producing parent. for protoplast fusion
with halotolerant strains, These 3 strains were tested for
ablity to grow in 5% sodium chioride containing molasses
medium and Pound that Lhey grew very low and producaod

cLthanol in very small concentration in Lestoed conditions.
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Work plan for Lhe next period

Work plan for the next period is scheduled as fol lows:

1. Final screen for halotolerance strains which can
ferment ethanot ot high rate and vield in molasses medium
conLain H% of codium chloride and which can grow in molasses
contain 1'% of sodium obitor ide.

dooStady charactoeristics ot selected halotoloerant
and high ethanol producing straing, such as salt, Loleration.

oo ldentaification of setected halotolerant straing,

4. Auxotrophic mulat.ion of potent. straing inorder to
construcl selectyve mar bFer.

. Selection of mutant which snhow no or nearly no
difference trom wild tLype in fermentabion rate and vield
or in growth rate.

6. Preliminary study of protoplast fusion of sclected

strains.
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Table 1l  Summarization on number of halotolerant yeast isolated in the

medium containing 5 and 17 % of sodium chloride

Humber of isolates Total

roduct fumber of Samp}éf 5S¢ NaCT 7177 NaCl
37°C 40°C 37°C 40°C

Fermented fish 10 4 6 3 13
Pla-ra (7) (3)  (6) (3) (-)
Pla-chao (1) (1) ) (<) ()
Tai-pla (2) (<) () (=) (-)

Pickles 10 8 2 10
Bamboo shoot (i) (1) () (<) (=)
Lettuce (4) (4) () (-) ()
Ginger (1) (1) () (<) (=)
Garlic (1) () (-) () ()

Fermented peach 3 ] ) 2

(tor dong)

femmented <oy bean 4 4 1 - - 5
{Miso)
S0y sauce 2 13 - - - 13
Sufu 2 3 1 - - 4
Fermentad pork (nam) 3 1 3 - - 4
Palm sugar 6 5 2 5 2 14
Tamarind 1 2 . - - - 2
“alted  crab 5 1 2 - - 3
Salted lettuce 1 - - - - -
Salted fish 1 1 - - - 1
Shrimp paste (kapi) 11 - - - - -
Fish sauce 6 2 - - - 2

Pinecapple {fermented) 1 3 - - - 3



18

Table1 (Cont.)

Product Number of Sample Number of isolates Total
5% NaCl 177 NaCl
37°C 40°C 37°C 40°cC

Shell in fish sauce 1 2 - - - 2
Honey 1 1 - - - 1
Soybean 1 1 - - - 1

Total 09 52 18 8 2 80
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Table 2 Lists of additional halotolerant yeasts isolated from various

location in Thailand,

Sample Sample Sampling Isolation method Strain
to. Name: Place 5%NaCl 17%NacCl No.
37°C 40°C 37°C 40°C

217 Palm suqgar Chiang~Rai + 334
217 " " " + 335
2in Palm sugar Lamphun + 336
218 " o " + 337
219 Pla~ ra " + 338
219 " v " + 339
19 " " " + 340
200 Palm sugar Chiang-Mai + 341
220 " " " + 342
220 " " » + 343
S0 " " " + 349
220 " " " + 364
220 " " " + 366
221 Miso " + 344
222 Pla-ra Chiang-Rai + 345
223 Pla~ra " + 346
223 o " + 355
224 lettuce pickle Chiang-Mai + J 347
224 " " " + 360
225 Lettuce pickle " + 348
225 " " " + 361
226 Nam (Fermented " + 350
pork)

226 " " " + 368



Table 2 (Continue)

Sample Sanple Sampling Isolation method Strain
No. Hame Place 53NaCl 17%NaCl No.
377C 40°C 37°¢ 40°C

227 Nam(Fermented Chiang-Mai + 351
pork}

228 Nam(Fermented Chiang-Rai + 352
pork)

229 Salted  crab " + 354

230 Fermented Chiang~Mai + 356
peach{Tor dong)

211 cufu Songkhla + 357

231 " " + 369

231 " " + 370

232 Palm suvgar Chiang~Rai + 358

232 " " " + 359

233 Fermented Chiang-Mai + 302
peach(Tor deng)

234 Ginger pickle " + 363

235 Sufu ! + 365

216 Salted fish " + 367

237 Salted crab Chiang-~Rai -

238 Salt=d crab " -

239 Shrimp paste Lampang -
{(kapi)

240 Shrimp paste " -
{(kapi)

241 Shrimp paste " -
(kapi)

242 Pla-ra Lamphun -

243 Shrimp paste " -

(kapi)



Table 2 (Continue)

Samp e Sample Sampling Isolation method . Strain
No. Name Place 53NaCl 17%NaCl No.

377C 40°C 37°C 4a0°C

244 Shrimp paste Laphun -
(Kapi)
245 Shrimp paste " -

(Kapi)

240 ftambeo sheot Chiang-Mai -
pickle

247 Bamtoo shoot " -
pickle

244 Salted Lo tuce Chiang-Mai -

244 Fermented " -
peach(tor dong)

L Tai-pla " -

251 Fish sauce " -
(2-3 months)

252 Fish sauce Bangkoxk -
(5-6 monthns)

253 Fish sauce " -
(7 months)

2654 Fish cauce " -
(9-10 months)

255 Shrimp paste Chiang-Mai -
(Kapi)

256 Shrimp paste " -
(Fapi)

257 Shrimp paste " -
(Kapi)

258 Shrimp paste " -
(Kapi) )

259 Palm sugar Nakhon~ -

sithammarat

260 Fish sauce -



Table 2

{Continue)

22

Sample Sample Sampling Isolation method Strain
Mo, Name Place 5%NaCl 17%NaCl No.
37°¢ 40°C 37°C 40 C
261 Shrimp paste  Makhonsit- Nakhon- -
(Kap1) hamnarat sithammarat
262 Miso " -
2603 Tai-pla Songkhla -
264 Salted crab  Makhonrat- + 371
chasima
265 Salted  crab " + 372
266 Pla-ra " + 373
266 " " + 374
267 Pla-ra Nakhonrat~ + 375
chasima
267 n " + 376
267 " " " + 377
267 .o " + 383
268 Pla-ra Saraburi -
269 Miso " + 378
269 " " + 379
269 " " + 380
270 Bamhoo shoot " -
pickle
271 Fish sauce Bangkok + 381
+ 382
272 Soy sauce Rajchaburi + 383
272 . " + 385
272 "o " 1 186
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Table 2 (continue)
Somple Sample Sampl ing Isolation method Strain
No. Name Place ___5MNaCl 17%NacCl No.
37°C 40°c 37°Cc 40¢C

272 Soy sauce Rajchaburi + 389

272 " " ¥ 390

272 " " + 392

272 " " + 393

273 " " + 384

273 " " + 387

273 " " + 388

273 " " + 191

273 " " + 394

‘!'13 " " .’A 395

274 Lettuce Nakhonrat- + 396
pickle chasima

275 Pincapple Hakhonpathom + 397
(Frrmented)

275 " " + 398

75 " " + 399

276 Bamboo Petchabun + 400
shoot pickle

271 Garlic Petchabun + 401
pickle .

277 " " + 402

278 Lettuce Makornsawan + 403
pickle

29 Shell in Petechabun + 404
fish sauce

279 1t " + 405
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table ¢ (continue)

Sample Sample Sampling Isolation method Strain
HNo. Name Place S5%Macl 17¥Nacl No.
¥7°C 40°C 37°C 40°¢

280 Pla-chao Pitsanulok 2 406
241 Miso Nakhonratchasima 4+ 407
82 Palm sugar " 4 108
202 " " + 1409
283 Honey Chanthaburi + 410
284 Tamarind Pjtsanulok + 411
e " " 3 412

285 Boiled soybean B + 413




Table 3 Ethanol fermentation by halotolerant yeast in molasses

medium contained 5% of sodium chlecride in standing culture,

at 40°c
Strain kthanol at 48h Remark
No. * N/V

001 0.55 film yeast
002 0.24 "

003 L.46 "

004 0.88 "

005 0.49

006 NT film yeast
007 1.64 "

008 0.25 "

009 0.52 "

010 0.49 "

01l 1.28 "

012 0.63

0113 0.39 film yeast
014 1.41

015 0.73

0lé 3,20 film yeast
017 3.20

018 1.29 film yeast
019 1.05

020 NT

021 1,14

022 0.65 film yeast
023 0.40 "

024 0.33 "

025 0.27 "

0206 0.22 "

027 0.54 "

028 0.30

029 NT

030 NT

NT = non test
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Table 3 (continue)

Strain thanol at 48h Remark
No . Y w/v

031 0.27 film veast
032 0.25 "

033 1.21 "

034 0.26 "

035 0.21 "

6 0.27 "

037 0.90

038 0.04

039 0.39

040 0.88

041 0.03

042 0.27

043 NT

044 0.02

045 0.96

046 0.24 film yeast
047 o.og "

048 0.04 "

049 0.28 "

050 0.26 "

051 0.20 "

052 0,47 "

053 1.68

054 0.11

a55 NT

056 0.45 film yeast
057 1.34

058 0,23 film yeast
059 0.35

060 0.70



Table 3 (continue)

Strain Ethanol at 4B8h Remark
Moy, 3 ""/IV

061 0.52

062 1.32

063 0.97

06,4 NT

065 0,99

066 1.37

067 0.18

068 c

069 NT

070 1.0)

071 0.91

072 0.12

073 0.47

074 NT

079 0.39

076 0.29

077 0.60

078 0.67

07) 1.31

080 0.64

081 0.3y

082 NT

og3l 0,32

084 1.19

085 0.50 film yeast

086 0.68 "

oB7 0.37

088 0.72 film yeast

089 .63

090 0.61 film yeast

091 0.83



Table 3 (continue)

28

Strain Ethanol Remark

No. ] W/v

092 0.68

093 0.32 film yeast
094 0.36 "

095 1,11

096 1.10

097 0,57 film yeast
ove N.56

099 G.85

100 0.72

101 0.71

102 0,31

103 0.40 film yeast
104 0,60

1058 0.30

106 0.50

107 0.38 film yeast
Lo8 0.68

109 0.76

110 0.32

111 0.22

112 N7

113 0.37 film yeast
114 0.45 "

L15 0.79

116 0.73

117 0.34 film yeast
118 0.29

119 06.21

120 0.31 film yeast
121 1.13 "

122 NT



Table 3 (continue)

Strain Ethanol at 48h Remark
Nov . s W/ v
123 0.68
124 NT
125 0.25 film yeast
126 0.90
127 0.33
128 0.33 film yeast
129 0,31
130 1.00
131 NT
132 NT
133 NT
134 0.31
135 0.24
136 0,25
137 0.40
138 0.62
139 0.71
140 1.81
141 0.85
142 0.36
143 0.31
lad 0.30
145 1,17
146 0.89
147 0.89
148 0.37
149 0.91
150 0.36
151 NT
152 1.12



Table 3 (continue)

30

Strain Ethanol at 48h Remark
No., 3 W/v
153 0.26
154 1.03
155 1.01
156 NT
157 1.17
158 g.12
159 0,55
160 0.25
161 0.39
162 0
163 0
164 NT
165 3.16
166 2,63
167 2.74
1l 0.16
169 0
170 NT
171 NT
172 0.71
173 1.16
174 1,11
175 o]
176 0.17 film yeast
177 1.32
178 NT
179 0.96 film yeast
180 0.08
181 0.94 rfilm yeast
182 NT
183 1.80
184 0.08 film yeast



Table 3 (continue)

1

Strain Ethanol at 48h Remark
No. ) w/V

185 NT

166 1.28

187 NT

188 0.10

189 NT

190 0

191 0.01

192 0 )

193 0.55

194 0.11

195 0.03

196 0.13

197 0

198 0

199 0

200 0.17 film yeast

201 0.02

202 0.09

203 0

204 0.28

205 0.1

206 0

207 0.01

208 J

209 0.08

210 0.22

211 0.38

212 0.21

213 0

214 0.22

215 0.29 film yeast



Table 3 (continue)

32

Strain t:thanol at 48h Remark

No. w/v

216 0.71

217 0.03

218 0.36

219 0.26

220 0

PN 0,0

222 0.52 film yeast
S22 mr

224 NT

235 0.10

226 0.40 film yeast
227 NT

2z 1.20

229 0.86

230 0.60 film yeast
231 1.93

232 0.14

213 1.60

234 1.23

230 0.80

236 2,29

237 0.19

238 0.42

219 0.31 film yeast
240 NT

241 0.59 film yeast
242 0.13

243 0.98

244 0.88 film yeast
245 1.64

246 2.39

247

NT



Table 3 (continue)

Strain Ethanol at 48h Remark
No. 1) w/v
248 1.2C
249 NT
250 1.17
251 3.12
252 1.25

253 0.26 film yeast
254 1.78
255 NT
25¢, NT
257 2.45
258 0
259 0.96
260 0.33
201 NT
262 0,23
263 0,24
264 1.09
265 1,26
266 v 2.16
267 0.85
268 0.20
269 1.30
270 1.11
271 NT
272 0.86
273 0.25
274 2.03
275 0.30
276 0.63
277 2.12

278 0.28
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Table 3 (continue)

Strain Etharol at 48h Remark
Mo, L} w/v
279 1.5%6
280 0.21
281 0,66
282 0,34
2HY 0,29
214 0.31
284 0.29
286 1.37
287 1.37
ny 1.99
289 0.62
290 0.58
201 0.91
292 2.95 film yeast
293 2,40
294 1.70
295 0.73
2096 0.94
297 0.22
298 1.29
299 0.31
360 0.31 -
301 1.13
202 1.68
303 0.28
104 0.67
308 2.06
309 2.18
310 2.19
311 1.10

312 1.89



Tabl:: 3 (continue)

Strain Ethanol at 48h Remark
No. A W/v
313 2.13
314 2.00
315 0.34
316 1.03
317 0.18
118 NT
319 0.63
320 ‘ 0.34
izl 0,20
322 0,22
323 0.57
324 0.29
325 0.28
326 0.27
327 0.25
328 0.15
329 0.65
330 0.51
331 1.59
332 0.55
333 0.26
334 0.77
335 1,00
336 0.59
337 0.59

338 0
339 0
340 0
341 1.67
342 1.20

343 0.93
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Table z{continue)

Strain Ethanol at 46h Remark
to. ) w/v
344 0,09
345 0.15 film yeast
346 0.12
347 0 film yeast
3449 0 "
349 0.61
150 0.93 film yeast
351 0.41
352 0
353 0.77 film yeast
554 . 0
355 1.13 film yeast
356 1.12
357 1.35
158 1,13
159 1,23 film yeast
360 0.10 "
161 0
362 0.29
363 0.43
304 0.84
365 0.27
366 0.54
167 0.53
368 0.11
369 0.92
370 0.52
371 1.36
372 0.14
173 1.43
374 0.51
375 0.62

376 0.51
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Table 3 (continue)

Strain Ethanol at 48h Remark
to, L) w/v

377 0.55

374 0.48

379 0.42

160 10,38

11 0.16

362 -0.17

143 0,75

N n.,91

1546 1.18

L3, G.84

Ty 0.93

34t 0.84

349 0.78

390 0.82

3191 Q.97

302 0.87

393 0,88

394 1.04

395 0.81

396 0.22

397 0.13 if film yeast

398 0.11 ‘ "

399 2,24 "

400 0.10 "

401 0.02 "

402 3.42

403 1.21 film ycast

1404 0.59 "

105 0.76 "

1006 . 0.26
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Table 3 {continue)
Strain Ethanol at 48 h Remark

o, v W/

407 0.60 film yeast

q05 1.33

409 1.21

410 0.62 film yeast
111 0.62 "
412 0.74 "
412 0.67 "
001 1.28

sG02 2.62

<003 2,31

5004 0.74

s00% 2.46

5006 2.86

5007 : 1,22 film yeast
« 008 1.80

009 2.31

010 2,20

HARE! 1.57

5012 1.79

4013 3,25

5014 7 2.21

AR 2,23

50106 1.39

017 1.08

S0 1.91

G019 2.76

«020 2.64

5021 2.34

5022 2.67

023 NT

5024 0,43

502 1.51

a02¢ 1.82

6027 1.35

02d .58

<029 2,76

030 0.41 Film yeast
5031 1.44

032 1,15
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Table Xcontinue)

Strain Ethanol at 48 h Remark

Ho. % W/v

S04 1,21 film yeast
034 0.58 "
50735 1.57

5036 2.06

<037 2.09

5038 0.54

50739 1.75 film yeast
<040 0,27

<041 1.04 film yeast
<042 0.29, "
4043 0.32 "
5044 0.32 "
5045 0.29 "
4046 0.34 "
5047 0,34 "
4048 0.26 "
5049 0.31 "
050 1.45 "
5051 0.38 "
5052 0.61 "
50573 2.34

s0%4 0.96

5065 1.86

5050 1.58 film yeast
5057 0.94

s058 0.06

5059 0.83

s060 0.70

106 ] 0.63

$062 0.93

5063 0.93

£064 1.69 film yeast


http:O'_J0.06
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Table 3 (continue)

Strain Ethanol at 48 h Remark
No. ) W/v

5065 2.57

5066 NT

067 NT

5068 0.38

=069 1.16

070 1.24

5071 NT

<072 NT

G073 NT

5074 NT

50759 2.93

«076 2.45

4077 3.64

4078 2,14

=079 2.60

080 1.81

=081 2.46

4082 2.65

=083 2.46

<084 3.09

S0H5 2.23

086 2.47

«087 1.51

=088 1.45

089 2.36

5090 .20

5091 0.52 film yeast
<092 0.60 "
5093 0.53 "
5094 0.71 "

5095 2.17 "



41

Table Hcontinue)

Strain Ethanol at 48 h Remark
5096 0.49 film yeast
5097 0.51 "

$008 0.%1 "

5099 0.44 "

5100 0.46 "

5101 2.09

5102 2.30 film ycast
5103 NT

s104 1.33 film yeast
5105 1.91

5106 1.79

5107 2.24

5168 2.33

5109 1.08 film yeast
5110 0.81

5111 1.11

5112 1.10

113 1.05

5114 1.92

s115 1.65

5116 1.87

s117 1.53

5118 0.72 film yeast
5119 NT

4120 1.10 film yeast
5121 1.03 "

5122 NT

5123 0.87

6124 0.96

5125 1.47

s126 0.50



Table3(continue)

42

strain Ethanol at 24 h Remark
o, ‘. W/V
128 1.77 film yeast
5129 0.82 "
4130 0.78 "
5111 1.14 "
$112 1.42 film yeast
5133 1.49 "
5134 1.76 "
134 1.52 "
S1236 1.66 "
4137 0.75 "
s34 1.33 »
5139 0.84 "
5140 0.82 "
5141 1.35 "
5142 1.30 "
143 1.23 "
144 2.32 "
4145 1.44 "
5146 1.75
s147 1.85 film yeast
5148 0.87 "
149 0.92 "
5150 1.88 "
5151 1.8C "
s152 1.43 "
5153 0.97 "
5154 1.21 "
155 0.73 "
5156 1.99 *
5157 1.00 "
5158 2,00 "
1.31 "



Table 3{rontinue)

43

Strain Ethancl Remark

No. ' L w/v
5160 0.90 film yeast
5161 1.01 "
s160 1.18 "
5163 1.02 »
5164 1.57 "
5165 1.71 "
5166 2.17 "
s167 0.91
5168 2,12 film yeast
5169 1.44 "
5170 1.51 "
5171 1.06
s 177? 1.26
17 NT
5174 1.23
5175 NT
4176 0.11
5177 0.27 film yeast
4178 0.18 "
G179 0.40
5180 0.23
G181 NT
5182 NT
5183 NT
5184 0.39
4185 0.02
5186 0.28
5187 0.04 film yeast
<188 0.26
5189 NT
5190 0.30 film yeast
5191 1.10


http:1(,11.01
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Table 3 (continue)

Strain Ethanol at 48 h Remark
4 A _

Uy 0.53 film yeast

5191 1.08

5194 1.20

5199 1.32

5196 0.78 film yeast

4197 0.60 "

5198 0

5199 0.04

<200 NT

5201 0.11

5202 0.10

5203 0.14

5204 0 film ycast

420° 0.15

<2006 0,23

5207 0

5208 0.10

4209 0.13

5210 0.67

5211 0.88

5212 NT

5213 0.04

a214 . 0.43 film yeast

5215 0.32 "



Table3(continue)

Strain Ethanol at 48 h Remark

NO . L Y w/v

5216 0.46 film yeast
5217 1.81

5218 0.28

5219 0.35% film yeast
5220 0.38 "

5221 NT

5222 NT

6223 0.22 film yeast
5224 0

5225 0.20 film yeast
5226 0.28 "

5227 NT

228 0.22 film yeast
3229 0.40

5230 0.11 film yeast
5231 0.20 "

5232 0.18 "

5232 0.21 "

5234 0

5235 0.26

$236 NT

5237 0

5238 0.13

5239 0.20



Table 3 (continue)

16

Strain

No.

5240

s241

G242

5243

5244
<245
52406

4247

a248

5219

5250

5251

Ethanol at 48 h
+ W
/V

Remark

0.29
0.19
0.12
0

0.29

0.10
0.4

NI

.13
NT
0,32

NT

0.16
0.19
0.85

0.51

0.01

0.01

film yeast

film yeast

film yeast




a4

Table 4 Growth of halotelerant yeasts in molasses medium contained

17% of sodium chloride, at 407c.

Strain Grewth of 96 h
o, (0D 660)

001 0.76
002 1.11
GO3 0.80
004 0.7¢
005 1.12
ou6 1.12
007 0.68
nos 1.55
009 1.11
0lL0 0.82
011 0.91
012 2.01
013 1.81
014 1.66
015 1.44
016 1.04
oL?7 0.88
o1s 1.10
019 ‘ 0.94
020 , 0.93
021 1.62
022 1.74
023 1.18
024 1.03
025 NT
026 1.15
027 NT
028 - 1.40
029 l.64
030 0.79
031 2.79
032 1.14
033 . 1.70

NT = non test
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Table 4 (continue)

Strain Growth of 96 h
NO. (OD 660)
034 1.74
0135 1.49
036 1.51
037 NT
038 1.786
039 NT
040 1.28
041 1.34
042 1.30
043 NT
044 1.30
045 1.79
046 1.51
047 0,93
044 1.06
049 1.00
050 2.12
051 1.18
052 1.17
053 2.02
054 1.46
0SS 1.32
056 1.08
057 NT
058 NT
059 NT
060 1.53
061 1.14
062 3.82
063 1.81
064 NT

065 2.19
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’l‘abls_‘l_ (continue)

Strain Growth at gg h
NO. (OD 660)
066 2.16
067 ' 1.13
068 1.16
069 NT
070 1.03
071 0.72
072 1.58
073 1.3
074 1.66
075 NT
076 0.80
077 1.46
076 2.29
079 1.83
080 0.76
081 1.30
uB2 0.83
083 NT
084 ’ 2.00
085 1.32
086 4.41
087 NT
088 NT
089 NT
090 5.18
091 NT
092 2.51
093 1.41
094 NT
095 1.16
096 0.75
097 1.42

098 1.43



Table 4 (continue)

Strain Growth at 96 h
NO, (OD66KO)
Q9 1.62
100 1.00
101 1.92
102 2.44
103 0.52
104 2.25
105 1.11
106 1.15
107 0.54
108 1.63
109 1.16
110 1.35
111 1.97
112 NT
113 1.25
114 1.88
115 ‘ 0.52
116 2.59
117 1.43
118 1.52
119 1.84
120 2.29
121 1.68
122 11.52
123 2.06
124 2.19
125 1.19
126 3.12
127 1.26
128 1.22
129 1.68
130 3.09

131 3.26
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Table 4 (continue)

Strain Growth at 96 h
NO. (OD660)
132 0.20
133 0.61
134 0.78
135 1,59
136 NT
137 0.27
138 1.35
139 1.69
140 NT
141 2.06
142 1.0t
43 , 1.03
144 : 1.46
145 NT
146 1.07
147 1.31
148 ' 0.92
149 2.55
150 N
151 0.31
152 2.28
153 1.51
154 2.24
155 ‘ 2.34
156 NT
157 0.83
158 NT
159 NT
160 0.52
161 0.47
162 .18

163 1.55
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Table 4 {continue;

Strain Growth at 96 h
HO. _ (ODG60)

1€4 NT
105 1.40
166 NT
167 ) 2,480
168 0.97
l16¢ NT
170 NT
1 NT
1" 2 ‘ NT
173 1.62
174 2.59
175 ! ur
176 A 1.25
177 2.40
178 2.16
179 1.97
180 2.11
181 1.48
182 2.217
183 2.11
184 1.60
185 NT
186 1.79
187 NT
188 1.5z
189 NT
190 1.30
191 2.59
192 2.73
193 1.58
194 0.41

195 6.52



Table ¢ (continue)

Strain Growth at 96 h
HO. (OD660}
196 6.49
197 2.11
198 0.66
199 0.79
200 0.47
201 0.78
202 ‘ 0.51
203 NT
204 0.69
205 0.55
206 0.73
2¢7 NT
208 1.80
209 0.77
210 2,01
211 0.97
212 1.07
213 0.72
214 2,05
215 NT
216 1.901
217 1.18
218 0.59
219 0.81
220 0.75
221 1.03
222 0.97
223 1.61
224 0.67
225 0.46
226 0.66
227 1.68

228 l.82



Tuble._a (continue)

Strain Growth at 9g h
HO. . (OD660)
229 3.54
230 2.08
231 . 2.22
232 1.2%
233 2.23
234 2.15
235 1.32
236 0.70
237 0.96
238 0.46
239 0.67
240 NT
241 2.15
242 0.92
243 3.60
244 2.006
245 0.43
246 2.59
247 NT
248 1.81
249 0.78
250 0.83
251 1.93
252 2.65
253 0.86
254 2.74
255 2.27
256 NT
.57 2.82
258 1.13
259 1.95

260 ‘ 1.55



339}5_? (continue)

Strain Growth at ggh
NO. (OD660)
201
262 0.82
263 1.61
264 1.45
265 1.66
266 1.94
267 1.31
26k NT
269 2.01
270 2.47
271 NT
272 1.21
273 1,22
274 1.57
275 1.87
276 1.72
277 1.22
278 2.06
279 2.29
280 1.47
281 1.99
282 0.94
283 1.34
284 1.41
285 2.01
286 2.22
287 2.37
288 2.64
209 2,23
290 2.45
291 2.42
292 1.56
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Table 4 (continue)

Strain Growth at 90h
HNO . (OD 660)
294 2.63
295 2.56
296 2.10
297 1.83
298 1.97
299 2.006
300 1.65
301 1.63
302 2.37
303 1.60
304 1.68
308 1.31
309 2.15
310 i 1.92
311 1.68
312 1.76
313 1.25
314 1.85
315 1.65
316 1.55
317 2,26
3in 2.20
319 2.00
320 1.56
321 1.25
322 0.49
323 2,34
324 1.37
325 1.62
326 2,52
327 0.47
324 0.99
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Tablg_4 (continue)

Strain Crowth atgg h
NO. (OD6LO)
330 1.54
331 2.29
332 1.76
333 1.89
334 5.74
335 5.87
336 5.56
337 5.90
338 2.16
339 1.29
340 1.16
341 5.17
342 5.90
343 7.24
344 3.02
345 3.81
346 3.65
347 1,73
348 1.99
349 6.81
350 2.01
351 1.99
352 2.93
353 1.37
354 3.96
355 1.64
356 3.08
357 2.87
358 2.35
359 2.42
360 1.31
361 2.08



Y}

‘fabl (cuntinue)
Strain Growth at g h
NO. (OD6EGO)
363 2.4
364 4.7%
305 2,04
366 4.6z
367 1.78
368 1.73
169 0.%0
370 2.84
171 1,00
372 0,89
373 1,14
174 0.60
375 1.70
176 1,38
317 0,97
378 0,60
379 0,46
380 0 . a1
181 .53
g2 1.00
343 .95
184 7.57
345 3.48
386 6.80
387 2.47
aga 6.24
389 1.52
390 8 96
391 5.40
392 8.50
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Iahlg 4 (continue)

Strain Growth at 96h
HO. (OD6H0)
494 2,064
195 7.74
396 3.23
397 2.27
398 2.15
393 2.77
400 2.23
401 2.27
402 2.74
403 2.61
404 2.17
405 2.76
406 2.61
407 2.52
408 2.84
4109 2.71
410 2.04
111 2.21
412 1.76
413 2.12
5001 1.60
5002 1.68
5003 1.49
$004 1.87
5005 1.59
5006 1.82
5007 1.29
s008 2.03
009 1.65
5010 3.12

s011 3.46
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Table 4 (continue)

Strain Growth at 90
NO, (ODG6GO)
5012 1.76
5013 L.5G
sC14 1.91
5015 2,31
s016 1.23
6017 0.93
5018 2.10
5019 0.97
020 0,34
5021 0.87
5022 1.47
5023 1.33
5024 1.63
5025 1.68
5026 1.55
5027 1.65
5028 1.21
5029 : 1.64
5030 1.24
5031 1.17
5032 1.55
50213 1.66
4034 0.90
5035 1.68
5036 1.60
5037 1.74
3038 1.56
5039 ! 0.96
s040 1.11
5041 NT
5042 0.65

5043 1.06



Table 4 (continue)

Strain Growth atyg h
NO . {ODGOO)
5044 1.94
s045 0.66
5046 l 0.84
5047 0.78
5048 0.46
5049 v.97
5050 1.39
5051 1.57
5052 1.45
5053 NT
5054 1,76
5055 0.93
5056 NT
5057 NT
058 NT
5059 NT
5060 1.48
5061 NT
5062 NT
5063 NT
5064 1.29
5065 1.70
5066 1.14
5067 1.40
5068 2,74
5069 2.45
5070 2,22
s071 1.61
5072 1.46
s073 1.18
5074 1.16
5075 1.73

5076 1.78
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Table 4 (continue)

Strain Growth at 96 h
NO. (OD6HKO0)
5077 .84
078 1.73
5079 2.10
5080 1.77
5081 2.0%
15082 1.32
5087 1.35
=0l4 1.67
5085 1.50
5086 1.77
s087 2,27
50688 1.69
5009 1.89
5090 2.00
5091 1.20
5092 0.90
5093 1.10
5094 1.17
5095 1.35
5096 0.90
5097 1.07
s098 0,90
5099 0.93
5100 1,46
5101 0.68
5102 0.87
5103 1.02
5104 0.71
5105 0.79
5106 1.33
5107 2.16°

5108 1.87
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Tabled (continue)

Strain Crowth at 90h
NO. (OD660)
5109 0.32
5110 0.33
sill 1.79
5112 0.63
5113 0,80
s114 1.10
5116 1.57
5116 1.64
5)17 1.66
5118 1.67
5119 1.69
5120 1.10
5121 NT
5122 1.26
5123 1.39
5124 1.39
5125 1.44
5126 1.24
$127 1.51
s128 1.40
5129 1.31
5130 1.81
s131 1.53
5132 0.87
5133 1.10
$134 1.75
8135 1.64
5136 0.69
5137 0.86
8138 0.58
5139 0.81

5140 - 1.27
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Table 4(conthnuﬂ

Strain Growth at ggh
HO. (OD66O)
s141 0.406
5142 1.96
5143 NT
5144 1.49
alas 0.98
5146 0.80
5147 0.74
5148 1.43
45149 1.14
5150 1.61
5151 1.64
5152 1.27
5153 1.87
5154 1.32
5155 2.24
5156 1.24
5157 1.3]
5158 1.88
5159 0.49
5160 1.53
s161 1.67
5162 1.38
5163 1.08
5164 0.67
=165 1.34
5166 0.90
5167 1.35
5168 0.76
4169 0.79
5170 1.04
s171 1.50
5172 0.99

5173 1.86



Table 4 (continue)

Strain Growth at 96h
_ NO . (ODH660)
5174 L.04
5175 1.58
5176 1.04
s177 1.58
5178 1.93
<179 2.27
5180 1.86
5181 2,00
5182 NT
s183 0.98
5184 1.79
5165 0.95
5186 2.11
5187 0.82
5188 1.16
5189 1.70
5100 2,04
5191 ‘ 1.30
5192 2.21
5193 1.19
5194 2.08
5195 1.85
5196 1.73
5197 1.32
5198 1.76
5199 1.03
<200 0.70
5201 1.11
5202 1.13

5203 1.78



!Elﬂilﬁ‘ (continue)
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Strain

Growth at

NO. {ODG60)
452049 L.29
5205 3.54
5206 1.32
5207 0.86
5208 0.75
5209 1.5%
5210 1.53
5211 L7
5212 1.19
5213 1.54
$214 1.59
5215 1.40
5216 2,02
5217 1.54
5218 1.47
3219 1.34
5220 1.27
5221 NT
5222 1.93
§222 0.69
5224 1.55
5225 1.22
5226 1.81
5227 NT
5228 0.88
5229 1.12
5230 1.01
5231 1.40
5232 1.36
5233 3.02
5234 2.25
5235 1.06



Table 4(continue)

Strain Growth at 9gh
NO. {ON660)
5236 1.31
5237 ' 0.94
5238 2.36
5239 2. 36
5240 1.38
5241 1.60
5242 1,69
52473 0.87
5244 2.60
13245 1.58
s246 0.84
5247 1.53
5248 1.24
524y Nt
5250 1.38
5251 : 1.43
5252 NT
5253 1.00
5254 1.94
5Z55 NT
5256 0.89
5257 1.45
5258 2.42
5259 0.54
5260 0.98

$261 1,22
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Table 5 Growth and ethanol production by halotolerant yeusts in

molasses medium contained 17% of sodium chloride, at 40°C.

Strain Lol concentration{0D660) _Etharal concentration
No. O0h 72h 72-0"h h 72h  72-0h

031 0.54  0.73 0.19 0.50  0.40  NEP
062 0,49 6,9 5,82 2.0 H.80  3.89
065 0.85 4.02 3.37 0.3 5.97  5.67
086 118 3.06 1.6 1,90  1.50  NEP
090 166 5.7% 1.09 0.50 5.80  5.30
092 (.65 6.24 5.55 0.30 5.60 6.30
116 0.9%  3.49 2.51 0.15  4.20  4.05
126 2.83 .04 6.22 g.10 16.99 16.89
130 116 4.43 3,27 0.9 11.58  10.59
149 0,00 205 1.45 1.29  1.70  1.15
167 L.A9 3,07 1.63 1.51  1.26  HEP
174 NhY o 0.48 NG 6.40  0.15  NEP
190 2,07 2,16 0,09 1.06  2.51  NEP
229 1,38 4,59 3.21 1.26  6.29  5.03
245 0,70 4.16 3.46 0.50 6.60  6.10
252 1,29 0.95 NG 0.80  0.20  NEP
254 1,30 1.3 0.07 1.81  1.35  NEP
257 0.26 1,36 1.10 0,69 3.75 3.06
270 1.21 0,72 NG 0.20  0.04  NEP
283 1.aa 1011 NG 0.10  0.20 0.10
290 0.62 0,92 0.34 0.40  0.20  NEP
294 0.5 0,55 NG 0.99  0.76  MNEP
295 0.65 0.80 0.15 0.20 0.0  NEP
326 1.06  3.09 2.03 0.10  4.00  3.90
344 1.06  1.96 0.09 0.63  2.09  1.46
346 .15 1,76 0.61 0.51 17.75 17.24
352 0.83  0.73 NG 0.30 0 NEP
356 1.86  6.90 5,04 1.51 17.75 16.24
357 0,72 1.93 1.21 1.26 1.11 NEP
365 C.61 .32 0.71 0.30 680 6.5
366 1.03  5.27 4.24 0.80 9.02 8.22
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Table 5 (continue)

Strain Cell concentration{0N660) " Ethanol_concentration

No. 0 h 72 h 72-0 h

370 0.64 3.67 3.03 1.0 12.32 11,32
394 0.29 4.65 4.36 0 7.40 7.40
396 0.54 0.60 0.06 ¢.40 0,24 NG
399 0.92 0.69 G 0.50 0.10 NG
402 0.99 U.84 NG 0.50 0. 30 NG
103 0.66 1.00 0.34 0.30 0.10 NG
405 (.66 (3.92 0.26 0.50 (.50 NG
406 1.11 0,84 0.27 0.40 0. 10 NG
407 0.6? 0.73 NG 0.40 0.20 NG
408 0.66 1,66 1.00 0.40 2,00 1.60
409 1.08 0.99 NG 0.80 .11  0.31
5010 0.68 1.76 1.08 1.22 2.79  1.57
SO 1.40 1.85 0.45 1.05 1.85 0.80
5068 1.18 2.28 1.10 1.70 1.19  0.51
5069 0,71 0,72 0.01 0.86 0.80  NED
5205 0.61 0.26 NG 0.20 0 NEP
5233 0.98 1.10 0.12 0.20 0 NEP
5244 G.65 0.35 NG 0.20 0.20 NEP
NG = No qrowth

NEP = No ethanol production

0h 72h 7:-0h
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Table 6 Ethanol production and growth of 5. cerevisiae M30 in molasses

medium contained 5 % of sodium chloride , at 40°c,

Time Cell concentration Ethanol concentration
(h) (0D 660) (9/1)
0 0.92 2.51
b 1.10 2.68
12 1.17 3.49
18 1.54 5.15
24 0.95 NT
30 1.85 NT
36 1.47 9.98
42 1.49 10.04
48 1.73 NT
54 1.21 13.81
60 1.07 16.40
66 1.35 15.53
72 0.74 NT

*

Intitial sugar concentration was equivalent to 23.6 % of sucrose
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Table7 Ethanol production and growth of S. cerevisiae AM12 in molasses

medium contained 5 % of sodium chloride , at 40°c.

Time Cell concentration Ethanol concentration
(h) (00 660) (g/1)
0 0.97 2.96
6 0.38 3.28
12 0.60 3.56
18 1.21 3.62
24 1.49 3.39
30 0.61 4,16
36 NT 4.22
42 1.00 4.20
48 0.75 5.34
54 0.70 5.86
60 1.18 6.07
66 1.12 6.11
72 1.87 7.16

* Initial sugar concentration was equivalent to 23.4 % of sucrose
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Table 8 Ethanol production and growth of 5. cerevisiae Sc90 in molasses

mediom vontained S ¢ of sadiun chlovide , at 40°c.

Time (el concentration  Ethanol concentration
(h) (0D 660) (9/1)
0 0.70 2.23
4 1.00 2.65
8 0.80 2.80
12 0.85 2.28
16 0.64 2.76
20 1.17 2.77
24 0.51 2.74
30 0.81 2,66
36 0.37 2.95
42 0.58 2,85
48 0.52 3.29
54 040 2.87
60 0.43 2,97
66 0.59 3.17
72 0.29 NT

* Initial suger concentration was equivalent to 22 % of sucrose
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