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  Freeze-telerant yeasts were  screened  from natural  sources  and  their characteristics  for dough
ferTncntative ability  were  studied.  One-hundred  and  44 strains  of  fermentable yeasts wcrc  iso-

lated fiom various  sources  using  Koji extract  as  a  selection  mcdium.  Four strains  of  ycast, D2-4,
E2, F6 and  A2, which  had rclativcly  high frtezc-tolcrance and  dough  fcrrnentative abillty,  werc

selected.  Their freezc-tolcrance ratc  rangcd  from 70 to 92%,  which  reeectcd  the high ferrnenta-

tive ability  of  preferrnentcd frozen doughr after  storing  at  
-30℃  for several  days. Thc D2-4

strain  also  shorvcd  thc highcst fermcntative ability  in thc  sweet  doughs, but in spengc  doughs,

C02  production in the  later stagc  of  fermentation tended  to  decrease due to the  lack of  maltose

fermentation ability,  The quality  of  bread from frozen dough with  the  Dt-4 strain  was  superier

te  that  prcpared by  Sacthareayces eerevisiae,  which  was  used  as  a  centrol  strain.

                                                  (Receivcd Janua ry 1I, l989)
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  latrod"ctten

  Recent use  of  the  frozen-dough method  in thc

baking  industry has been  increasing in spite of  the

reduced  dough fermentative ability  of  thc  ycast

after frozen doughs are  thawed.  As reperted  by

many  workers,i}2)  dough fermcntation before freez-
ing is the  most  important factor afllecting the

stability  of  yeast. Many  studies  have shown  that

deugh fermentation befbre frecaing causes  extreme

freeze-darnage to bakers' yeast, and  the  quality of
'bread

 preparcd from  prefermented frozen dough

is irrferior to that of  bread frem unfrozen  dough.3)-S)
Howevcr, doughs with fu11 fermentation are  known

to producc bread with  a  better loafvolume,  aroma,

taste and  texture  than  those without fermentation.
Therefore, thc use  of  free2e-tolerant yeast which

does not  undergo  much  freeze-darnage by fermcn-
tation  before freczing is necessary  in the  balting
industry. Several freeze-tolerant yeasts suitable

for practical use  in haking, e.g., Saccharomsces rosei

( TorutasPera delbrueckii),`' S. cerevisi`re FRI-413"  and

FRI802t', and  Klayverenp¢ es tiimnotoLerans  FRI-

501"' have been reperted.  The  sereening  of  ycasts
from natural  sources  which  havt acceptable

freeze-tolerance and  good  baking qualities remains

(115)

important.

  In the present paper, we  report  the isolation of

some  strains  of  freez"tolerant ycast from natural

sources,  their dough fermentative ability  and  their

baking quality.

  Matethis  and  methods

  }'lraststrains. Twostrainsofyeastwerecmployed

throughout  this work  as  controls:  Shrcharmnices
cerevisiae 2oo1 (a strain  of  commercial  bakers' yeast
from Oriental Yeast Co., Ltcl.) as  the non-freeze-

tolerant strain,  and  S. rosei IFO  1 129 (now classified
as TorulasPera delbrueckii) as  the  freeze-tolerant
   .stratn.

  Caltiuaticn of the pteasts. All the  yeasts were  pre-
served  on  petato agar  slant  medium  containing

5oo ml  of  20%  potato cxtract,  30 g of  pressed
bakers' yeast, 15 g ef  glucase, 15 g of  sucrose,  and

15 g of  agar  in a  total  volume  of1L  One  lcKrp-
ful ofyeast  was  inoculated into 5 ml of  YPG  me-

dium  which  containcd  2%  glucose, O.5%  yeast
extract  and  O.5%  polypeptone, and  was  cultivated

with  shaking  at  3ueC  for 24  hr. The  culture  was

transferred to 1oo ml  of  the same  medium,  and

cultivated  aerobically  in a  5oo-ml shaking  flask
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at  30eC for 24 hr. The  yeast cells  were  harvested
by  centrifugation  at  3,OOO rpm  for 10 min,  washed

twice  with  distilled watcr,  and  kept at 4eC until

use.

  kelatien of7eastsfiom van'otts  sources.  Koji cxtract

(Brix 120) containing  loo ppm  of  chloramphcnicol

was  used  as a  medium  for accumu]ating  and  select-

ing the  fermentable yeasts from natural  sources.

A  small  amount  of  various  samples  for sereening

was  added  to 5 ml  of  this medium,  and  cultivation

was  carried  out  with  reciprocal  shaklng  at  300C
for 72-96 hr. Yeast colonies  werc  obtained  by
streaking  the  culture  broth on  YPG  agar  medium

and  incubating at 30eC for 48-72 hr. The  yeast
co]onies  which  had  a  diffhrent appearancc  on  the

culture  plates were  pickod up,  and  pure culturing
was  repeated  three  times  by  plating them  on  the

same  medlum.  The  isolated yeast strains  were

cultivated  with  shaking  in 100 ml  of  YPG  medium

at  30eC for 24 hr, harvestcd by centrifugation  at

3,ooO rpm,  and  washed  twice  with  distillcd water.

The  harvested cells  were  used  for the  prcparation
of  frozen dough to examine  their  freeze-telerance
according  to the  method  dcscribed below.

  Proparatien of doughs and  nteasurement  of.formettta-
tive ability. Commercial bread-making fiour (Ka-
meria,  Nisshin Flour Mills (]o., Ltd.) was  used  for

preparing  the  deugks. The  ingredients of  each

dough and  thcir  preparation fo11owed the  method

of  the  Japan Yeast Industry Association.iO) Straight
bread dough contained  100 g of  flour, 5g  of

sucrose,  2 g of  salt,  2 g of  yeast (wtt weight)  and

62 mi  of  water.  Sponge dough contained  loo g of

flour, O.5g of  salt,  2g  of  yeast, and  65  ml  of

wattr.  Sweet dough containod  100 g of  flour,
30  g of  sucrose,  O.5 g of  salt,  3 g  of  yeast and  52
mlofwater.  Eachdoughwasmixedtoitsoptimum

devclopment by a  bread mixer  <Osaka Gas 08-O02),
the dough temperature  being kept at  300C through-
out  mixing.  The  fermentative ability  of  each

dough (30 g) was  measured  by a  Fermograph

AF-1000 (ATTO Co., Ltd.), which  can  measure

autornatically  thc  gas production in ferrnenting

dcrugh with  time.ti' The  dough  expansion  ability

of  sweet  dough was  cxarnined  with  a  bottomless

graduated  cylinder  according  to the  method  of

thc  Japan Yeast Industry Association.tO)

  PmparationoJfrozendeqgh. StraSghtbreaddoughs

prepared by the formulation just described were

prefermented at 30ea for a  given period of  timc,
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  then  divided inte 30 g pieces, rounded,  protected
   in wrapping  film, and  kept at -30"C.  After

   stering  for 3 to 14 days in a  freezcr, each  dough

   was  thawed  at  3orC for 2 hr and  remolded,  and

   its COz  production  mcasured  by the Fermograph.

    Examination of the .theeze-toterance ofJeasts. After

   2 hr of  prefermentation at 300C, each  dough (30
   g) was  punched  and  stored  at  -300C  for r week.

   The  doughs were  then  thawcd  at  30"C  for 2 hr,

   and  their  fermcntative ability  was  measured  by

   the Fermograph. The  yeast strains  which  released

   more  than loo ml  of  COi  per 30 g of  dough for

   5 hr were  selccted  as  freeze-tolerant yeasts, based

   on  the  COz  production by S. cerevisiae of  about

   2oo ml  of  C02  per 30 g of  dough for 5 hr. The

   freeze-tolerance rate  of  each  yeast was  measuredi2)

   in 25 ml  of  Atkin's rncdium:3'  (deseribed later),

   in which  rnaltose  was  replaced  by 10%  sucrose,

   in a  Meisel ftask, wet  yeast cells  (200 mg  dry

   weight)  being added  and  fermentecl at  30"C for 3

   hr. The amount  of  C02  released  was  measured

   [FIO (3hr)]. In another  flask, fermentation  was

   earried  out  for 1 hr [FIO (1 hr)], and  immediatcly

   followed by freezing at  -3orC.  After storing  for

   1 week  at  -300C,  the  flask was  immersed in a

   water  bath at  30eC for 10 min, aad  the COt  pre-
   duction was  measured  for 2 hr [FIO (F)]. The

   freeze-tolerance rate  was  calculated  by the  fo11ow-

   ing equation  :

        Freeze-tolerancc rate  (%)=FIO (F)/
           {FIO (3 hr)-FIO  (1 hr)} × 1oo.

    Estimatien of ntaltose  fcrmentative tzbitity. Atkin's

  medium  was  used  for measuring  the  rnaltose  fer-

  mentative  ability  of  the yeasts.ist The  medium

  contained  5 g of  maltose,  O.3 g of  glucosc, 150 ml

  of  l/15 M  phosphate buffer (pH 5.6), 1oo ml  of

  nutrient  solution  which  contained  5.7 g of  urea,

  2.9 g of  ammonium  sulfate, 2.3 g of  magnesium

  sulfate, 4.6 mg  of  thiarnine hydrochloride, 4.6 mg

  of  pyridoxine hydrochloride and  46 mg  ef  niacin

  in a total volumc  of  1 l. Twenty ml  ofthis  medium

  was  taken into a  Meisel flask, O.4 g of  wet  yeast

  was  addod,  and  thc flask was  incubated at 300a.

  The amount  of  C02  released  in 2 hr was  measured

  from the  lost weight  of  each  flask.

    Pteparation ofbread. Straight dough bread from

  fresh and  frozen dough was  rnade  ffom  400  g of

  fiour, 20 g of  sucrose,  8 g of  salt, 248 ml  of  water,

  and  8 g of  wet  yeast, which  had been  cultivated

  aerobically  in YPG  medium  at  300C for 24 hr as
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previously

was  divide
white  bread. The  baking conditions  wcre  a mix-

ing time  o"5  min,  fermentation time  of  150 min.

proofing  timc  of  70 min  for fresh dough, baking
time  of  20-25  min, and  baking  temperature  of

220eC, The  weight  and  volume  of  each  1oaf was
measured  immcdiately after  baking, the  loaf vol-
ume  being  determined  by  the  methed  of  rapeseed

displacement. Sensory evaluation  scores  were

obtained  for the  aroma,  taste, grain, texture and

color  of  the  bread.

  describcd. Each  fermented dough
d into four pieces (165 g/piece) to make
                               .

Table  1. Isolation offreezc-tolerant  yeasts
        from  various  sources

Source
                 Number  of  frceze-
Number  ef  isotated

  yeast strains  
tOle(rastlLtinYe)

 
asts

SoilWatcrSapGrainsFlowersFruitsFoods311-5961177 1oo111o(Az)

<D,-D(&)(F6)

  Results and  discussion

tsolation of the.freeze-tolerant.J,easts
  The  yeasts were  isolated frorn such  sources  as

soil, sap,  flowcrs, fruits and  fermented  foods, using

Koji extract  as a  selection  mediurn.  As shown  in

Table 1, 144 stra{ns  of  fermentab!e yeasts were

isolated, and  their  freeze-tolerance was  examined

by measuring  the  dough fermentative ability after

thawing  a frozen dough  which  had  been prefer-

mentcd  for 2 hr. Four  strains,  A2 from soil,

D2-4  from grain, E? from flowers, and  Ffi from

fruit, were  found to have relatively  strong  freeze-

tolerant characteristics  as  well  as  a  high fermcn-

tative  ability.  The  freezc-tolerance rate  of  the

selected  strains  as  an  index of  frecze-tolerance in

frozen dough was  compared  with  that  of  Saccharo-

nv,ces cerevisitze  2oo1 and  Slaccharontyces rosez' IFO
1129 from laboratory collections,  which  are

known  as  non-frceze-  and  frecze-tolerant yeast,
respectively.  As shown  in Table 2, thc  four

selccted  strains  had  a  high freeze-tolerance rate

ranging  from 70 to 92%,  while  S. cerevisi`te  had a

lower rate  as was  expected.  E2 strain  showed  the

Total 144 4

highest frceze-tolerance rate, which  was  comparable

to that  ofS.  rosei,  the  contro1  fbeeze-tolerant yeast.

opect of pref)rmentation tirne and.fi'oLen-storage  pariod
on  the detGgh 

.famenlative
 abUity

  It has been reported  that  bakers' ycast is liable

to undergo  freezedamagc by  the prolonged pre-
fermentation time  and  frozen-storage period,

resulting  in a  poor  fermentativc ability  and  long

proof  time  for frozen dough.")iS) Figure  1 shows

that  the fermentative ability  of  ftozen dough Tnadc
by S. cerevisiae decreased considerably  with  the

incrcase of  prefermentation  tirne and  ffozen-storage

period, The  fermentative ability  of  frozen dough
by S. cerevisiae,  which  was  prefermented for 2 hr,

after storing  for 1 week  at  
-3crC

 was  reduced  to

a  quarter of  the  value  for fresh dough.

  On  the  othcr  hand, the  fermcntative ability  of

the  se1ected  strains and  S. rosti  was  lcss affected  by
the  prefermentation  time  and  frozen-storagc period
than was  S. cerevtsias.  In the  fronen dough  made

Table 2.Freeze-'toterance rate  of various  yeasts

Yeast strain FIO (3h)
  (ml)

FIO {F)
 (ml)

Freeze-telerancc
  ratc  (%>'

S. ccrevisiae

S. roseiA2D2-4E2Fe

amleo190mo1602SOeo1371381eo120ISO3691eooo9270

.
 FIO  (F)1{FIO

was  determined
methods  section.

{3h)-FIO(lh)}x1oo. Freeze-toltrance rate

by  the  method  describcd in the  materials  and

(117) as
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Fig. 1. Effect of  prefennentation time  and  freeze-

      storage  period on  thc  dough fermentative

      ability  of  various  yeasts

Frecze-storacg period: e  3 days, i  7 days, 1  14

days. o  inida1 fmmcntative ability  of  unfrozen

dough.

with Aa  and  Fe strains,  the  fermentative abilities

seemed  t6  increase slightly  with  an  increase of

prcfermentation time.  The  same  phenomenon
has been mprted  with  such  freez"tolerant strains

as S. cerevisiae  FRI-054 and  S. rosec'.iS' D2-  ̀ strain

showed  rclatively  high ferrneritative ability  in

unfrozen  fresh dough and  frozen dough,  and  little

difference in the dough fermentative ability was

observed  throughout  a  frozen-storage pcriod from
3 to 14 days.

Fernwntation curves.fbr.fiesh  ttnd.frezen  dbttghs

  The  gassing power  of  frcsh and  frozen doughs

prepared  from the  four selectcd  yeast strains, S.
etrenisiae and  S. resei was  investigated. As shown

in Fig. 2(A), Dz-4 strain  maintained  a  relativcly

high ferrnentative ability  in fresh dough  for about

3 hr of  fermentation, while  that  of  S, cerecwhe

seemed  to decrease gradually after  ferrrteritation

for2 hr. F6 and  At  strains  had  poorcr fermenta-

tivc ability than  E2 strain  and  S. rosu'. The  fer-
mentative  ability  of  tliese yeast strains  in frozen
doughs stored  at -30eC  for 1 week,  which  were

prcferrnented for 2 hr, is shown  in Fig. 2(B).
The  fermentative abillty  of  all  the strains tested

was  decreased as compared  with  the result  shewn

in Fig. 2(A). S. cerevisiue  was  affected  greatly by
frcezing, suggcsting  that this yeast is veny  suscepti-

ble to  darnage by freening. It has been reperted
that activated  bakers' yeast after initial ferrnenta-
tion  is more  susecptible  to freczeriarnage than

 26

                co 1mo 1eo

          Fermentation tirne (min)

Fig. 2. Gassing power  of  fresh and  ftozen doughr

      madc  ffom various  ycasts

(A) Fresh deugh, (B) frozen dongh. Each  dough  was

prefermented at 300C for 2 hr befTore freezing in (B).
e  S. cerevisiae, O S. rosei, 1  A2, O D2-4, A  E2, A
F6.

non-activated  yeast, and  that ethanol  as the main

fermentative product by yeast may  cause  damage
to the ycast during fbozen storage.t`' As shown

in Fig. 2(A), both S. ctrttdsiae and  D2-  ̀ strain  gave
the rnaximum  gassing rate  in the early  stage  of

ferrnentation, which  suggests  that similar  ameunts

of  ethanol  may  have been accumulated  in the
ferrnented dough madc  by these yeast strains.

Tlherefore, the distinct differtnce of  the degree of
frcczedarnage between S. terevisitte and  D2.4  strain

as  shown  in Fig. 2(B) rnay  partly be due to the
difference in susceptib-ty  of  thc two yeast strains
te ethanol,  although this deduction needs  to be
invcstigated further in detail. From  these results,
D2-, strain  was  found to be a  potent freeze-tolerant
strain  among  the selected  strains.

FenTwntative ability  of .yeast .for s:ueet  detrgh and

spe,rgt deagh

  Figure 3 shows  thc  dough cxpansion  ability  of

various  yeasts in sweet  doughs containing  30%

sucrose,  based on  the flour by cylinder  method.

D2.  ̀ strain  had the  highest dough expansion

ability  in swcet  dough, fo11owed by Ez, F6 and  Az

(118)
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5.cerevisiaeS.roseiA2'.]

E2F6

100 3oo
           Dcx}gh Vclurne(mVeOrrin)

  Fig. 3. Dough  expansion  ability  for various  yeasts

        in sweet  dougks

  e  S. cerevisiae, O S. rosci, -  A2, O  D2J4, A  E2, A
  F6.

strains, while  S. resei, which  is known  as  an  osmo-

philic strain,  shcrvved  a  lowcr dough  fermentatiy¢
ability, and  S. cerevin'ue thc lowest. These  results

indicate that  the  selected  yeast strains were  all

osmotolerant  (sugar-tolerant) and  that  they  may

be applicable  for preparing sweet-dough  bread,

  The  fermentativc ability of  these  strains  in
sponge  dough was  examined  by the Fermograph

(Fig. 4). It has been reported  that  an  initial

fermentation of  sponge  dough by bakers' yeast
occurs  by the  degradation of  glucose, fructose and

sucrose  in the flour. After thc consumption  of

these ferrnentable sugars,  yeast adapted  to ma]tose

fermentation uti1izes the  maliose  derived frem

darnaged starch  by fiour amylases,  which  results

in the second  pcak of  maltose  fermentation.i6)
As  shewn  in Fig. 4-a, the Ferrnogram of  S. cerevisiae

gave two  fermentation peaks, the first one  arising

from the fermentation of  glucosc and  sucrose,  and

the second  one  from that  of  rnaltose.  D2-4 and

E2 strains  (Fig. 4-d, e),  on  the other  hand, seemed

to have little fermentative ability for maltose  like
S. rosci  (Fig. 4-b), since  the C02  production  in the

]ater period of  fermentation apparently  decreased
without a  second  fermentation peak  appearing.

In A, and  F6 strains  (Fig. 4.c, f), howcvcr, C02

production  was  continucd  for 5 hr, indicating that

these  strains  may  have had maltose  ferrnentation
activity.  These  results  corresponded  to the result

for the  liquid fermentation ability of  maltose  by

yeast shown  in Fig. 5. A2 and  F6 strains  showed

a  relatively  higher maltose  ferrnentative ability

than D2.4 and  E2 strains.
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10

o5

rtsg?

l,g
ifoNOv5

tKsY..-L-..

   {a)]
×

-x-.

.

(b)

Quality of brcad Propared by tile fieeze-toLera,u )easts
  A  baking test was  carried  out  in order  to as-
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        o
              oo 120 1eo 240 300

            Ferrnentation time  (m i n)
Fig. 4, Fermentation curve  for sponge  doughs made

      ffom  various  yeasts

Solid lines indicate thc amount  of  total gas released,

and  dotted 1ines indicate that  of  intcrnal gas retained

in the dough. (a) S, cerevtsiae,  (b) S, rostt', <c) A2, (d)
D2-,, (e) Ez, (f) F6.

Fig. 5.

      O ro 40
      co2padntwhgou

Maltose fetmentative ability  ofyarious

in Atkin's liquid medium

yeasts

certain  thc quality of  bread  madc  from the  isolated

frecze-tolerant yeasts, in comparison  with the con-
trvl yeast strains with unfrozen  frcsh dough and

frozen dough. As shown  in Tablc 3, the bread

prepared bv S. cerevisi'ac with fresh dough had the
highest specific  volurne  and  good quality in ex-

                                      27
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3. Qua]lty of  fresh-dough bread from various  yeasts

Yeaststrain
Bread  volume

   (ml)
Specific volume
(volumetweight)

QvaIity
 scorel

S. cerevisl'ae

S, roseiA2D2-4E2F6

2,8202,

 5802,

 5ro2,

 9502,
 9202,

 6oo

4. 74.03.

 94.54.14,

 I

80. 079.
 375.
 988.

 077,
 178.

 6

*
 The  samplcs  were  rated  on  the  basis ofa  maximum  scorc  of  Ioo points
for the  following quality  characterlstics  : external  appearance,  30 {volumc,
color  ofcrust,  symmetry  of  form, crust,  cvenness);  internal appearancc,

70 (graln, color,  tcxture, aroma,  taste).

  Table 4, Qyality of  frozen-dough bread made  from various  yeasts

Yeast strain
Bread volume

   (ml)
Specific volume
(volumctweight)Qsiality score

Ptooftimc
  (min)

S, cettvl'siae

S. reseiA2D2-4E2F6

l, 7M2,

 4oo2,

 1502,

 4202,

 2SO2,

 2eo

2. S4,

 O3,54.

 13.93.

 8

52. 478.

 670.

 182,

 975,97S.

 O

2a5oo120es110102

Each  dough  was  prefermcnted for 120 min  prior to  frcezing, and  frozen at

l week.  The  frezen doughr wcre  thawed  at  30eC for 2 hr. The  samples

by the method  described in the fbotnote to Tablc 3.

ternal  and  internal appearance,  as judged by a

sensory  test for such  paramcters  as the color  of

crust, grain, texture,  aroma  and  taste. The  bread

prepared from D2.4 strain  had an  almost  equal

value  for specific  volume  as that ofS.  cerevisias,  and

the  quality of  D2.4 was  bctter than  that  of  S.

cerevtslae.

  Table 4 sliows the quality of  bread  prepared
from  the  prefermented  frozen doughs with  various

ycasts, and  their  proof time.  Frozen dough made

by  S. cerevisiae  showed  a  proof time longcr than

2oo min,  and  the rpecific volume  and  quality
seere  for the bread was  the  srnallest  amortg  the

yeast strains  testcd. On  the other  hand, the proof
time for each  dough made  ffom the  isolated

frecze-tolerant strains  was  shorter  than  that ftvm

S. cereon'sias. De-4 strain  had the  shortest  proof

time and  the 1argcst specific  volurne  of  bread with

good  quality arnong  the yeasts tested. Thcse

results  indicate that  D2-4 strain  is an  eMcient

freez"tolerant yeast and  that it may  be applicable

 za (1ee)

-30eC  for

were  rated

for practical use  in  the ffozeri.dough baking pro-
cess.

  In order  to classify the isolated freczc-tolerant

ycasts, such  propertics as the morphological,

physiological, cultural  and  sexual  characteristics

wcre  investigated, and  the yeasts were  identified

as  Tenilaspara species.  Ttiese results  will  be pre-

sented  in the nes[t  paper.
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冷凍耐性酵母の 検索とその パ ン 生地発酵特性

韓　　英淑，河合　弘 康
寧

（奈良女 子大 学大 学 院 人 間 文化研究科，’
奈良女子大 学家政 学部）

平 成 元 年 1 月 11 日 受 理

　冷凍生 地 製 パ ン に お い て は ，生地解凍後の 酵母 生存率お よび発酵能の 低下が問題で あ り，こ の 点

は 冷 凍耐 性 酵母 の 使用 に よ っ て 解決 さ れ る，本研 究で は ，自然界か ら冷凍耐性酵母 を 検索 し，そ の

パ ン 生地発酵特性を検討 し た ．麹汁を分離用培地 とし て 種 々 の 試料 か ら合計 1“ 株 の 発酵性酵母を

分離し，その うち Dz −4，　E2，　 F6，お よ び A2 の 4 株 が比較的高い 冷凍耐性 と生地膨脹力をもつ こ と

を 明 らか に した ．それ らの 冷凍酎性率は 70〜92 ％で ，い ずれ も 一30℃ で 数 日間貯蔵 した 前発酵 冷

凍生地 で強い 発酵能を 示 した，と くに，D2．4 株は高糖生地中で最高 の 発酵力を示 した が，中種生地

（無糖生地） で は マ ル ト
ー

ス 発酵能 が な い た め 発酵後期で の ガ ス 発生 量が減少す る 傾向が み られた．
D2−4 株 を 用い て つ く っ た 冷凍生 地 パ ソ の 品質 は S ．eerevisiae 　2001 の そ れ よ りもす ぐれ て い た ，

キーワード ； 冷凍耐性酵母，冷凍耐性酵 母 の 検索，冷凍生地製 パ ン 法，冷凍耐性率，
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