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" Dynamic Aspect tof Yeast-flora |
during Vinoﬁs Ferme’htation

Part 9. Preferentlal Isolatlon of Wild Yeasts CliY
By Yu wao -OHARA, Hideo NO\IOVIURA and Toyohiko YAMAZAKI

The frequency: of occurrence gf wild yeast flora during fermentation of white
must containing 50 ppm (No. 1) and 150 ppm (No. 2) of sulfur dioxide were studied

- with a synthetic agar containing - lysme as' sole ource of nitrogen and ‘a malt

agar containing 20 ppm of actidion' The-representative 20 pure cultures out of 524,
strains isolated at random, and the 14 cultures of 23 strains obtdmed collectively
were 1dent1f1ed according to the system of Loomm and Krecrn-van Ru and classified

in 14 groups (specxes) as follows

- Rhodstorula nualdgmosa (A), Candida spp. (B), C. krusei (C), C. guzllzer-— ‘

o zdzz» var. membraiaefaciens (D), C‘“a[bz_mns (E), C. tropicalis (F), Tor ulcpszs

vinacea (G, T. bacillaris (H), Kloeckera apiculaia (I'), K. africana (), Schizo—

’

-saccharomyces: pombe (K), Saccharomycodes ludwigii (L), Saccharomyces roset
(M), S. florentinus  (N). «

It was ~shown that the initial populatxons of these yeasts were about 15>< 108
per ml of must No.l and 0.5% 10° per m/ of No.2, and decreasing in numbers toward = .

later. During the initial stages of fermentation C, G, H, I and M predominated in

“must No.l whereas in No.2 only G and M were isolated prevaleatly. On- the other
hand, L devel loped during ‘the intermediate phase while-M disappedred (in must
No. 2), however -G servied, and -a minute number of C and K was found until later.
In this respect, it was reported’ that the occurrence of K was worth recogmzmg
and also G was the one most prevalently isolated.
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TABLE I

b ﬁ*mﬂt%@k %@%ﬁﬁ&ﬁ%l/’kh‘ %%ﬁéﬁ(
(,oudzlzons of the Musts at the Period Sampled, and Yeast
Po/)ulatzons Measm ed with the Two Se[ectwe Media

‘ \No ' Must ' Lot SO, Alcohol ' Yesat Cou"t per ml b
Stage(Tlme)“> Added Content SAL - MAA Total
days S 'l _ p;mi 'aol % ol X0t X 10%
. Cv) . 18 50 0 .. 16.0 13.4 29.4
1 { o (é) 18 s 7. 13.0 88 = 2.8
lm ogs)y s 0 14 5.9 2.4 8.3
I 18 150 0 . 5.8 1.6 7.4
210 (14) - 18 150 7. 20 1.2 3.2
' '1‘11» (o s 150 14 o 02 . 1'1 ,

) I s II o, lﬂltldl mtermedlate stage and after completxon of the fermentatlon
respectively. :

b) Measured from the count of colonies’ appeared on the plating medium. SAL,
modified WickgruAx'S s;nthenc agar medium containing lg I—lysme—HCl as
the sole source of nitrogen ; MAA, malt extract agar medium containing 20 -
ppm of actidions. -
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Groupmg and Deszgnatzon of .the Representatives of ‘the Isola{es
Obtamed from Successwe Stages of Fermentation

. o ‘ : No. of the Isolates obtained® Total®
Group TGN Pleng ) st Mot MustNo2 T Gollet-

iMIf——ﬁI m ,Random‘ ively

R-4 SAL E S .' 1(1)’

A
B K42 - MaA o F o 2D
C  K-43~45 ~ SAL - 20 2 1% 7F g% ok 23(3)  4(0)
o ! K-46; 49 SAL - 1% % 1% ‘ B¢ N
| K47 ; 48 MAA  1EE o aw i 3(2)
E ~  K-50 MAA V Cax o)
F K-8 MAA 1% » 101D
‘o {0_73;76 SAL. 6 21 11 13 11 7 6(2)-
0-74777  MAA 14 26 38 35 57 42 n2(2)
H T-13;14 SAL- 4 11 . % 0§ 21(2)
_{~.A~20. ' SAL a1 o) .
I A-21~23  MAA 20 21 ] a2y 1)
] A-24 SAL o 1(1)
K 0-77;78 -~ MAA 1% o 4(2)
L - O-79~81  SAL 17 27 . 27 71(3) :
‘M O-82~84 . SAL l0 25 16 23 ©74(3) ,
N  O-85~88  MAA (SR N S 202) 22D
‘{Obtained ' { SAL 40 70 44 37 43 34 " 268(14)
"at random | MAA.. 34 47 38 36 59 42 256(6)
Total * - ,
-+ 7 1 Obtained SAL 1 1 | 32 1 9(4)
| collectively { MAA 2 2 2 &5, 2 i 14C10)

a) No isolate was obtained with 'the medium omitted. .
b) An astérisk ( *) attached to a number indicated that the isolates were obtamed
~ collectively. . :
c) Numbers of the strains studied taxonomically are given in the paxentheses
/For the abbreviation see Taste 1. :
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Group

Streak Culture on Malt Agar aftel
"~ Ouve Month at 25° C

Sunface Growth on Malt '

Extract at 25° C

<

N

-Red, shining, smooth mucous
White powdery, delicately folded
Yellowish br_own. dull, almost flat, wrinkled
Yellowish brown, partly hirsute, entierly wrinkled
erllowish\ beWn with a greenish tinge, pimpled
Yellowish gray, p
Pale, grayish white, vglistenin@du‘ll,

partly hirsute, strdngl_y folded
almost smooth
Pale, grayish white, shining, thin ‘

Pale, grayish white, glistenin'g, flat, almost smooth

_' Ring

Thick shmy“’
Thin, dry»
,Thinb, fragile®
Islets, ring
Thick, slimya . -
None

None

Islets

CRC~ T QUE OO W

Yellowish brown, pimpled all over the surface

Pale brown,

Pale, yellowish brown, ghs,tenm,,,
Pale, yellowish gray,"

glistening, shghtly raised, ‘smooth
almost smooth
<hining, flat, warty

: Cream4colored, glistening, partly warted, raised

. Thin ring

Islets
None

None
Thin‘ ring

a) Creepmg up.

b). Afler one month the tube is fxlled w:th A memblanous yellowish mass.

Tasee IV ) .
ko  Characteristics of Reproduction
Group  Budding - Formztsi%:\d?)?:ygz}tzgl Agdar Foim;?xscfr?‘;&?rreAscus
A Multilateral - Nobe None .
B Multilateral®). Abundant, “Mymcandldd type. True Noae ;
S mycelium is produced. ) :
c Multilateral ~ Abundant, “\chotorulmdes or None
: “Candida” type : » -
D Multilateral®  Abundant,- ¢ Mycotoru]oides type. None
. i “Blastodendrion” extend into the air. :
E Multilateral . Rich. “Mycotorula” type. Chlamydospores None : o
Co are formed., True mycelium is produced. :
F . Multilateral - Abundant, “Mycotorula” type. True None
T . Mycelium is produced i -
G Multitateral  None None
I ¢ Multilateral \Non"e‘ - None )
1 ‘Bipolar Primitive . None
¥ Bipo}larv Primitive, "‘Mycocatidida” type None
'K TFission None : : 1-4 round ov oval®
L  Bipolar Fairly well 2:4 round®
M Multilateral ~ None i 1-4 round®
N - Multilateral Fairlv well, :“Candida" type 1-=3 round®

a) Occasionally shoulder buddmg

‘b)_Many asci are conjugated.

c) Spores are

conjugated in pairs in 4-spored-ascus. Str. O~79 seldom- produce 4 spored-asci,
d) Protuberances are present.’ :
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Tape V.

v Shape |

Shape and Stze ?f the Cells

“Size () after 3 days at 25°C

In Malt Extract

On Malt Agar

Short oval to oval

(3 —5 H)x{(4.5— 7.5

A (2 —3.5)><(3.5- 6-5)
B Long oval to cylindrical® = (2 —4 )X(3.5—117 Y (2 =5 Yx(2.5—14.)
c Long oval to cy'lindr/ical‘ (@3 75.5")‘/((/5.5—11, )y (3 H—AS.S)X(J =107 -
D Long oval to elongated® (1 —4 )%(3.5—13 ) (1.5—4 )x(2.6—13 )
E  Round to short cval S B57EX( —8) (3 —6 Ix(35— 8 )
P Oval , (4 —8)I%(5 =9 ) (3 —5 Ix(4 — 7.5)
G Round to slightly oval (355 )X(3:5— 5.5)  (2.5—4 I (2.5~ 4.5y
H  Short oval to oval (2 =3.5%@E — 5 ). (2 —3.5)%(3 — 55)
*1 . Apiculate or oval (2 —585)%X( —9 ) " (25-585)%(5 =9 )
] Lemon-shaped (3 =5 Ix(45=17 ) = (3.5—5.5)x(4.515.5)
. Short ¢ylindrical® - (4 —8 Ix(5.5-- 7.5) (4' —§ )IX(55—11 ) ‘
. K | Long cylindrical® (2 —3.8)%(6 —i6 ) (2 F3.5)>’<(5.‘5’—~Hv) -
L  Lemon-shaped (5 —6 I%(8.5-23 ) (5 —7.5)x(7.5=23 )
M Round to short oval = * (4 —6. 8)x (5 T~ 7). (35—7 )x(45— 7.5)
" N-  Round to short oval’ (4.5—5.5) X (4.5— - 7 }

(3.5-5 )X (35— 6 )

~a) Occastonally long pseudom;celxal cells are present,
.b) Strain O-77. "~ ¢) Strain O-78. N
T Tapee VI

iﬂilﬁl’}l*kir’f Ié'/rysmlogzca’ Properties

" Arbutin ‘Litmus Fat.-

o Fermematxon Assmulanon
OroUP ST ML RMeT D G S M L T KNO,EOH Split. ‘\/[illi Split.
A - == - +4w+ + = - 4+ 4w Coag.
B == — =2 4 eim == = 4P = Blue -
C . 40= = 4 — === =, 4P - Ble
D 4w+ D— + —dw + 4+ + + — 4+ — PO 4O Coagh +D
E +4w— 4 — — —4W + 4+ + + — + — +P = Coag. +
F ++++4+ -~ —4w + ++ 4 —+ — +P . + Ble +
G Awh— — — — — A -
H + -+ — =+ - + -+ == = -
I+ - === o= - -
B I e + = 4w+ — . - -
PR A A e e e ‘
HES S B I ST St ThE S LU
M ===t - - - = -
N +4++4+—+++ +4+++ -4+ - - -
D, \glucose G, galactoqe S, saccharose \/I maltose; R raffinose; Me, melibiose;
.- T, trehalose; w, weak ; P, pellicle. s v
e a ) Occasionally rather slow, b)) Occasionally negative: ¢ ) Occasionally

weak or negative. d ) Adaptively possitive or negative by the liquid method,
‘e) The color of medium changes to yellowish after 2 weeks. - £)" Strong.
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RHODOTORULA M'UCILAGINOSA (JORG) HARRISON
X - W Trans. Roy. Soc. Canada V, 22.: 187 (1928) ;

Lodde1 and K.-van Rij; The- Yeasts, Amsterdam, 656 (1952) S
Ohara and Nonomura Bull Res. Inst Ferm. Yamanashi Univ., No.2, 6 (1956)

One isolate was identified: R-4 (Group ATt was obtained from sulphurized

white wine must of Koshu variety (No.2) at mmal stage of fermentatxon w11h a -

- synthetic agar medium (SAL)

- CANDIDA KRUSEI (CAST) BERKHAUT,
Schxmmelgesl Momha, Oidium, Oospora en Torula, -
DISS, Utrecht 43 (1923) Group T Lodder and_K.-van le e,
492 (1952); Ohara and Nonomura, 1, ¢, No. 3, 3 (1956)

\Three 1solates were xdentlfled K~43 K-44, K-45 (Group C) It was one of the
' most aboundant yeasts isolated from the must No.1.at early stage of fermentation
“with a synthetic. medium (SAL). However it was obtained from both musts
throughout the expenments o ' R ' ' '

CANDIDA GUILLIERMONDII (CAST) LANG ET GUERRA VAR
MEMBRANAF FACIENS LODDER ET VAN RIJ, 1. ¢, 518 (195") §
Ohara et al, L ¢., No. 7 4 (1960)

- Four 1solates were identified : K- 46, K-47, K-48, K-49 (Group D) It was obtamed
from the musts at early stage of fermentatxon wnth both medium (SAL, MAA) used.
' There was a strong positive . reaction for spliting of fat and gave a positive
reaction to a weak trehalose fermentation. Lopper and Ki-vax Ru studied two strains
1abe ed C. chalmersi 813 and 814 obtained from Meaik (*42) who had isolated these
strains from flgS and dates. However, it bas not been reported that these yeast had

been xsolated from grape must and wme

~

CANDIDA ALBICANS (ROBIN) BERKHOUT, 1. c. (1923) ;-

Lodder and K.-van Rxf, I, c., 466 (1962) ‘

One isolate was studied K-50 (Group E). It was obtained frcm sulphurized
must (No.2) at initial \st‘age with a malt agar (MAA): It was ccnsidered that this
strain -identical to R-type have so far been observed ‘a pimpled profile of streak
culture, but a pelllc e formation was observed when ethanol was used ‘as the sole

carbon source and gave a positive reactxon to a treha ose fermentation. .

CANDIDA TROPICALIS (CAST) BERKHOUT
1 c., 43(1923) Lodder and K.-van Rij, 1. c., 502 (1952) ;
Soneda, Nagaoa, 6:9 (1959)

One isolate was studied : K-51 (Group F). It was obtained from the must (No. 2)
at initial stage thh a malt agar (MAA)
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Characteristics ‘of .this strain differs from those of the standard descrifytion of

Looper and K.-vax Risi in its thlck slimy - pellicle formatlon cn malt extract There
. was also a positive reaction to a splitting of fat and a weak trehalose fermentatlon,
and to the assimilation of kerosene. However, this strain consndered to be 1dent1¢al
to the isolate. descrlbed by Soneva. R '

" TORULOPSIS VINACLA OHARA ET AL.
, J Gen. App] chrobxol 10::77 (1964) e
Four isolates were 1dent1f1ed 0-73, O- 74, 0-75, O- 76 (Group G). It was
“isolated most frequently throughout the experiments, especially from the must after -
the completxon of fermentation thh a malt’ agar(MAA) :

TORULOPSIS BACILLARIS (KR. ET KRUMB) LODDER
Cent. Bakt. I, 86 : 277 (1963) ; Lodder and K.-van Ru, loey
423 (1052) ; Ohara et al., l ¢, No.3, 3 (1950) " No. 6, 17 (1959)
Two isolates were 1dent1f1ed T-13, T- 14 (Group H). It was iso ated from both

musts examined at intermediate stage of fermentatxon with a synthetlc medmm
(SAL) e
‘ KLOECKERA APICULATA: (REESS EMEND. KLOCKER)
* JANKE, Cent. Bakt. I, 76 : 161 (1928)
, Lodder and K.-van Rij, I.c, 596 (1952) ; Ohara et al., Le.,
_ No. 3, 4 (1956) ; No. 6, 15 (1939) 2
Four lsolates were identified : A- 20, A-21, A-22, A~”3 (Group I). It was. isolated

'most frequently from the must Nolkat early stage of fermentatzon with a malt

agar (MAA) o i
| KLOECKERA AFRICANA (KLOCKER) JANKE,
Loc, 76: 161 (1928): Lodder and K.-van Rij, Le,

600 (1952) ; Ohara and Nonomura, 1. ¢, No.3, 5 (1956)
One isolate was identified : A-24 (Group 7). It was obtained from sulphurized
must (No:2) at intermediate stage with a synthetic-agar (SAL).
SCHIZOSACCH'AROIV[YCES POMBE LINDNER,
' Woch. Brau., 10: 1298 (1893) ; Loddar and K.-van Rij, 1. c., 82 (1952) ;

Ohara and Nonon:ura, l. ¢, No. 8 7 (1061) Peynaud et al Arch. Mikrobiol,,
48 : 150 (1964) ; Peynaud and Sudraud, Ann. Tech, agr, 13 : 312 (1964)

' Syn. SCHIZOSACCHAROMYCES ACIDODEVORATUS. CHALENKO,
" Arb. 'Zéntr Wiss. Onol log. Lab. I\/Idskou-Leningrad 1 (1941) ;
Kuerawzew, Die Systematxk der Hefen, Berlm, 245 (1960)

Two 1solates were studied : 0-77, O 78 (Group K). It was obtamed from both ,
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Vmusts at later stage of fermentatxon with a malt agar (MAA).

Sporulanon of the strain O-78 isolated collectively from the must No. 2 after -

g cornpletxon of the fermentatlon was scarcely observed in pro longed ‘culture on malt

agar

SACCHAROMYCODFS LUDWIGH HANSEN
Cent Bakt. T, 12; 538 (1904) ; Lodder and K.-van Ru, L c
_ 303 (1952) ;-Ohara et al, 1. ¢, No.9, 17 (1962)

{‘hree 1solates were identified : O- 79, O-80, O-81 (Group L). It was isolated
most frequently from the must No.2 at later stage and rather abundant!y from the
must No.l after ccmpletion of the fermentation, with a synthetic agar (SAL).
 There was usually 2 spores per ascus, seld()m 4~spofed¥ascus‘ present in the

. strain 0—79

6ACCHAROMYCES ROSEI ((:U[LL) LODDER ET VAN RIJ,
I ¢, 187 (1952) ; Ohara et al, 1. c., No.6, 14 (1959) _
Syn DEBARYO”VIYCLS ROSEI KUDRJAWZEW, 1. ., 218 (1960)
Three isolates were ndemlhed O- 82 0-83, O-84 (Group M). It was isolated

frequently from the must No. 1" durmg and after fermentatxon, and from the must
. 'Noz at initial stage with a synthetlc agar (SAL) '

S 4CCHAROMYCF S FLORENTINUS (CASF )] LODDER
ET VA\I RIJ, 1 c., 218 (195’7) , a
‘Four isolates were studned O~85 0-86, O 87,0-88 (Group N). It was obtained

from the must No. 1 after completing of the fermentation and from the must No.2
at early stage with a malt agar (MAA).. ’

These strains gave a positive reaction to a fanrly good trehalos,e fermematxon L
and to fermentauon of - yeast—extract and no growth was observed at 32° C.

* Therefore, it was considered that these strains was not identical, but closely related .

to the species. Only one CASTLLL! s strain had been studied by Looorr and K. “vAN

" Rup”. However, Dostereg® 1solated six strains of these yeasts from vatious musts.

' CANDIDA SPP.

- One isolate was studied K- 4‘; (Group B). It was obtained from both 'musts»
examined at initial staoe of fermentation ‘with a malt agar (MAA).
This strain reuembles C. Zzpoly/zca (Harrison) Diddens et Lodder, C. myccdei ma -

‘{Reess) Lodder et K.-van Rij and C. zeylanoides (Cast.) Lang. et Guerra in its

inability to ferment sugars and to assimilating glucose only, however it differs

from C. lzpolytzca in its poor physxologlcal activity towards protem and fat; frem

<. ”‘yCOder ma in its morphologlcal propertxes of forming true mycehum and from

C zeylanozdes in its thick slimy pelhcle formduon on ‘malt extract
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Hé&ever there are some questions whether the i'solate is a yeast or not..

4. BEPCRT HEHEBEOS mﬁﬁ*kﬁﬁk‘@ﬁ .
SAL%JOMAAﬁ%&f%AH&w%ﬁmﬁ&uxD@bnt%%ﬁi0 %%hm
40 0 AR L AR Tasee 1 CRLIHE D C, SEREERABRR LI A~
N BO&RCET 5 2WKIE, TNTNORKEkE 2< B—0OREEHET 5 b0 LIRE
g, ARBCRE B EFHEAICHBES N (Tase 1) 205 A~NBAIOS e
CHEE Tams W O & 5D, Tass 1 R LS REOARIIC KT 5 &8 HC
A~Nﬁ@ﬁ$¥ﬁmﬁwéﬂ“%ﬁ%?%&le@iﬁhhmfé &ﬁf%é«

o Tapue W -
DRBBORANNEEE
Frequency with which Fach of the Wild Yeast Groups were
Found during the Successive Stages (T, I, S
and Thr oug/zcut % the F erme;ztntmn Period (P) -

Group © Medium® - The Frequency of Iaolatlon(%)b)
of . used Must No.1 Must No.2 ~~ Total |
Isolates ' 1T n om ¢ 1 1 m.‘¢ )
A Ronucilaginosa SAL R S
B Candida sp. -~ MAA .+ o+ o+ + o+
C C.krusei : SALY 50 3 4+ 14 4+ 4+ 4+ .8
D C.guilliermondii {SAL R T + + o+
: var. membran. MAA, + ot + o+ 4+
E C.albicans MAA + + o+
CF C.tropicalis MAA o + + +
G T.vinucea WA & B 8y rhun
W T.bacitlaris ~  SAL 10 16 0 3 N 5 8-
I K.'a,pic::lala‘ ‘ {E}Iﬁ}ﬁ: : 5?9 ;g 32 3w 0.1 ‘:
J K.africana ‘ SAL ) P . + 4.
K Sz.pombe  MAA R TR + o+ o+ o+
L Scludwigii SAL o s 63 79 48 26
M S.rosei SAL 25 35 3 33 6 ' 20 28
N S.florentinus .~ MAA o+ F o+ 3 0.1 1

SAL 100 100 100 100 100 100 100 100 100

Total MAA 100 100 100 100 100- 100 100 100 100

a) - No isolate was obtained with the medium omitted.
, b) The proportions. of isolates obtained at random to the sum total, , )
4, indicates unestimated occurrence ; 7, indicates probable occurrence . R
‘For the abbrevxanons of medxum see Tapre 1. i
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- Population 10% per mL
o

7/
. Dﬁys after Start 1
o [ -

3

Fig.1. Wild yeast populations measured
with SAL (@) and MAA @2 medium’
durmg the fermentation of must No 1(A)
and No.2 (B).

2

G, Torulopsis vinacea;
" H, T.bacillaris; .

1, Klioeckera apiculata;’

|

MIIITTTENT

-Population 10° per mh. -

@

L ;" Saccharomycodes ludwigit;

M, Saccharomyces roséi
- C, Candida krusei.

-

AN

. Days after Stért

SAL & MAA Wik 58 U THIE L BBk S B &, SAL & o8

GBI MAA LB S0 L 95 o T B, SiUE SAL RIZEE T 525, MAA ks

CBLAWESES C Lmsez T. bacillaris, S. rosei, Sc. ludwigii % ({AL T. bacillaris
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