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Dynamic Aspect of Yeast-flora during vinous Fermentation

Part 6. Group Succession from the Middle of
Fermentation to Post-fermentation Period

By Yuwao OHarA and Hideo NoNOMURA

In the previous papers we have reported on many vyeasts species isolated
from fermenting musts and on their mode of action in the musts. However,
they have been limited to those of the early stage of fermentation. In the
present paper we deal with yeasts isolated from the middle to last stages of fer—
mentation and the post-fermentation period. The following is the summary :

1) Six hundred isolates obtained from the mosts (Koshu variety used) of
white wine were grouped, according to their galactose assimilability and the mico-
and macromorphological characters, into thirteen groups. Then the represen-
tatives, 54 strains, of each of the groups were studied taxonomically according
to the system of LobpErR and KREGER-VAN Riy (1952), and classified into the
following ten species. Saccharomyces cerevisiae, S. chevalieri, S. oviformis, S.
fermentati, Schizosaccharomyces pombe, Candida robusta, Torulopsis colliculosa,
T. bacillaris, Kloeckera apiculata, Pichia membranaefaciens. The species re-
lated to three pitching yeasts (NJK-1, a SO.-tolerant strain of S. cerevisiae ;
Jerez-5, S. oviformis ; UCD-518, S. beticus or S. fermentati) were further divided
into the pitching yeast type and the other type,

2) In the middle stage, the proportions of the pitching yeast decendants to
total yeasts of each must were in the following order : NJK-1>Jerez-5> UCD-
519. It was also noticed that a sulfur dioxide pretreatment (130 ppm) of must
increased the proportions.

3) In the post-fermentation period, S.cerevisiae group gradually diminished
and S. oviformis and S. fermentati groups survived to dominante in the musts
which contained 15 vol. per cent of alcohol. This tendency was accelerated
in those musts which were sulfited prior to pitching,

1




&

7FW@@@@@,ﬁﬂf&%fFﬁKW%Lfbﬁﬁﬂﬁﬁﬁﬁﬁ,%Oﬁﬂﬁﬁﬂ
§ﬂ5®f,Eﬁﬁ@%itfbéﬂﬁﬁ@?&f:@5%®§ﬂﬂt;ofhaﬁ,%
%Lt%ﬂ%mké%éf%%%,Em%o@ﬁ&ﬁ%wﬁﬂﬁ®ﬁéwtxofﬁﬁé
nabdchs,

AMERINE &1 DRI LA, Flz iz FLORENZANO (’49) BRAEBE LT Fog
Tz B e54 2 Y T DYFRIC T Ko (Governo) BHiX, WhdBT N R
(Saccharomyces cerevisiae var. ellipsoideus) DS DEERR % S xh, TG p
ﬁwﬁ%%oﬂéﬁé%bfb5kL,itNMMNB(%)@ﬁﬁfFﬁK@Kb&
ckera apiculata pi%\ - ) TR, COBBRIERBOTLF b FrZ &Rkt 20
fﬁ%ﬁ%éaLfbéo%<@%é%§%ﬂ%ﬁﬁ&t{ﬁ%#hw,Eﬁm%ﬁ@7
BTRT T —2Ebh Wb, BN 2 ) TR F—H#iF5 7 & cix SN Al
ia@&ﬁ@ﬁéﬁ%m;of@&agowb@éaﬁ@ﬂﬁéééo&ﬁu6fvtm
60LmL—ﬁKmﬁékﬁﬁéﬁt5tb%ﬁmﬁﬁﬁﬁ%ﬁﬁﬁibt@g,@Et
LT@KMifbéﬁ,%ﬂfd,EE®Eatﬁﬁ%ﬁéLf@ﬁK%h,§%K%&
ZOTBHL 5 fxlﬁ?%%&’bﬂéo

Vfﬂmtf%,:hBQﬂ%K@,ﬁﬁ¢®¥t%ﬁ5¥ﬂ%®%§ﬁ%?5$%$
RIS RIBPRLEL e 5, DRI LT DoMERCQ® % L1t PEYNAUD R & RN
—ﬁﬁf§ﬁ®fFﬁ@@%&@@#Bﬁ%Lt@ﬁOﬁﬁ%%ﬂ%®%ﬁ#6,7P7
@%ﬁ¢®%ﬁ%ED%EKO?%ﬁ%ﬁOfbé%,%%6“@%%®@mb§ﬁ®§
E%ﬁ%b,%ﬂb@ﬁ%ﬁﬂ¢mﬁﬁ%%§%ﬁ%#%ab5ﬁ&fﬁ%éﬁtof§
o BILEIRE Cltiz 2 2 LB DORBEBA A o, BERIHIC ) TR R B EER O
&%ﬁi,%ﬁ@ﬁﬁ,%@ﬂﬁ®%§kﬁﬁ@mﬂ#%ﬁmt2%ﬁ%Ltﬁ,xﬁ@
dﬁﬁﬂ@ﬁﬁﬁﬁ%ﬁa,%ﬁ%T%,%iﬁﬁﬁ%&%mmﬁf,@ﬁ&Lfﬁ%b
tﬁﬂ@%ﬁ%lﬁﬁ%ﬁ%itf(5§E®@ﬂﬁmohf,%ﬂB@%%ﬁﬁﬁ%?
éﬁ%%ﬁ%bt@f%@%i%ﬁ%#éo

£ B o m

il

Lo MRS o

TABLE IK%Lt@D,$Mﬁ@fF@%%ﬁ&@bt@bﬁ%ttﬁﬁmyaﬁé
mzﬁﬁ%ﬁwﬁttﬁﬁﬁ%%atéiﬁﬁﬁb,%%%#Lto%e%ﬁtf,wl
ﬁ#ﬁKﬁELtO%QSBSE%KuJﬂﬂU(&&Q)%S@ & LT 130 ppmin
z,vfhé%@&%owI?Ctﬁlsﬁﬁﬁﬁbte%@ﬂkmztoﬁﬂmaxﬁ
BHET FOBERER 1B (S, cerevisiae 0C-2 OEHEEM R : LIT NJK-1 L33)

&Y= —BEEERCLHB Jerez—s (S. oviformis o g R, KEMEE) s X0t S, bet—

tcus UCD-519 (J. B. S. CASTOR L b 3s@xhs S Jermentati o e FRREEE(L,

&ﬁ%&,%%ﬁﬁ%)@3&%%&%%&Bﬁtbﬁ%Lt%HK%%Lt%DT,%
@ﬁ@ﬁ%%@%@é@mﬁb2%@%éf%mbt,ﬁof%oﬁﬁwﬁfM§ﬁﬁﬁ
&ib%%ﬁﬂﬁﬂ&%f£otoﬁ@mI?CW%OﬁTif%ﬁﬁ@é%bmﬁ&b

L NJR-1 ofE (K, KS) BoFhd 38, o= Y — BB O BB B B (B, -

i



D 2% 3.5 B, HWERERLEEX (BS, JS) k4B CEEEE AL 5 oo
TaBLE I

A FER L OBRsS  Vinification Practices

X & e B B E UCHEA LICER

Must Lot Sugaring® Starter SO, Pitching yeast used

l % @) l ppm

K 15 26 k0.3 0 Saccharomyces cerevisiae OC-2 v
KS 15 26 k:0.3 130} Wine yeast Kyokai No. 1 (NJK-1)
B 15 26 b :0.3 0 } S. beticus UCD-519 (S. fermentati),
BS 15 26 b:0.3 130 Sherry yeast (C. B. S. CASTOR®
J 15 26 120,38 0 S. oviformis RIF-7129, Sherry
Is 15 26 1+ 130} Yeast Jerez—5 (W. V. CRUESS)?

*) Cane sugar was added to the must (Koshu) which contained originally 15.7 g/dl
of reducing sugars as glucose and 0.56 g/dl of total acids as tartaric (pH 3. 20).
a) By refractometer reading, b) SOs—tolerant strain, c¢) Acquired from Univ.
of California, Davis (UCD), a nonsporulating, pellicle forming and dull-colony
strain, originally isolated from a Spanish sherry by Prof. H. SCHANDERL, d) A
pellicle forming and dull colony strain.
2. BROBHRES X OBEE 0D HE
LR CHOB Y ) B AT 2158, RHORRSBSEAROBHE V1, ThE
NEOBMBEBIC T L% BA K, HIb Fig. 1 ©R Lick 5 CABHA S L TR
i L EEREINICE 1 BIEORK (1) 280, BHANES & & REHICE LIRS
#OISES U B 2 B E ORE (D %D, Tofe, #5lxr2@fsy,
MEHCHIS LB A CRE SR D, R HE Lo b U itEy (1)
BLOBMBERD LHCEMe b ¥ BENEE CHE L, TOWECE U 2o K B
(V) wBR e Uiz, BUR T ~ T BUBERRGS, BRfoH—IcT5 L 5 it Lo bl
£1, RBVEEECATHELTCWSIDEEELRWEDTH S,

Fig. 1. Conditions of the musts
at the periods (I —IV) sampled.
A, Alcohol ; n, total yeast cells;
n’, viable yeast cells; I, middle
stage of fermentation; II, last

- stage of fermentation ; III, leess ;
IV, :pellicle on the must. Arrow
indicates racking.
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Grouping Assimilation of each 25 Isoates

Obtained from Successive Stages of Di fferent Musts

X 4 Assim. No. of isolate from | [x 4 Assim, No. of isolate from
of of e :

Must galactotose stage: I O II IV Must galactose Stage: I O m v
e e

X {+ 25 25 24 0 KS {+ 23 25 3 o

K s 0 0 1 25 — 0 0 22 23
- 13 16 22 o {+ 8 14 0 o

B {— 12 3 3 23| BS — 17 11 25 25

+ 19 17 23 o {+ 0 0 0 o

J {— 6 8 2 23| I8

*For I—IV Stages see Fig.1.

= 25 25 25 25




2) REEHODSERE .

RICEFABERE, 777 b—2 (+) BIO (=) OMBELN TN EFICERENLT O
HEROEEC L » CHEFHCRFICE BRI SBFL, ks, TOEHL,LONEHEHK
L LT 54 #%#E, LOoDDERY b DI X AFTE DO HEFAIME 43k L URE LT
EolckR, KOXIBBRERCAEIN . HBAME CRER Lt od DOk IO
IO R CTIIBEFEOHEREL BT T 5 IR RS s b Ofs EILEEAEEO B [[BICE
iﬁLfCo

B & #% & + 0 % &
Identified Strains and their Additional Characteristics

la. Saccharomyces cerevisiae Hansen Type I
(pitching yeast type)
Seven strains were studied : S-43~S-48, and NJK-1 (OC-2).
The streak culture on malt agar is shinning and smooth after one month at

25°C., A more or less well-developed pseudomycelia are formed on slide cul-
ture.

1b. Saccharomyes cerevisiae Hansen Type II
(wild type)
Thirteen strains were studied : S-49~S-61.
The streak culture on malt agar is shinning, with a tendency to have the
slight structure of stripes and warts. No psuedomycelium or a Primitive

pseudomycelia are poorly formed on slide culture,
" Galactose fermentation of one strain studied (S-61) is slow and weak.

2a. Saccharomyces fermentati (Saito) Lodder et
Kreger—van Rij Type I
(glistening type)
Six strains were studied : S-63~S-68.

The streak culture on malt agar is shinning after one month at 25°C, No
pellicle is formed in malt extract or grape juice,

2b. Saccharomyces fermentati (Saito) Lodder ef
Kreger—van Rij Type II (dull type)

Syn. Saccharomyces beticis Marcilla




Eight strains were studied : S-69~S-71, S-72 (a, b, ¢, d), and UCD=8;
(S. beticus). j‘
The streak culture on malt agar is dry and rough, often folded after
month at 25°C. A ring and a Dpellicle are formed after the fermentation
finished in malt extract or grape juice. Spores were observed in potate-plug
or V-8 agar. '
In the strains of 5-72 group and UCD-519, spores were not observed in any
sporulation media used.

The strains of S-72 group were isolated only from the must pitched with
UCD-519 and they were identified with S, beticus.

3a. Saccharomyces oviformis Osterwalder Type I
(glistening type)

Three strains were studied : S-62, S-73, S-74.
The streak culture on malt agar is shinning. No pellicle is formed in malt
extract or grape juice.

3b. Saccharomyces oviformis Osterwalder Type II
(dull type)

Six strains were studied : S-75~5-79, and Jerez-5 (RIF-7129).

The streak culture on malt agar is dry, rough and raised. A ring and a
pellicle are formed in malt extract or grape juice after the fermentation finished.
Spores were observed on Potato plug or V-8 agar.

There were some transitional strains in the shape and size of the cells bet-
ween S. fermentati and S. oviformis. They were tentatively classified into
each species,

The degree of sporulation of the type II (colony rough, pellicle former) of
above two species is pPoorer than that of type I (colony shinning, non-pellicle
former). Most of strains of type II poorly sporulated only in potato-plug or
in V-8 agar. .

4. Saccharomyces chevalieri Guilliermond

Two strains were studied : 5-80 and S-81.

Growth in malt extract : After 3 days at 25°C cells are oval, 3~5x5~9 p.
After one month a ring and islets are present, Growth on malt agar : After
3 days at 25°C cells are oval, 2, 5~6Xx3,5~9 . After one month the streak
culture is greyish white, smooth. Slide culture : Primitive pseudomycelia are fairly




well developed. Sporulation : Spores were observed even in malt agar culture,

1~4 per ascus. A conjugation precedes ascus formation. Assimilation :
Glucose +, galactose + (weak), sucrose 4, maltose —, lactose —, raffinose + (slow),
mellibiose —. Fermentation : Glucose and sucrose,

This species is considered as one of the wild yeast groups which are isolated
from the later stage of wine fermentation.

5. Shizosaccharomyces pombe Lindner

Two strains were studied : O-11 and O-12.

Growth in malt extract : After 3 days at 25°C cells are cylindrical with
rounded ends, 2.5X6~13 . Vegetative reproduction by fission. After one
month, no pellicle, Growth on malt agar : After 3 days at 25°C cells are
cvlindrical, 4. 5~5x5~9 g, a few round cells many also be formed. After one
month the streak is glistening, light brown. Slide culture : No pseudomyce-
lium. Spores were observed even in malt agar culture. Assimilation : Glucose
+, galactose -—, sucrose +, maltose +, lactose —. Fermentation : Glucose +,
galactose —, sucrose +, maltose +, lactose —, raffinose +, mellibiose —.

This species was not isolated from the early stage of must fermentation
and may be considered as one of the wild yeast groups of the later stage.

6. Candida robusta Diddens et Lodder

Two strains were studied : O-9 and O-10. These isolates grow slowly and
are perisable becoming brown.

7. Torulopsis colliculosa (Hartmann) Saccardo

Four strains were studied : S-82~S-85. These isolated glow slowly and
are perisable becoming brown.

8. Torulopsis bacillaris (Kr. e¢ Krumbh.) Lodder
One stain was studied: T-11.
. 9. Kloeckera apiculata (Reese emend. Kloecker) Janke

One strain was studied : A-13.

10. Pichia membranaefaciens Hansen

Two strains were studied : K-16 and K-17,

A |
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Grouping of Each 25 Isolates Obtainzd from Successive Stages of Different Musts

X BB BIBRE No. of isolate | K45 B # BSPRBL No. of isolate
Must Group stage: I II II IV | Must Group stage: I IO Il IV
(C. robusta ; } = S. cerevisiae I 2956 2;
C. coreuisiae {I 24 23 16 P. membranacf. 1
K i} I8 KS S. chevalieri L}
P. membranacf. 1 Sz, pombe 1
S. fermentati \ 1 20 S. fementati I 20 22
\S. oviformis }II 5 S. oviformis }II 3
T. bacillaris ‘ 1 (T. bacillaris 1
| T. colliculosa 1 1 S. cerevisiae I 8 14
B(S. cerevisiae 10 13 16 22 B S(Sz. pombe 1
S. fermentati \ 1 23 S. fermentati 1 6 25
\S. oviformis }H (9160)9(68)9(63) 2 \S. oviformis }H (fﬁ )(1*1)(1*8)
KL apiculata 1 IT, colliculosa 1
T. bacillaris 2 J S]S- fermentati }I o e 1
] T. colliculose 1 \S. oviformis ) 1L 24 25 25 24
S. cerevisiae 1L 19 17 23
S. fermentati \ 1 25 1
S. oviformis }II 37 5 !

An asterisk (*) attached to a number indicates that similar strains of ' the
species which were used for pitching the must.

Numbers of isolates referring to S. beficus (S-72 group) are given in parenthesis.
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DRPBLAND DD T, FED S. cerevisiae FITHFEN K X2 bIS, 1-72 L Jerez
-5 XE B BRSO T, BRI LB (JS) CIXEROREEE s
FOVBPCHERCHIECEI DL b2 b, TNHDOZ L, FHEEEREY 3~ 1cRE
ENTHEEL, WHBEEESERROBEY LI LLEBRA (Fig. 3) »56 4 # %
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A Days after Start B

Fig. 3. Growth curves of wine yeasts (K, K’) and sherry yeast (b, j) in
the early stage of fermentation of the musts of Bllg. 25° pH 3.20 at 15°C.
A, In the non-sulfited must; B, in sulfited (150 ppm. SOg) must. k/, Wine yeast
OC-2 (8. cerevisiae). For other yeast see footnote to Fig. 2.
¥ R A RIS A ANCEGTER (130 PPm) MEZ TR » 70 b O Tlk, BREFRTHOFF &
E2RERE (C. vobusta, T. colliculosa, T. bacillavis, K. apiculata) »33JE i3 B4
» S. cerevisiae dEFHZT Hicd, BERE LThHLrbMABEROBECLY, B
hehHDHEENERCEM LA LRFED LN,

TaBLE IV
FEERERE s L ORoBRIC kT A E AR HOE S

Ratios of the pitching yeasts to the Total Isolates (n)
of each Must in the Middle and Last stages of Fermentation

Stage of NJK-1/n S. beticus/n Jerez-5/n
. - : 2 e -
Fermentation Must* : K KS B BS J JS
% % % % % %
Middle (I) 96 100 40 64 12 96
Last () 92 100 32 44 28 100

* See TABLE I
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BT AR EER) X, FoRESH, S. oviformis % Lk S. fermentati B E
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Fig. 4. Ratios of viable to total cells
of each yeast (k,b,j) in the later stages
of fermentation of a sulfited (130 ppm,
SO:) must of Bllg. 26° pH 3.2 at 30°C.
p  For yeast strains see footnote to Fig. 2.
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ISEVIRAE CREEEMT b, FRB LA TOBMBOLNORLIEE (70 —1) »ng
WENBDT, ERERLOBERORFRELERLYF IO Lk obd Tth %,
TaBLE V ’
ERREDSHT  Analysis of the Wines obtained after One Year Storage

X 7 H O TF R a m® ; FEIEER b)?ﬁ%zzi—/y j’;vi-’td)k‘

Must Alcohol Bx  ‘Total Acids Volatile A. V. Esters Aldshyde

vol. % g per | mg per [
K 14.8 2.3 6.05 0.28 152 59
KS 14.7 2.3 5.75 0.40 182 78
B 14.8 951, 5,67 0.40 273 38
BS 15.0 2.4 5. 80 0.46 211 38
J 14.8 2.4 6.29 0.48 268 87
18 14.5 2.5 6.19 0.28 222 83

a) Total acids as tartaric, b) volatile acids as acetic,
¢) Volatile esters as ethylacetate, d) Aldehydes as acetaldehvde.

= =]

1) (LWHEECRMET FUuzERE L, BRI LOCEREMEIC 6 BEHoBE T F
BB AL, TROMrDAHEINIEEYRO L S HERHCHEL, ThThoE
BEOHEYBERBRL(L), FHD, 2 2koED) s X 0RO REOVIICE »
TEH L7,

2) S3EEL7- 600 BRDEERES LODDER HOFEEICL D

Saccharomyces cerevisiae, S. chevalieri, S.oviformis, S. fevmentati, Shizosacch.
pombe, Candida robusta, Pichia membranaefaciens, Torulopsis bacillaris, T. colli-
culosa, Kloeckera apiculata D10REZFE L, 7ok S. cerevisiae, S. oviformis 15 L 00 S.

fermentati FECER L LTHERLEDIO L EDMD 24 7IEF T CEDOBE LTI,

3) TERE L ORML-BEABH CHELESBCR > EAR T FUEEES: NJK-1>
vz ) — B Jerez-5> ¥ x ) —JEEER: S. beticus DIETH » 7o

HEHERLE (SO. 130 pPm) I X D EREEFIEER & LCORM L B OE &5 8N
L, NJK-1 @MU CRRIEA £ 1002 Ligo7chd, Jerez-5 % iRinL =BT
SEMEEF Y T, EMBERTHROKE (7 0—v) fic diRmEEE» EEIRE S
Liltwsics

4) FMELK-bE (BRS 15°, REAERINDS X5 RECiFE L),
S. cerevisiae FEIRPTHDEML, FEETSH S. oviformis 3 Lk S. fermentati B
NEFE L CEEBRO RS X EDB L5 @A N R b i i S chevalieri,
Sz, tombe ¥ L8 P. membranaefaciens s ¥4, = S. cerevisiae FEDFE 3 5 E5HH
BRI N,
EEED S. cerevisiae B S. oviformis L% S.fermentati ¥y 07 EILREER]
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