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Abstract

The application of the mixed culture method that uses non-Saccharomyces yeast and Saccharomyces wine yeast in
winemaking has been widely reported. However, we found that the fermentation speed was lower when small-scale wine-
making was carried out using a mixed culture of Saccharomyces cerevisiae and Torulaspora delbrueckii than when using a
pure culture of S. cerevisiae. The low cell density of S. cerevisiae observed in the mixed culture seems to be due to unknown
factors and not the inhibition by alcohol or the shortage of assimilable nitrogen. Red wine produced by the mixed culture
method has a light red color and a low ratio of stabilized pigments, both of which are probably caused by the low acetalde-
hyde production by T. delbrueckii. Thus, even though the mixed culture method has several benefits, careful consideration

of winemaking methods is necessary for the application of this method.
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Fig.1 Total CO, produced during blush wine fermentation using S. cerevisiae, T. delbrueckii or their mixed culture in an open vessel (A-1, A-2)
or a closed vessel (B-1, B-2) with an airlock. Each data point is the average of n = 2. Td1 and Scl are strains of T. delbrueckii and S. cerevisiae
commercialized in Level 2 TD (Lallemand), respectively. Td2 and Sc2 are 7. delbrueckii Zymatlore Alpha and S. cerevisiae Zymaflore X5

(Laffort), respectively.
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HEH GEREE) of% 13 T VvidHwT, B
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F O T delbrueckii R X Tl #BE R A8S.
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X TUES. cerevisiae HARIX & [7] 4 DL F O E R E % 7R
L7275, Td2 OFE XTI ESEE T IO A W YK
{, INATAR2BEH X TIE T B IX X 0 38EEDS TR



Torulaspora delbrueckii % J\\» 72 Mixed culture 7:12 X 5 7 4 ST OFFERERE M VLR T 4~ OJFi

1.E+09 1.E+09

1.E+08 —Q—Q—.i— — L1E+08 A
= & c a8 8 & .
< LE+07 S o E 1.E407 (@)
= 3
8 LE6 O  1.E+06

1.E+05 1.E+05

LE+04 1.E+04

Fermentation day

A Scl @ Td1 OTd1+Scl X Td1+Scl Lys

Fermentation day
ASc2 ®©Td2 OTd2+Sc2 X Sc2+Td2 Lys

Fig. 2 Yeast cell density during open-vessel wine fermentation using S. cerevisiae, T. delbrueckii or their mixed culture. The fermentation
experiment is the same as Figs. 1 A-1 and A-2. Cell densities were determined using the plate culture method, as follows. Lysine plates (Lys)
were used for the detection of 7. delbrueckii in the mixed culture. YPD (no indication) was used to detect all yeast species. Each data point is

the average of n = 2.

Table 1 Percentages of D1/D2 sequences in 7. delbrueckii, S. cerevisiae, and other fungi in wine samples collected from open-vessel mixed

culture fermentation.

Td1+Scl Td2+Sc2
day 7 day 12 day 7 day 12
T. delbrueckii (%) 85.3 85.5 88.6 86.6
S. cerevisiae (%) 12.2 13.7 7.7 11.9
Other fungi (%) 2.5 0.9 3.7 1.5
Total reads 4070 3927 3671 4562

Samples were collected from each one batch of the open-vessel mixed culture fermentation shown in
Figs. 1 A-1 and A-2. DNA was extracted from each sediment after centrifugation, and yeast and
fungal identification was carried out by sequencing the amplified D1/D2 region of 28S rDNA.
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7 B, JESaccharomyces B £ 1% 7 Vv 2 — VI 14
DR 726D, FEEEREIICIZIEIR L, S. cerevisiae 7’
100 %127 %, & O (Combina et al. 2005) b & 5
2%, T. delbrueckii D 35& 13 A 7 )V 2 — Vil HEDS
BEEDSH B &) Hids (Vejarano and Gil- Calderén
2021) A hH. KREBRTHHBGR, MSRE BIZT
delbrueckii B X O A UL FEE RN WA T 5 b
OO, HFETH I LRI

3. S. cerevisiae O VR NI oD B528E Ko OVBA Bl RH 212 Y
T HEL

PEHIX DFEFEDSS. cerevisiae X L 1) #2182 TH
% DL T. delbrueckii 3 & 7> D 323K % Hlije & &
L, MO OREWE AT S LK
Tl hwheEZ SN, 22T, S cerevisiae RN
Rl 2 o 72 2 HIR IS 2 X2 &\ CTIFH X @
FEWERFED R F 5 0% PASHAR O FEEEAER TGS L 72
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Table 2 Total and living cell densities at the end of fermentation using S. cerevisiae, T. delbrueckii or their mixed culture in closed vessels.

Ratio of methylene

Total cell density Living cell density
blue stained cells
(x107 cell/mL) (%) (x107 cell/mL)
Scl 12.7 36.0 8.1
Tdl 10.5 78.3 2.3
Td1+Scl 17.2 43.6 9.7
Sc2 10.5 13.0 9.1
Td2 4.9 59.3 2.0
Td2+Sc2 13.1 68.7 4.1

A hemocytometer was used for cell counting. The ratio of methylene blue stained cells indicates the
percentage of dead cells. Samples were collected from each fermentation batch shown in Figs. 1 B-1
and B-2 on the last day of fermentation. Each data is the average of n = 2.
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Fig.3 Total CO, produced during blush wine fermentation using S. cerevisiae, T. delbrueckii or their mixed culture in closed vessels where S.
cerevisiae was inoculated 2 days (2d) or 3 days (3d) after the inoculation of 7. delbrueckii. Each data point is the average of n = 2.

(Fig. 3).
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mixed culture DRE % W5 L 725 TDH S, cerevisiae
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DOBFEIIH AR ZE XN TH Y (Binati et al. 2020),
Mixed culture TlZ S. cerevisiae AR D 8 & 1382 7%
B, RHOERDPHEE T2t HESINS.

EHWNZRBEH 51, Mixed culture (2L 57 1 ~
M 2 AT ) BB I3 EBWH 2R 25 2 Lo g
L, BiZHA7 A »2u¥y A v ORa I 3mRIL % #i)
Ll EE Y v 7 BT 5% EORISLE L
EZHN5.

4, T4 YORBITRITTR

Fig. | OBEREE CHONT-T A ¥ OG5 R %
Table 3|27/R"¢. 7 I— )4, ITF R4, HRERIC
(ZBERE 2 A SIIRRO b T, BERRIE L5 I O FEER
A TIET. delbrueckii BERXAME 72 5 DI TlE %
ol BEFRIERE120.72 g/L T A » DT Tl
# 1L\ ENTEB D (Ribéreau-Gayon et al. 2006), >
TNOMEICL SR WRETH 72, TOMOAHRE

Table 3 Analytical values of blush wine produced by fermentation with S. cerevisiae, T. delbrueckii or their mixed culture in an open vessel

or a closed one.

Open vessel Alcohol Extract pH Total acidity? Acetic acid
(VIv%) (W/v%) (g/100 mL) (mg/L)
Scl 13.3 2.5 3.61 0.69 73
Td1 13.2 3.0 3.58 0.71 54
Td1+Scl 132 2.8 3.56 0.71 45
Sc2 134 2.5 3.49 0.80 36
Td2 12.8 3.6 3.59 0.75 39
Td2+Sc2 13.1 3.0 3.59 0.73 138
Closed vessel Alcohol Extract pH Total acidity? Acetic acid
(v/v%) (W/Iv%) (g/100 mL) (mg/L)
Scl 133 2.5 3.56 0.71 169
Tdl 13.0 29 3.54 0.75 61
Tdl + Scl 13.0 2.7 3.53 0.75 61
Sc2 12.5 2.5 3.44 0.80 84
Td2 12.5 3.6 3.66 0.71 469
Td2 + Sc2 13.0 3.0 3.60 0.79 234

a) Total acidity is expressed as tartaric acid equivalent.

Wine samples collected from the fermentation shown in Fig. 1 were analyzed. Each data

is the average of n = 2.
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By b RX=1)—A ORERITEHOEDOR
BRIEE D T2 + S2D AT REH Hir/z (Table 5) .
ZAUIT. delbrueckii B X ) CMFHIIX T, %
L LR mFE0IRIETH 5 SO, Thith SN wn
Apy DEIE, Ay (SO,) /Ay (DW) 23K <, W U pH
THoTLRBLTVAREWVWT ¥ b7 v OEED
BWZ EDHHEEZ S5ND. T delbrueckii |l 7
K7LV FOABMEWEHE SN TEBY (Bely
etal. 2008), 7t F7 VT REALTCT Y bYT
SV TFUERTOUT N T Y UG L
THRT %% b3 (Timberlake and Bridle 1976)
WYL DD HERIND.

F7:, Table SITRL7zu¥ T4 v OEREHE (H

Table 4 Analytical values of red wine of Cabernet Sauvignon produced by fermentation with S. cerevisiae, T. delbrueckii or their mixed

culture in open vessels.

Alcohol Extract pH Total acidity”  Acetic acid Aogo Aso Asno Asyo at Asz (SO2)/
(VIV%) (W/V%) (2/100 mL) (mg/L) (1/100) pH1.0®  Aszo (DW)©
Scl 12.2 2.9 3.64 0.76 107 0.140 0.646 0.854 0.357 0.665
Tdl 12.1 3.1 3.62 0.77 165 0.127 0.591 0.772 0.404 0.559
Tdl + Scl 12.0 3.1 3.60 0.78 146 0.124 0.575 0.769 0.387 0.538
Sc2 12.2 3.1 3.59 0.82 164 0.154 0.677 0.874 0.332 0.705
Td2 11.9 3.4 3.65 0.79 636 0.149 0.559 0.643 0.389 0.576
Td2 + Sc2 12.0 3.2 3.62 0.77 344 0.127 0.565 0.712 0.361 0.602

@See footnote of Table 3. PAs20 was measured 45 min. after the addition of 900 uL of 0.2 M acetic acid/HCI buffer, pH 1.0 and 20 pL of 10%
acetaldehyde into 100 pL of wine. This value indicates the total anthocyanin content. ©Asz0 was measured 1 min. after mixing 160 pL of 5%
potassium pyrosulfite or distilled water (DW) with 2 mL of wine, and the ratio of As20 (SO2)/As20 (DW) is shown. This value indicates the

ratio of stable red pigments. Each data is the average of n = 2.

Table 5 Analytical values of rose wine produced by fermentation with S. cerevisiae or a mixed culture of S. cerevisiae and T. delbrueckii.

Alcohol  Extract pH Total acidity? Ango As
(v/v%) (W/v%) (g/100 mL) (1/100)
Scl 13.8 2.8 3.66 0.67 0.117 0.371
Tdl1 + Scl 13.2 3.3 3.62 0.63 0.112 0.366
Sc2 13.5 3.1 3.61 0.74 0.116 0.425
Td2 + Sc2 13.5 3. 3.64 0.67 0.112 0.291

DSee footnote of Table 3.
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