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(2)  

1)  

4 YPD 8 S. cerevisiae 4 RE8.0 (1 % Raffinose, 

8 % EtOH) 5 Table 2 S. cerevisiae EtOH

6 4

5  (LBS-325, Tomy) 5

121 20 RE8.0 99.5 % EtOH

2 % 7 5  (Table 2) 

 

2)  

YPD  25 mL 50 mL

25 3 14 RE8.0  25 mL 50 mL

25 7

Fig.  2  

3)  

  YPD 8 RE8.0 ( ) YPD

8 RE8.0 25 3 7 (Fig. 3)  



4)  

YPD2  3 mL 25 3 7

 

 

 



2 MALDI-TOF/MS  

(1)  

 (HCCA: - -4- 8255344 Bruker 8

(BTS: Bacterial Test Standard) 8255343, Bruker

5 LC/MS Wako 50 mL

21.4 mL 7 70 % 8  (HPLC Wako) 

5  

(2)  

YPD2 5

1 mL 1.5 mL (10000 r/min, 

5min, 25 ) 3700, Kubota

300 µL 7 9 99.5 % 

EtOH ( Wako) 900 µL 7 9 (13000 r/min, 2 min, 

25 ) 

70 %  20 µL 79  20 µL 9

 (13000 r/min, 2 min, 25 ) 10 µL 0.6 mL

 

(3)  MALDI-TOF/MS  

   1 µL Target Plate (MTP384 target plate polished steel BC,Bruker)

SCV-EC B, Hitachi

1 µL  MALDI-TOF/MS

2 1

Autoflex Flex Control8 MALDI Biotyper Real Time 

Classification (RTC) ( Bruker) 2,000 3 20,000 Da

5 9



Fig. 1

Score Value 2.0 4

1.7 2.0 12.13)  

5 MALDI-TOF/MS 9

8 4

85 5 17

(Fig.4, 5)15)  



3 8  

 1mL YPD 250mL 6

7 25 3 6

(10.000r/min, 10min, 25 )

YPD2 30%  2 mL

0.2 mL 1.5 mL 80  
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1   

9 Candida krusei Hanseniaspora vineae 2 9

9 Kloeckera apiculate 9 Candida valida

9 Geotrichum dandidum  (Table 1 Fig. 

6)  
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9

5  (Table 1) YPD 8 RE

MALDI-TOF/MS 5
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+
�����	����H. vineae

16) Kloeckera apiculata 5 4 17) Candida krusei

9  Candida valida 5

4 18) (Tabe 1, Fig. 6)  

II 9 5

8 5  
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S. cerevisiae Saccharomyces 5 5 8

5 Saccharomyces 5

5 7,8,14) II I 85

4 (Candida krusei, Candida valida,  Kloeckera apiculate 8  

Hanseniaspora vineae) 4 S. cerevisiae 5

(EtOH)

8 Brix 9

4 -

(GC/MS) 5 23� 24�  
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1  

(1)  

 (2019 10 ( ) )

5  (105 , 30min) ( )

( ) 5 8

 

(2)  

(200 , 30min)

(( ) 5  

 

2.  

(1)  

 100 mL 30%  Red Star 

Pasteur (S. cerevisiae) 0.05g 25℃ 1

 

(2)  

1)  

I 85 9

9 4 (C. krusei, C. valida, K. apiculate 8 H. vineae )

YPD  200 mL 5 6 (4 )

7  (Fig. 7)  



2)  

( 30 ) 30%

100~180 mL

5×107 cells/mL 1×108 cells/mL 6 25

 

(3)  

1) EtOH  

(ADH) EtOH β-NAD

(DP) (NTB)9

5  

 EtOH (0.8%) 96 (655101, Greiner)

5 2 0.05%

 

 10

50 µL 2

 



 8 50 µL

8 Blank 50 µL

10 (Emax, Molecular Devices) 5 550 

nm 8 4 5

ADH 7

9 5 9 EtOH

EtOH  

2) pH Brix  

pH (F - 54S, Horiba) 

8 Brix  (POCKET PAL-1, Atago)  

3)  

1 mL 1.5 mL (15000r/min, 10min, 25℃)

0.5 mL 25) 2 mL 7

(U-2900, Hitachi) 400 700 

nm 538 nm

480 nm 10,25)  

4)  

24� 5 5 5

5 9

1 2  

5) GC/MS  (SPME ) 

520 µL 9.88 mL 3- /  26 µL

0.8 g 20 mL  2 mL  (40 

30min) GC/MS 5 (Table 3)

7  



 

 

 

 

 

 

 

 

 

 

 

6)  

 2- ( ) 100 mg/L 

0.0005 mg/L 2 mg/L ( : 0.05 

mg/L)  

n-  50 mg 100 mL

500 mg/L 5 50 mg/L

 

 5 25g 200 mL

2 mL 3 7

( ) 0.5 g 7 Sep-Pak 5 8 (3:7)

85 GC/MS

(Table 4)  



 

 

 

 

 

 

 

 

 

 

 

3.  

5ɑ 8  

(1)  

50 kg 5 (105 , 30min)

 

(2)  

9 9 H. vineae

 

(3) ��� 

JAS /

24�  

(4)  

( 8% 5ɑ ) 5  

 



(5)  

17L ( ) ���2.55 kg(

15 )8 H. vineae 5×107 cells/mL 6 1

22 25 8 5 1 1

 (60 , 30min) 13 15 1 5

360 L 80  
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1.  

9 30 7

25 5 9

(Fig. 8)  

 

2.  

(1) EtOH Brix  

EtOH 4 S. cerevisiae 13.7% H. vineae 9.1 %

(Fig. 5) 9 C. krusei 

12 85 5.3% C. valida  K. apiculate 21 2.2 4.6 4

Brix EtOH 20 %9

21 85 S. cerevisiae 6.3%  H. vineae 10.1 % 5 9

15  (Fig. 9)  



 

(2)  

(538nm) 10,23)3.1 3.2 4

85 0 12 EtOH 9 S. 

cerevisiae 1.2 H. vineae 0.8 2.8 3.2

5 (Fig. 10, 11) 85

(480nm) 10,23) 3.0 4 12 1.6 2.4 EtOH

5

5 (Fig. 12)  

 



 

 

 

 

(3)  

5 5 5 (Table 5)

EtOH 14% 9 S. cerevisiae 



EtOH 9% 9 H. vineae 5

5 4 EtOH 2 5% 9 C. krusei C. valida K. apiculate 

5 8

9 4 (Table 5)  

 

3.  

(1) EtOH Brix  

85

EtOH 8 S .cerevisiae H . vineae 7.1% 5 C. 

krusei 6.9 K. apiculate 5.7% (Fig. 8) 23 85 S. cerevisiae

8.2% 8 H. vineae C. krusei 6% (Fig. 

12) K.apiculate 9 EtOH 6.8% Brix

15%9 EtOH 23 5 7% (Fig.13, 14)  



  

(2) pH  

pH 6.2 3.2 4

15 23 pH pH 3.8 4.3 88

(Table 6)  

 



(3)  

3 8 S. cerevisiae 5

85 X 1 ( 26.2 )

8 Y 2  ( 22.2 ) S. 

cerevisiae 5 5 (Fig. 15)  



H. vineae S. cerevisiae

5 5

GC/MS 30% 7

1 ( 36.1%) 5 2 ( 31.7 )

5 (Fig. 16)  

 

(4)  

H. vineae 5

S. cerevisiae 5

 

H. vineae  S. cerevisiae

3-Methyl-1-propanoic acid butyl ester

Linalool 8 Propanoic acid ethyl ester

4 (Table 7)

2-Phenylethyl propionate



2-Methyl-butanoic acid            

Propyl propionate Ethyl heptanoate 7

(Table 8) 27� S. cerevisiae

1-Octanol 2-

Nonanol 1-Pentanol n-Decanoic acid

5 (Table 7, 8 )  

 



 

0.7 ppb 4

0.1 ppb 4

4 0.35 ppb 9

1/3 (Fig.17)  

 

  



 ( ) 

S.cerevisiae 5 9

5

5 9

6 , 4 (C. krusei, 

C. valida, K. apiculate 8  H. vineae) S. cerevisiae 5

EtOH 10.2 % S. cerevisiae

9 H. vineae 9%

C. krusei K. apiculate 4.5% 4  (Fig. 

5) C. valida 5 EtOH 2.2%

5 5 9  

8 9

EtOH

(Fig. 10, 11)

0 7 10)  

21 S. cerevisiae 5 7 4

5 5 9

5 5 H. vineae 5 5

7 5

7 (Table 5) 28,29�  

5 3 S. cerevisiae 5

5

pH 4

pH 4 9



pH 5 4 4 5

9 (Table 6)  

EtOH S.cerevisiae 8.2% 6 7 5

5 (Fig. 13) 8

9 H. vineae 

 

GC/MS

7 5 ) 5 1

2 2 4

 

3 S. 

cerevisiae 5 8 5

50 4 2

5 4 (Fig. 15)

7 H. vineae  S. cerevisiae 5

70 

( 36.1%) ( 31.7 )

5 (Fig. 16) 9 9 5 6

5 7 5

 

0 5 Volcano Plot 30) 5 5

Volcano Plot 2 1 2 4

4  log p 5 RSD



 

50 7 H. vineae

S. cerevisiae 

S. cerevisiae 

5 (Table 7, 8 ) S. cerevisiae H. vineae 

5 56 4 (Table 5) H. vineae 

4

4 5

16)  

4 5 1/3

7 (Fig. 17, Table 5)  

9 H. vineae 5

4 4  

8 85 5

31)  

 

 

 

 

 

  



 

5

7 4

5 5

5 S. 

cerevisiae 9 0 5 8

1 8 9 4 7  

9 YPD10 8 RE8.0 5

YPD MALDI-TOF/MS 

YPD 6

4 (C. krusei, C. valida, K. apiculate H. vineae) S. cerevisiae 

5 H. vineae S. cerevisiae 5

5 C. krusei K. apiculate

5 5 5 S. cerevisiae

5

5 8

4 H. vineae 5 5

8 Volcano Plot 5 5

H. vineae S.cerevisiae

5 4 5

1/3 9

H. vineae 5  



Summary 
In common winemaking, as starter yeasts, Saccharomyces cerevisiae is mainly used 

because of its higher ethanol-producing abilities. However recently, several studies have 
revaluated the role of non-Saccharomyces yeast during alcoholic fermentation for making 
different aroma compounds in comparison to S. cerevisiae. We focused on non- 
Saccharomyces yeast for making novel "Red Beet Wine". Red beetroot is one of the most 
popular vegetables as a valuable source of bioactive compounds. The main bioactive 
compounds are betaleins conposed of betacyanins (red-violet pigments) and betaxanthins 
(yellow-orange pigments). In addition to these pigments Red beetroot is specified as 
earthy or mold-like odors. 

Wild yeasts, from berries harvested at Hokkaido; Seaberry, Blueberry, Blackrasberry 
and Chokeberry, were isolated and cultured using YPD10 and RE8 media, then identified 
by MALDI-TOF/MS. Four wild yeasts such as Hanseniaspora vineae, Kloeckera apiculate, 
Candida krusei and C. valida were finally identified. Red beet juice with sterilized 30% 
glucose solution or Pino noir grape juice were fermented at 25℃ for 23days with the wild 
yeasts and commercial S. cerevisiae (as a reference yeast). Ethanol and Brix (sugar 
content) were measured for monitoring fermentation ability and absorption spectrum 
(400-700nm) was also measured for checking the color tone change of the pigments. 
Further, volatile aroma compounds with earthy odorous geosmin were measured by GC-
MS accompanied with a sensory test. 

 The combination of the wild yeasts with the red beet juice was rather preferable than 
S. cerevisiae especially from the point of its provocative taste.  Among the wild yeasts, H. 
vineae was proved to be the most suitable yeast for making “Red Beet Wine” from the 
ethanol producing ability and excellent fruity-aroma taste. 
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