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Fermentation characteristics of persimmon wine by the mixed culture
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Abstract

Persimmon contains high levels of vitamins and phenolic compounds, as well as soluble solids, necessary for the
fermentation of persimmon wine. Co-fermentation of persimmon wine was carried out using a mixed culture of
Pichia anomala JK04, a Korean indigenous yeast that improves wine quality and flavor, and Saccharomyces cerevisiae
Fermivin, an industrial wine yeast, in the following ratios: 9:1 (v/v), 5:5 (v/v), 1:9 (v/v) and 0:10 (v/v). During
fermentation, the alcohol contents increased more slowly in samples of mixed culture than in samples of the single
culture of S. cerevisiae Fermivin. The alcohol contents of all samples reached 12~13% (v/v) after 15 days. All
samples of the mixed culture showed greater variety in flavor and taste than S. cerevisiae Fermivin only. In the
sensory evaluation, mixed culture samples had higher scores in terms of flavor and overall preference than the
single culture samples. Therefore, P. anomala JKO04 is thought to improve the wine flavor of Korean domestic
persimmon wine.
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Table 1. Operating conditions of HPLC for analyzing free sugar
contents

Items Conditions
Instrument Agilent 1260 Infinity
Column zorbax Carbohydrate (4.6 mm IDx150 mm, 5 ym)
Column temp. 35C
Detector Refractive Index Detector
Mobile phase ACN/Water (75:25)
Flow rate 1.4 mL/min
Injection volume 20 pL
Running time 20 min

Table 2. Operating conditions of HPLC for analyzing organic
acid contents

Items Conditions

Agilent 1260 Tnfinity

Instrument

Column PL Hi-Plex H ($7.7 mmx300 mm, Agilent)
Column temp. 65C

Detector UV Detector

Mobile phase 0.005 M Sulfuric acid

Flow rate 0.6 mLjmin

Injection volume 20 pL

Running time 20 min
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Table 3. GC-MS conditions for analysis of volatile compounds in
persimmon wine

Items Conditions

Instrument Agilent 7890A with Agilent 5975C inert XL MSD

Column DB-WAX (60 mx250 1mx¢0.25 mm, Waters)

Column temmp. 40T 2 migll - 20T (20°C/min) - 240C

(20 C/min) — 240°C (5 min)

Carrier gas He (1 mL/min)

Injector temp. 240C

Split ratio 20:1
s gt
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Fig. 1. Changes in the soluble solid and reducing sugar contents during alcohol fermentation of persimmon with P. anomala JK04.
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@, S cerevisize Fermivin, W, P. anommla JKO4 90%; A, P. anomala JKO4 50%; €, P. anomala JK04 10%.
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Fig. 2. Changes in the pH and total acid contents during alcohol fermentation of persimmon with P. anomala JK04.
@, $ cerevisize Fermivin, W, P anomala K04 90%; A, P. anomala K04 50%; @, P. anomala JKO4 10%.
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Fig. 3. Changes in the alcohol contents during alcohol fermentation
of persimmon with P. anomala JKO4.

@, S cerevisiae Fermivin, W, P. anommia JK04 90%; A\, P. anomala JK04 50%;
@, P. anomala JKO4 10%.
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Fig. 4. Changes in the viable count during alcohol fermentation of
persimmon with P, anomala JK04.
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Fig. 5. Changes in the total phenolic compound contents during
alcohol fermentation of persimmon with P. anomala JKO4.

@, S cerevisize Fermivin, W, 2. anomala JKO4 90%; A, P. anomala JKO4 50%;
@, P, anomala JKO4 10%.
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Table 4. Hunter’s color values of persimmon wines after
fermentation with mixed culture

Hunter’s color values

Yeast strain
L a b
K04 90%" 58.99+0,01? 0.50£0.02" 27540.01°
K04 50%° 60.59+0.03" -0.1740.02° 368+0.02"
K04 1097 59.81+0.12° -0.28+0.02° 3324003
Fermivin 60.540.01° -046+0.01° 1.52+0.01°

"TKO4, Fermivin=:1; JKO4, Fermivin=5:5; JKOA, Fermivin=1.9.
The values were expressed as meantSD (n=3). Different letters within the same
column indicate significant difference (p<0.05).
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Fig. 6. Changes in the hue value and intensity value during alcohol fermentation of persimmon with P. anomala JK04.
@, S cerevisize Fermivin, W, P. anommla JKO4 90%; A, P. anomala JKO4 50%; €, P. anomala JKO4 10%.
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Table 5. Free sugar content of persimmon wines after fermentation

(gL)
Yeast strain Sucrose Glucose Fructose
K04 909" ND” 8346119947 13448:2712°
TKO4 50% ND 6.679+3 408" 15.016£2.266'
K04 10% ND 4.396+1 468" 14.303+1.241°
Fermivin ND 2.694+1.500" 6.745+1.083°

JIKO4, Fermivin=0:1; JKO4, Fermivin=5:5; JKO4, Fermivin=L.9.

')ND, not detected.

IThe values were expressed as meantSD (n=3). Different letters within the same
column indicate significant difference (p<0.05).
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Table 6. Organic acid contents of persimmon wines after
fermentation

(@L)
Yeast strain ~ Citric acid ~ Tartaric acid ~ Malic acid  Succinic acid
TK04 90%"  0.665:0003” 0.224:0.009° 0.058£0.029° 0.969:0.012"
JKO4 50%  1544%0010° 0.525%0011° 1.0060.008° 1.066+0.014°
JKO4 10%  1387:0.010° 0372:0009" 15330027 1.037:0.011°
Fermivin ~ 1.540:0011° 0.380:0.002° 2.161+0.011° 1.227+0.008"

UJKO4, Fermivin=0:1; JKO4, Fermivin=5:5, JKO4, Fermivin=1.9,
The values were expressed as meantSD (n=3). Different letters within the same
column indicate significant difference (p<0.05).

Table 7. Volatile aromatic compounds in persimmon juice and wines

32 A28 A5E (2015)

7} fructose®] 7d-F-oll = BE FollA PIFF HAEHJTE D&
I F g T o]8Ad 0] sucrose, glucose, fructose 2
2 glucose®} fructose’t HEHE A RO T o] &4
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Table 67} 2t} 7Hepol F8 {72 ZE citric acid,
tartaric acid, succinic acid®] HZ=F AT} 24 A|Z A| citric
acid< o] 8.3t JiEo 2 A3 3kg S7MIATH
HaEo] J=U|(7), P. anomala JKO4 50% £33 27 2&
Tl X 1.544 gL, S cerevisiac Fermivin T & ol A
1.540 gL=Z 7V =& a2 JeRd 2 5o 4halo)
N A= G FAETE L3S = malic > tartaric

(Unit: peak area value/1.000)

Strains
Compound number Name Odor description - 5 —
Juice JKO04 90% JK04 50%  JKO4 10% Fermivin
Alcohols
1 1-Propanol fusel ND? 4652 3119 3203 4933
2 Isobutyl alcohol vegetal, herbaceous 3827 51273 25102 22039 26822
3 1-Hexanol floral 9806 1274 ND ND ND
4 Benzeneethanol fusel 1764 7658 9918 17255 13998
5 Isoamy! alcohol grassygreen 75046 259583 262888 292449 424440
6 Leaf alcohol grassygreen 654 ND ND ND ND
Esters
7 Ethyl acetate fruity ND 96871 33395 28467 28384
8 Methyl acetate apple, banana ND 803 ND ND ND
9 Ethyl hexanoate fruity, apple, solvent ND 13226 21052 32601 28894
10 Ethyl decenoate sweet, fatty nut-like ND ND 2119 1554 ND
11 Ethyl 9-decenoate fruty, fatty ND ND 2075 2066 5517
12 Methylsalicylate wintergreen, peppermint 8087 9020 6100 9972 4882
13 Ethyl salicylate wintergreen 11095 ND ND ND ND
14 Phenethyl acetate fruity, floral, rose ND 674 786 2737 3402
15 Isoamyl acetate banana, pear ND 9379 18687 34031 44780
16 Ethyl N-methylcarbamate pineapple, pear 1991 ND ND ND ND
17 Ethyl n-heptadecanoate fruity, sweetish, apple ND 862 ND ND ND
18 Ethyl butyrate pineapple ND 813 1479 1956 1666
Aldehydes
19 Acetaldehyde ND 3416 2453 1863 2168
20 Hexanal 3920 ND ND ND ND
21 4-Propylbenzaldehyde 484 ND ND ND ND
Acids

2 Acetic acid sour 1010 13730 1597 1724 1204
23 Octanoic acid sweaty ND 899 1994 2907 2333

JK04, Fermivin=9:1; JKO4, Fermivin=5:5; JKO4, Fermivin=1:9.

z)ND, not detected.



Co-fementation of persimmon wine with wine yeast and Pichia anolmala 775

> citric®] £o.&2 "}U] 7]- Jotal, Y pHOl A= malic >
citric > tartaric®] <o & Aku|7} 7-81th25,26). webA
malic acid®] &S 9}014 AE AR ‘i'f”} ofuzt
malic acid’} 2% & o]t EAISH HW FHE S7HA1717]
= 3cl19). Aekele] malic acid S-S S cerevisiae
Fermivin T &[4 2.1613 gLZ 71 & FA &
YEM 3, P. anomala JKO4 3 7}ko] 77}%1")? malic
acid &reko] 7HAske] P anomala JKO4 90% £33 H7F wa
Tl 0058 gLz 7P W2 3k Yo F=gu Al
gk ukE B

sYd g7 4=
2% 9 9ne Bk B 45 Aok Ay
g wel BYsel g8 WY PIYE % JpA

o off e
frt

N

= Table 7 E"]‘c‘?} ‘i‘r spele] g7 Ee okl
9¢ AYeted F2E 82oln), o F o
esters, aldehydes, ketones, terpenes, acids, alcohols, sulfur
compounds 5°] glom o5 A& T2 3}3HEo] HalA
2ka-0 7 olg) | o] FAETH2T). HHE A
ASRINA AWPIR 1 B PR AT AL
aisiolnt Sl HALAA DD EREE 237
A& TR oA ] Aolzt lEel 7]
(28). P. anomala JK04 90% Z3371+2] 7% 1-propanol,
isobutyl alcohol, 1-hexanol, benzeneethanol, isoamyl alcohol
%ol dmeRt AFAYn 59, HHPIE e
isobutyl alcohol©] S cerevisiae Fermlvm T g ]| M
3 = 2 A,

O]]/\Eﬂ 2 33ES F2 TF AgollA acyl-CoA 2 =

o HaA e R goRN NI ATAS
i%lﬂ S ATHR9). P. anomala JKO4 90% &34 7172
7% ethyl acetate,

A=A
T E;é]—:

methyl acetate, ethyl hexanoate,
methylsalicylate, phenethyl acetate, isoamyl acetate, ethyl
n-heptadecanoate, ethyl butyrate 8%-2] o| ~HZ2/F7} HZ
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Table 8. Sensory scores of persimmon wines after alcohol
fermentation

Yeast strain Color Flavor Taste prgvf:rfaelllce
K04 90%"  260:0527  310£0.74"  360£0.70"  3.60+0.84"
JKO4 50%  3.50:085°  380:090'  340:L17°  3.90:0.88"
JKO4 10%  380:0.63°  280£079° 2804103  330+0.82%

Fermivin 430:082°  2.80:079°  240:070"  2.80£0.79"

1)JK04, Fermivin=9:1; JK04, Fermivin=3:5; JK04, Fermivin=1.9.
The values were expressed as meantSD (n=10). Different letters within the same
column indicate significant difference (p<0.05).
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3.60, 3.40% 2] M= S cerevisiae Fermivin @5 1HE of
HlsH =2 A5 A=t oA P anommla JKO4S] TheF
7| ATl Fste Aot o] 3o g <l
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