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ABSTRACT The objective of this study was to investigate the quality and sensory characteristics of sweet persimmon
mashes and spirits fermented by three different yeasts [Saccharomyces species, labeled as LB (Lalvin BM 4X4), LD
(Lalvin DV10), and UC (Uvaferm CM)]. In the production of sweet persimmon wines, UC had the highest alcohol
content of 10.20% (v/v) after 9 days of fermentation (P<0.05). The range of pH after fermentation was 3.63 ~3.75.
The total aerobic bacteria and yeast contents increased until day 3 and then continuously decreased to approximately
8.60 log CFU/mL and 8.20 log CFU/mL, respectively. Reducing sugar contents were 3.37% in UC, 3.91% in LD,
and 4.05% in LB after fermentation. Total sugar contents were 4.89% in UC, 6.24% in LD, and 5.47% in LB after
fermentation. Two-stage single-pot distillation was conducted to produce sweet persimmon spirits. While conducting
second distillation, spirits were collected every 100 mL fraction. The alcohol contents gradually decreased as more
fractions were collected. The amounts of acetaldehyde were 226 mg/L for LD, 225 mg/L for LB, and 310 mg/L
for UC in the first fraction. LD produced the highest volume (677.8 mL) of alcohol in its body part in comparison
with LB (408.0 mL) and UC (445.4 mL). In the descriptive analysis, UC had stronger intensities of sweet aroma,
sour aroma and taste, and persimmon flavor (P<0.05). Persimmon characteristics seemed to be well characterized
by UC. In conclusion, LD was the most efficient in terms of production cost, whereas UC would be used to produce
a more flavorful sweet persimmon spirit.
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A ZelA 201396 422Hstel MAS(modified
atmosphere storage) JEHZ B3 A E4S TH3S
t}. &%= LallemandAH(Montreal, Canada)?] ¢}91¢ &
X 13%5 AHEE dn] AoA daE Ao M =
< Lalvin BM 4X4(LB), Lalvin DV10(LD), Uvaferm CM
(UC) & 3% a5 E AF&-3Flth Sodium chloridew 9
AHSeoul, Korea), 0.1 N sodium hydroxide 3 sulfuric
acid= 7 (Siheung, Korea), sodium hydroxide$®} phe-
nol& 4HHd(Pyeongtaek, Korea), PCA$ YPD HjA &=
Becton, Dickinson and Company(Sparks, MD, USA)ol| 4]
T3] ARSIt

oz UeF H=E

@7t 8.0 kg & A|HBE TR &} HE AAG & F= 22
A4 (ENR International Co., Ltd., Seoul, Korea)& ©]-&
sle] ®43 U2 & 4.0 LE 3 7}8FAL refractometer(HI
96801, Hanna Instruments, Seoul, Korea)E& A}-&3}o] &
7+ 1B ES] S AU F A 1Y E F
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o] 25°Brix7} %% ¥ (Q.one, Samyang Co., Seoul,
Korea)< LBl 2.5 kg, LDl 2.6 kg, UCell 2.5 kg
A7hske] mEagri12). BEE o EE(1x10° CFU/
mL)E 160 mL H &3 tha(16) 25°C 25244 9¢
B HAAAT LS BaE HsiA v 12270 &
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CA, USA) & ¥ 45 olgst 4]0 AE-33iTh
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MA, USA)Z =43+9dth.
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ol spectrophotometer(Ultrospec 2-100 pro, Biochrom
Co., Ltd., Cambridge, UK)E ©]&3}o] 550 nmoll A &%
=433 glucose(0~0.2 mg/mL)E AM83F T3k
of tiste] B9 FaFS AetATHR?=0.984).
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o] 7)ol 95% 4} 5 mLE H7eke] 308 Fk Lol A
Ak %, spectrophotometer(Ultrospec 2-100 pro,
Biochrom Co., Ltd.)& °]-&3t%] 470 nmolM FF=E 5
A3 TH12). EF 342 glucose T8 H(0~0.2 mg/mL)
& w50 L8812 tHR’=0.988).
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(0.85%, NaCD= 1071 3|4 jel we} 343k §- 1 3]4
S A3t F ¢4 plate count agar(PCA)ol 3]
A 0.01 mLE Eg3te] 37°Coll A 48A17F &2t w3t &
colonyE AlF38tdtt. & EX X yeast extract peptone
dextrose(YPD) v x]ol] 3]A NS ksl 28°Coll A 484]
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EEA(125 pmx<125 pm)
<% 71(Copper Tradi-
tional Alembic Still, Cooper Master, Oliveira de Azemeis
Portuga)E °]-&sto] 23t Wz SFsklet. Yz
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ol EHslo] =9 hake gas chromatography(Agil-
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§13L, injector &%= 240°C, detector =%+ 250°C, col-
umn oven =% 150°Co|A 183 74 & £33 50°CH
25 A5 A1A 210°CoN A 1583 MF2 A 13Tt Detector

= FIDE AH&3klal Alee 1 ulE FYale
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BEAHEA (1-way analysis of variance)& 5%2] Folxt=
BEAF o Alg 7ro F9 2= Tukey's range test®
A
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Table 1. Attribute, definition, reference product, and reference intensity for distilled sweet persimmon spirits

Attribute Definition Reference product Referepce
Intensity
Aroma
Alcohol Perceived by alcohol Chamisul fresh (soju) 6
Sweet Sweet aroma perceived by maple syrup Maple syrup 6
Sour Aroma perceived by vinegar 0.02% (v/v) vinegar 8
Wine Aroma perceived by fermented fruits 0.50% (v/v) red wine 9
Taste
Sour Sourness 0.25% (w/v) citric acid solution 6
Sweet Sweetness 6% (w/v) sugar solution 10.5
Flavor
Alcohol Alcohol flavor Chamisul fresh (soju) .
Fermented Fermented flavor Makgeolli 12
Aspartame Artificial sweetener taste 0.01% (w/v) aspartame solution
Persimmon Persimmon flavor Crushed persimmon 8
Mouthfeel
Astringency  Dryness on the tongue Crushed persimmon 7
Body Viscosity of alcoholic beverage Regular milk 7
Burning Stimulus around mouth when consuming alcoholic beverage  Peppermint candy 8




Fermentation period (day)

Fig. 1. pH of sweet persimmon wines by three commercial
yeasts during 9 days of fermentation. LB, LD, and UC meant
Lalvin BM 4X4, Lalvin DV10, and Uvaferm CM, respectively.
** and *** meant significant difference across samples in each
fermentation day at P<0.01 and 0.001, respectively.

(21,22).

0] 10.20%, LB?LO] 9. 53% LDo] 9.23%= %74]*401
o 27t ‘Rl‘iiﬁ}(RO 001). 7l°ﬂ
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Fermentation period (day)

Fig. 2. Alcohol contents (%) of sweet persimmon wines by three
commercial yeasts during 9 days of fermentation. LB, LD, and
UC meant Lalvin BM 4X4, Lalvin DV10, and Uvaferm CM,
respectively. ** and *** meant significant difference across
samples in each fermentation day at P<0.01 and 0.001, re-
spectively.
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Reducing sugar content (%)
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Fermentation period (day)

Fig. 3. Reducing sugar contents (%) of sweet persimmon wines
by three commercial yeasts during 9 days of fermentation. LB,
LD, and UC meant Lalvin BM 4X4, Lalvin DV10, and Uvaferm
CM, respectively. ** and *** meant significant difference
across samples in each fermentation day at P<0.01 and 0.001,
respectively.

ZAF AALEFo] S cerevisiae® A Z3F ofel BTl Yol W
A ATH24). o] g Apo] & lste] G Tt dmg A
ol #}o] 7} glrhar bk ),
WweFo| sty Y & o

S HFT dHE WA TR AR, i
FAFe ol Abvlep AT 3 2slE o] gE e 4
of Je wATH22,25). @t HaFo Hay Fo g
A &=F WEE Fig. 37 2l 3dge ddsto| =7
(-CHO)¢} AEZIOGC=0)E 2ta 549 4424 §9&
FAA 7= G, olFFe T, =9, B 1
a1 Wolgd Fo] o]o £erh(23). ghFe] AR Pl
U g7 AR o] S5 07] witel wart AN G2
& grego] Z7tgol whet gl J% gt HaEvh26). HE
1dAel = gedo] A FFaste] UC 10.10%, LB
2 10.40%, LDT& 11.72%% oM, 21 ¥ 2g 7471

25 - e LB

Total sugar content (%)

Fermentation period (day)

Fig. 4. Total sugar contents (%) of sweet persimmon wines by
three commercial yeasts during 9 days of fermentation. LB, LD,
and UC meant Lalvin BM 4X4, Lalvin DV10, and Uvaferm
CM, respectively. ** and *** meant significant difference
across samples in each fermentation day at P<0.01 and 0.001,
respectively.
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9] 5.47%, LDT-°] 6.24%AH(/X0.001). && FHYL
= o 3=FFig. )& d3L A ZH(Fig. 1)} 9Hd

ot UCwol ¢33 A4 % A& «] giAbel] o B2 3
AR Ao g Helt, o]9} 1 A= Yoo 5(27)9 X=
T A%, Bae 5(8)9] @3t wra s 1 Az 2 Woo 5(28)¢]
Hopf ofle] Ajxol gk A Ao} FASte] aavt
e AUA PO R ALEete] dRES AT A
o
LSO O|dE d+¢

W daTFo] ey F & o W8 Fig 59 2th

3 F ¥4+ LB, LD ¥ UCTlA Z+z}

8.28, 8.76, 8.46 log CFU/mL3l o™, A& Tt #2172l
ZFol 7k A E A TH(UX0.001). T E 2U x4 F a w57}
H S48ke LD+ 8.89 log CFU/mL, LB+*°] 8.81 log
CFU/mL, UC°] 8.80 log CFU/mLitl. @& 3UX}ol=
LD LB e & 7F Faxd 8.93 2 8.82 log CFU/
mlLol T8}, UCHS &a 284l 8.80 log CFU/mL
2 Ao =gl Hart Y55 F d5-E gt
7HA] 8.50 log CFU/mL ©]42
B &

o 4 nolFoieh, Wi 717
Fre] F #4E Cho 5(16)9] 97 Ave} fAtsigih.

v wEFe Bk Y F F ARSE Fig 69 2k
AR bl Frel = Aol 7}

1AW (X0.01), & ERFE
Cato] 747} 8.32, 8.41, 8.24

Total aerobic bacteria
(Log CFU/mL)

76 - T T T T T T 1
0 1 2 3 4 5 7 9

Fermentation period (day)

Fig. 5. Total aerobic bacteria count (log CFU/mL) of sweet per-
simmon wines by three commercial yeasts during 9 days of
fermentation. LB, LD, and UC meant Lalvin BM 4X4, Lalvin
DV10, and Uvaferm CM, respectively. ** and *** meant sig-
nificant difference across samples in each fermentation day at
P<0.01 and 0.001, respectively.

Yeast (Log CFU/mL)

7.7 + T T T T T T 1

0 1 2 3 4 5 7 9
Fermentation period (day)

Fig. 6. Total yeasts (log CFU/mL) of sweet persimmon wines
by three commercial yeasts during 9 days of fermentation. LB,
LD, and UC meant Lalvin BM 4X4, Lalvin DV10, and Uvaferm
CM, respectively. *, ** and *** meant significant difference
across samples in each fermentation day at P<0.05, 0.01, and
0.001.

log CFU/mL=E Hi1x]e] Ed3lqitt. 1 o] Fof HxpA o

2 ftadte AFS BT BE £29(994)¢ UCTol
8.17 log CFU/mLZ 7} Wk om, LDr¢] 8.20 log CFU/
mLZ fFo]do g 7bg Evh(x0.01). Ta TR Al

5 Afolell ZF et B AR Abo|7) Aoka, HE W
A AL F Aot F ARTE FASH F AR
o & o] HIES oF 1118 7]|E9 dFolA BHel Hl&
FrAFeFATH(16,18,29).

ERF2| oM EYH|So|=
228 T F 1~5 L EY oA ELH S ol =]
Table 29} T} opA|EE|sto] = gHke 32 SrHjHoR
Aate] 1, 294 Eal=olA 7hE ke, 1 o5 A}

Frashe FAE Bk UCTe] A HA 23 EoA] oA
Eddste] = gaFo] 310 mg/L, LBi*e] 255 mg/L, LD
o] 226 mg/LAth LBTY UCTE 24 EIEqME
200 mg/L ©]49] oM ELdstel= S HolFt).
Winterova 5(30)2] I S5/ ATollA oA ELds}o]
= 32 13~597 mg/L¥ 2™, Lachenmeier®} Sohnius
@D gFEHE ATNA FA FFHT oA ELH S|
T 2 0~1,159 me/Lth &3 /T =/ T4 of

Table 2. Acetaldehyde contents in first five 100 mL fractions
from the second distillation of sweet persimmon wines by three
commercial yeasts

Fraction Acetaldehyde content (mg/L)

(100 mL) LB" LD uc
1 255 226 310
2 234 156 269
3 82 121 136
4 34 38 71
5 29 46 28

LB, LD, and UC meant Lalvin BM 4X4, Lalvin DV10, and
Uvaferm CM, respectively.
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Table 3. Alcohol content profile of every 100 mL fractions dur-
ing second distillation and alcohol volume in the body part for

sweet persimmon spirits

Alcohol content (%, v/v)

Fraction (100 mL)

LB" LD ucC
1 81.0 79.8 78.0
2 78.0 79.4 75.9
3 75.0 76.0 75.4
4 73.0 75.8 75.4
5 72.0 75.2 71.0
6 70.0 74.2 65.7
7 63.0 72.2 60.5
8 55.0 65.8 53.8
9 33.0 61.8 43.6
10 29.0 53.8 32.0
11 19.0 43.6 29.8
12 10.0 31.1 9.9
13 6.0 29.8 5.4
14 4.2 9.2 2.8
15 3.1 5.1 -
16 - 3.8 -
Alcohol volume 408.0 677.8 445.4

(body part, mL)”

LB, LD, and UC meant Lalvin BM 4X4, Lalvin DV10, and
Uvaferm CM, respectively.
2)Body part was determined from the fraction what had lower
than 200 mg/L of acetaldehyde to the fraction that was 40%
or above for alcohol content.

A=t stol = g
obAl = b el 3ol
RIS ERARS

o] LB Rt} =k th(F=5.445,
FEE UCTo| LD % LBTE

I
o
AL rlo

[e]

W 2YRE 4TS o] 40%((v/v) 014
AstFth. 2710 E LB 43e
u #Fo] F7HeE LD
LD o] 677.8 mLE 7173 =9k},
0 mL 2 454.4 mLgIt} LD
ol A BE 2Nt 272 AAY
| LB 3 UCH E.t}
Ay kol

=3k

fig=2g
NI
org 9 6’]—%]:0]

2=

=
2
rN
ot

= o

Sweet aroma* —UuC

Burning sensation * —LB
9 -LD

Body Alcohol aroma
Astrigent Wine aroma

Fermented flavor Vi Sour taste*

Alcohol flavor Artificial sweetener taste

Fig. 7. Intensities of 13 descriptive attributes for three persim-
mon distilled spirits. * meant significant difference across sam-
ples at P<0.05. Fifteen-point category scale (1~ 15) was used
for the evaluation. LB, LD, and UC meant Lalvin BM 4X4,
Lalvin DV10, and Uvaferm CM, respectively.

0.001; F=9.018, /X0.001). 23 7=+ UCTo] 718 =%

U(F=3.196, P=0.05). 227} 3= 4572 54T,
25k, A 9 gak)ell A UCEe] Myhz o2 w7} Fof,

an

4
uCel 57 Azel 9o el 59¢ b9 2 2

7Hsde] g Ao R nelrk YA 971 5l diaA
= Al AR FAE §1o1(2>0.05), BAF 4] sido]
AA e 5A Zel oA #ol7t Itk fo)x7t w3
® 47HA] BAF B4 o] 7 SRT FHE Hrkshe AR
A Ascta deE

2 o

O dE A gIe AT 52 AEE dE 2R
(Saccharomyces species) 3%& o|&3to] & T/HTE
Azste] F4 5L dolr it} @k Wi 9] pH, 3
T R F e vgE 71Ee] A dago] HeE Holyt
A grolA Mg A F ool HaE e ez I

th g $8 & % #5E 8.67~8.70 log CFU/MLE A&
7ol a7t itk & AR E 8.17~8.20 log CFU/
mLE Als ZFell Fo) A7t flith. oA EddElo| = e
2 22 =7/ A B8 &4 UCTel 310 mg/L, LBie] 255
mg/L, LDw°] 226 mg/LFon, LB UCTS 2HA &
FEo| A= 200 mg/L ool tt. ol EdH slo] = &3
o] 200 mg/L o]/l #E8 & 2F2 AAs D 42 E I
40% o)/l HES BRR 39s

o] 677.8 mLZ 7} =9k} oF
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