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Abstract

The objective of this study was to develop a vinegar beverage using Sasa
quelpaertensis Nakai(SQN) leaf and citrus juice extract. Alcohol fermentation
by Saccharomyces cerevisiae YG-03, Saccharomyces ellipsoideus KCTC 7243
and Saccharomyces cerevisiae KCTC 7296 was investigated to optimize the
fermentative production of alcohol. The effects of the initial sugar contents(10,
15, 20 ° Brix) on alcohol productivity was also conducted to 28°C for 14
days. After 14 days of alcohol fermentation by using three strains,
Saccharomyces cerevisiae YG-03 showed highest alcohol productivity at 10
and 15 ° Brix sugar contents. Acetic acid fermentation by 5%(v/v) inoculation
of Gluconobacter albidus AD-08, Acetobacter aceti KCTC 1010 and
Acetobacter pasteurianus KCTC 12289 culture was conducted in shaking
incubator at 30 C for 7 days. Acetic acid fermentation experiment using
paper disc method showed widest clear zone at DYC agar plate containing
3% alcohol by Gluconobacter albidus AD-08. After 7 days of acetic acid
fermentation by using three strains, Gluconobacter albidus AD-08 produced
total acid of 1.80% in SQN hot water extract including 3%(v/v) alcohol.
SQN hot water extract added respectively 10, 20 and 30%(v/v) citrus juice
were also fermented by acetic acid bacteria of three strains. After 7 days of
acetic acid fermentation, SQN hot water extract added 30% citrus juice extract

produced total acid of 3.27% by Acetobacter pasteurianus KCTC 122809.
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AL National Center for Biotechnology Information (NCBI)ollA] &<33&}=

BLASTE ©]-8-3}3itH(2,22).

Collection @ jeju



(A)

Fig.1. Morphologies of alcohol producing yeast isolated from immature citrus.
(A) Morphology of yeast isolated form YM agar plate (B) Morphology of yeast using

a light microscope (Magnification: ><400)
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(A)

(B)

Fig.2. \Morphologies of acetic acid bacteria(AAB) isolated from Sasa

quelpaertensis (A) Morphology of AAB isolated form YPM agar plate (B) Morphology

of AAB using a light microscope (Magnification: >400)
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Table 1. Type strains used in this study

Classification Strain
Saccharomyrces ellipsoideus KCTC 7243
Saccharomyces cerevisiae KCTC 7296
Acetobacter aceti KCTC 1010
Acetobacter pasteurianus KCTC 12289

Yeast

Acetic acid bacteria
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Ay
Az deFEeel FFetal Ed(121T,15%) A3t #5945 10,
) H &2 #HTEste] H7bge] mE 24 AYES otz 39l
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2 A&t AHs st =AY a s shaking incubatorel A 200rpm,
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v,
3. @"r u'l _T_[;‘(E]—
3.1. 259 4 2%

3.1.1. 859 &4

Tl Ao 28s rRNAS] VM-S B4 Ay Evsd R e
YG-032 Table 29} #o] partial sequenceE %3l 749719 A7|8S 3<213}9
a1, Saccharomyces cerevisiae®} 99.86%2] FAME S H.o] S.cerevisiae YG-03

= gstin(6).
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Table 2. 28S rRNA partial sequence of isolated yeast YG-03
GATTTGAGGTCAACTTTAAGAACATTGTTCGCCTAGACGCTCTCTTCTTATCGATAACG
TTCCAATACGCTCAGTATAAAAAAGATTAGCCGCAGTTGGTAAAACCTAAAACGACCGT
ACTTGCATTATACCTCAAGCACGCAGAGAAACCTCTCTTTGGAAAAAAAAACATCCAAT
GAAAAGGCCAGCAATTTCAAGTTAACTCCAAAGAGTATCACTCACTACCAAACAGAATG
TTTGAGAAGGAAATGACGCTCAAACAGGCATGCCCCCTGGAATACCAAGGGGCGCAA
TGTGCGTTCAAAGATTCGATGATTCACGGAATTCTGCAATTCACATTACGTATCGCATT
TCGCTGCGTTCTTCATCGATGCGAGAACCAAGAGATCCGTTGTTGAAAGTTTTTAATAT
TTTAAAATTTCCAGTTACGAAAATTCTTGTTTTTGACAAAAATTTAATGAATAAATAAAATT
GTTTGTGTTTGTTACCTCTGGGCCCCGATTGCTCGAATGCCCAAAGAAAAAGTTGCAA
AGATATGAAAACTCCACAGTGTGTTGTATTGAAACGGTTTTAATTGTCCTATAACAAAAG
CACAGAAATCTCTCACCGTTTGGAATAGCAAGAAAGAAACTTACAAGCCTAGCAAGAC
CGCGCACTTAAGCGCAGGCCCGGCTGGACTCTCCATCTCTTGTCTTCTTGCCCAGTA
AAAGCTCTCATGCTCTTGCCAAAACAAAAAAAATCCATTTTC
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B.1.2 5

PR 1gE AFEAY GIE TEANA e AD-089] 16S rRNAS] %7
Ade #2438 A3} Table 33 #9] partial sequences F3l 643712 27|85
SHQISA AL,  Gluconobacter albidus®t 98.75% L8t ZAYUE UEHOZA

G.albidus AD-08% ™3}l t). (16)

Table 3. 16S rRNA partial sequence of isolated bacteria AD-08

ATGCAAGTCGCACGAAGGTTTCGGCCTTAGTGGCGGACGGGTGAGTAACGCGTAGG
GATCTATCCACGGGTGGGGGACAACTTCGGGAAACTGGAGCTAATACCGCATGATAC
CTGAGGGTCAAAGGCGCAAGTCGCCTGTGGAGGAACCTGCGTTCGATTAGCTAGTTG
GTGGGGTAAAGGCCTACCAAGGCGATGATCGATAGCTGGTTTGAGAGGATGATCAGC
CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATAT
TGGACAATGGGGGAAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGTCTTCGG
ATTGTAAAGCACTTTCGACGGGGACGATGATGACGGTACCCGTAGAAGAAGCCCCGG
CTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGCTCGGAATGA
CTGGGCGTAAAGGGCGCGTAGGCGGTTTGGACAGTCAGATGTGAAATCCCCGGGCT
TAACCTGGGAACTGCATTTGATACGTCCAGACTAGAGTTCGAGAGAGGGTTGTGGAAT
TCCCA

3.2, o eke AAH Hlu

L <
24357 f8 A EFE ol 8ste] sty HIH AFx2IY EFFEE

o 1% (v/v) M&=2 HZF3}3itt.
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Table 4. Viable cell count of three yeast cultures

Strain Viable cell count (cfu/mL)
Saccharomyces cerevisiae YG—03 4.2 x 107
Saccharomyces ellipsoideus KCTC 7243 4.7 x 107
Saccharomyces cerevisiae KCTC 7296 6.0 x 10’
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e w5t

2
A

g3t S.cereviseae YG-033 [ FEHdF  S.ellisoideus
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7VatF o} S.ellipsoideus KCTC 7243% ra 6L A €] o €hL &ako] 4.2 =
W7l glowA 359 aRT 7MY 9w dE =
E 88 e v 3 o] &3kE ol§ELE W ATE YERSIT. pH
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3.2.2.2. 15 ° Brix AIFxHU dFF=E9 43 2g

15 ° Brix® B9¥ AT d5FEEd 359 a2 1(v/v)FEste] 14
A7 d:E FFAR BFANY FE( Brix), olw-E (%) 2 pHe W3}
E Table 6 ¢ Fig.4o] YERUATE, &R 3F9 o o852 wa 104 A5
B & WE HolA ¢kgton @& o]gstA kel ulEt olgE AHE Ed
HE 109 AFE 2 ¥WstE YEhgA Zsigiv. g rsaelA g
S.cerevisiae YG-039] ¥t =S g 1094 8

7] %7 10 ° Brix¥ e 43S wg oyl vlul

uwpe} ol ehe AARF T3 AX= AES Bvh. aela HrkE Je] il

obel mel AR ol g5 Reha dolale B §F EF Yol A¥

il

Bk, B S.ellipsoideus KCIC 72439] ogbg = da 1294
HAAE vebdllar 7.2%9] S dEl e 6.3° Brixe] AdS FHFoR
A S.cerevisiae YG-03R.t} Wa @fo] HoXE AoR  UEW

S.cerevisiae KCIC 72962 F&oto] WaAr7l ¢aE dadois= da 1294
ofgbx 3hFo] Hujrk HAoHW 6.2%99 TS HEHI =T o= 3T 2R
Foll A 7HE w2 FH|o|th, o] A A HoE 27] ZEE7F 10 ° Brix$d
S wol= AtE A3E HoFa e ol S.ellipsoideus KCTC 72439]
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a2 58S YepdteE A BHoFa Q. pie 2a

S8k A7IQ) 29A) S48 WolA|al 1 o] S5

]_
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al
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P
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72433} S.cerevisiae KCTC 72962 Z+ZzF 3.18 % 3.17% H|=3F pHE HIY. %
7] FE%7F 10° BrixgdS Wb wpRsbA = 15° Brix dwjE g4xe WwE a8

S S.cerevisiae YG-03°] 7MY =& Ao w2 yEryka pH AstE =3 7 BGS
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Table 5. Changes of sugar concentration, ethanol concentration and pH during alcohol fermentation in hot water extract

of Sasa quelpaertensis (10 ° Brix)

Strain Fermentation period (days)
0 2 4 6 8 10 12 14
Sugar(‘Brix)  10.00 8.10 5.80 3.80 3.30 3.20 3.20 3.20
S.cerevisiae YG-03  Ethanol(%) 0.00 2.00 4.00 5.20 5.40 5.40 5.40 5.40
pH 5.22 3.97 3.63 3.54 3.48 345 345 3.43

Sugar(‘Brix)  10.00 8.40 6.60 5.00 5.00 5.00 5.00 5.00
S.ellipsoideus 7243 Ethanol(%) 0.00 1.60 2.80 4.20 4.20 4.20 4.20 4.20
pH 5.22 3.96 3.55 3.39 3.37 3.37 3.35 3.35

Sugar(Brix)  10.00 7.60 5.40 420 3.70 3.60 3.60 3.50
S.cerevisiae 7296 Ethanol(%) 0.00 2.20 4.00 5.00 5.20 5.20 5.20 5.20
pH 5.22 351 3.16 3.15 3.07 3.06 3.06 3.05

_13_
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Fig.3. Changes of sugar concentration, ethanol content and pH during alcohol
fermentation in hot water extract of Sasa quelpaertensis (10 ° Brix).
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Table 6. Changes of sugar concentration, ethanol concentration and pH during alcohol fermentation in hot water extract

of Sasa quelpaertensis (15° brix)

Strain Fermentation period (days)

0 2 4 6 8 10 12 14

Sugar(Brix)  15.00 12.70 10.50 8.40 6.50 4.80 470 470
S.cerevisiae YG-03 Ethanol(%) 0.00 1.60 4.00 5.80 7.60 8.20 8.20 8.20
pH 5.28 3.88 3.66 3.57 341 3.40 3.39 3.38

Sugar('Brix)  15.00 12.70 11.20 9.40 7.80 6.50 6.30 6.30
S.ellipsoideus 7243 Ethanol(%) 0.00 1.40 3.00 4.80 6.60 7.00 7.20 7.20
pH 5.28 3.81 3.53 3.39 3.25 3.22 3.19 3.18

Sugar(Brix) 1500 1250 1040 9.50 8.40 7.80 7.50 7.40
S.cerevisiae 7296 Ethanol(%) 0.00 1.80 3.60 470 5.50 5.80 6.20 6.20
pH 5.28 3.46 3.27 321 3.18 3.23 3.18 317
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Fig.4. Changes of sugar concentration, ethanol content and pH during alcohol
fermentation in hot water extract of Sasa quelpaertensis (15 ° Brix).

(A)Sugar concentration, (B)ethanol concentration, (c)pH
—_ 17 —_

Collection @ jeju



Table 7. Changes of sugar concentration, ethanol concentration and pH during alcohol fermentation in hot water extract

of Sasa quelpaertensis (20 ° Brix)

Strain Fermentation period (days)

0 2 4 6 8 10 12 14
Sugar(‘Brix)  20.00 17.70 15.60 13.50 12.10 11.30 9.80 8.30

S.cerevisiae YG-03  Ethanol(%) 0.00 1.50 3.60 5.40 7.00 8.10 9.00 9.60
pH 5.23 3.84 3.62 3.53 343 3.48 3.55 3.55

Sugar(‘Brix)  20.00 1800 1580 1360 1170  10.80 9.20 7.70

S.ellipsoideus 7243 Ethanol(%) 0.00 1.30 3.40 5.30 7.20 8.60 9.40 10.00
pH 5.23 3.79 343 3.32 3.24 3.28 3.32 3.34

Sugar(Brix) 2000 1730 1520 1370 1290 1200 1120  10.80

S.cerevisiae 7296 Ethanol (%) 0.00 1.80 4.00 5.10 6.00 6.60 7.00 7.20
pH 5.23 3.43 3.20 3.18 3.17 3.29 3.34 341
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Fig.5. Changes of sugar concentration, ethanol content and pH during alcohol
fermentation in hot water extract of Sasa quelpaertensis (20 ° Brix).

(A)Sugar concentration, (B)ethanol concentration, (c)pH
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Talbe 8. Vible cell count of three acetic acid bacteria cultures

Strain Vible cell count (cfu/mL)
Gluconobacter albidus AD-08 3.5 x 10°
Actetobacter aceti KCTC 1010 1.5 x 10°
Acetobacter pasteurianus KCTC 12289 3.0 x 10°
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Table 9. Clear zone diameter by ethanol concentration during fermentation period

Ethanol . .
Strain concentration Fermentation period (days) C'Iear zorlw);
) 1 2 3 4 5 diameter
3 5 19 30 38 45 ++++
G. albidus AD-08 5 0 8 16 25 32 +++
7 0 0 1 8 15 +
3 0 5 13 18 24 ++
A. aceti KCTC 1010 5 0 4 12 18 27 ++
7 0 0 0 5 12 +
3 4 16 24 29 35 +++
A. pasteurianus KCTC 12289 5 4 14 22 27 31 +++
7 0 9 17 24 28 ++
1) Diameter of clear zone from paper disc method by dissolving calcium with produced acetic acid.

2) +++ > 40 mm,+++ > 30~39 mm, ++ > 20~29 mm and + < 19 mm

@ jeju
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Fig.6. Clear zone formed by an isolated acetic acid bacteria and Acetobacter sp.
Bacterial cells formed clear zone around paper disc by dissolving calcium with
acetic acid produced.
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Table 10. Changes of pH and total acidity during acetic acid fermentation in hot water extract of Sasa quelpaertensis

containing 3% ethanol

Fermentation period (days)

Strain
0 1 2 3 4 5 6 7

pH 5.30 3.99 3.73 3.30 3.15 3.07 2.96 291

G.albidus AD-08 o
Total acidity(%)  0.03 0.15 0.24 0.67 0.95 1.23 1.53 1.80

pH 5.30 3.94 3.76 3.51 3.35 3.14 3.09 3.05

A.aceti KCTC 1010 L
Total acidity(%) 0.03 0.18 0.33 0.53 0.75 0.99 1.33 1.52

pH 5.30 5.17 447 3.71 3.50 347 343 341

A.pasteurianus KCTC 12289 o
Total acidity(%)  0.03 0.06 0.15 0.37 0.53 0.60 0.82 0.95
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Fig.7. Changes of pH and total acidity during acetic acid fermentation in hot
water extract of Sasa quelpaertensis containing 3% ethanol. (A)pH, (B)Total

acidity
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Table 11. Changes of pH and total acidity during acetic acid fermentation in hot water extract of Sasa quelpaertensis

containing 5% ethanol

Fermentation period (days)

Strain
0 1 2 3 4 5 6 7

pH 5.30 4.36 4.36 4.35 4.35 4.35 4.32 4.29

G.albidus AD-08 .
Total acidity(%) 0.03 0.12 0.12 0.12 0.12 0.12 0.12 0.12

pH 5.30 422 4.04 3.86 3.84 3.77 3.65 3.55

A.aceti KCTC 1010 .
Total acidity(%) 0.03 0.09 0.21 0.24 0.30 0.38 0.45 0.53

pH 5.30 5.24 5.22 3.92 3.58 3.49 341 3.36

A.pasteurianus KCTC 12289 -
Total acidity(%) 0.03 0.06 0.06 0.18 0.42 0.52 0.63 0.75
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Fig.8. Changes of pH and total acidity during acetic acid fermentation in hot
water extract of Sasa quelpaertensis containing 5% ethanol. (A)pH, (B)Total

acidity
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Table 12. Changes of pH and total acidity during acetic acid fermentation in hot water extract of Sasa quelpaertensis

containing 7% ethanol

Fermentation period (days)

Strain
0 1 2 3 4 5 6 7

pH 5.30 4.33 4.33 4.36 4.35 4.34 443 431
Total acidity(%) 0.03 0.09 0.12 0.12 0.12 0.12 0.12 0.12

G.albidus AD-08

pH 5.30 4.82 4.82 4.70 4.65 4.62 4.62 4.59
Total acidity(%) 0.03 0.09 0.12 0.12 0.12 0.12 0.12 0.12

A.aceti KCTC 1010

pH 5.30 5.28 5.28 5.20 4.55 3.95 3.71 344

A.pasteurianus KCTC 12289 o
Total acidity(%) 0.03 0.06 0.06 0.12 0.12 0.24 0.38 0.59
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-0- (f.albidus AD-08 , —0O- A.aceti 1010, -A- A.pasteurianus 12289

Fig.9. Changes of pH and total acidity during acetic acid fermentation in hot
water extract of Sasa quelpaertensis containing 7% ethanol. (A)pH, (B)Total

acidity
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Table 13. Changes of pH and total acidity during acetic acid fermentation in hot water extract of Sasa quelpaertensis

containing 5% ethanol and 10% citrus juice

Fermentation period (days)

Strain
0 1 2 3 4 5 6 7

pH 4.26 4.05 3.94 3.90 3.87 3.88 3.90 3.87
Total acidity(%) 0.09 0.12 0.15 0.15 0.15 0.15 0.15 0.15

G.albidus AD-08

pH 4.26 4.24 4.24 3.97 3.54 3.36 3.24 3.11
Total acidity(%) 0.09 0.09 0.09 0.15 041 0.65 0.89 1.34

A.aceti KCTC 1010

pH 4.26 4.26 3.85 3.48 3.22 3.14 3.06 3.02

A.pasteurianus KCTC 12289 L
Total acidity(%)  0.09 0.09 0.30 0.83 116 1.54 1.72 2.08
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Fig.10. Changes of pH and total acidity during acetic acid fermentation in hot
water extract of Sasa quelpaertensis containing 5% ethanol and 10% citrus juice.

(A)pH, (B)Total acidity
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Table 14. Changes of pH and total acidity during acetic acid fermentation in hot water extract of Sasa quelpaertensis

containing 5% ethanol and 20% citrus juice

Fermentation period (days)

Strain
0 1 2 3 4 5 6 7

pH 3.99 391 3.88 3.90 3.76 3.27 290 2.74

G.albidus AD-08 o
Total acidity(%) 0.15 0.18 0.18 0.18 0.21 0.37 1.07 172
pH 3.99 4.00 3.85 3.67 3.40 3.27 3.16 3.07

A.aceti KCTC 1010 o
Total acidity(%) 0.15 0.15 0.24 045 0.63 0.89 1.25 1.64
pH 3.99 401 3.67 348 321 3.14 3.05 3.02

A.pasteurianus KCTC 12289 o
Total acidity(%) 0.15 0.15 0.48 1.01 1.36 1.78 2.08 2.32
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Fig.11. Changes of pl and total acidity during acetic acid fermentation in hot

water extract of Sasa quelpaertensis containing 5% ethanol and 20% citrus juice .

(A)pH, (B)Total acidity
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Table 15. Changes of pH and total acidity during acetic acid fermentation in hot water extract of Sasa quelpaertensis

containing 5% ethanol and 30% citrus juice

Fermentation period (days)

Strain
0 1 2 3 4 5 6 7

pH 3.84 3.78 3.75 3.52 311 2.88 2.78 2.68
Total acidity(%) 0.21 0.24 0.24 0.36 0.65 116 1.66 243

G.albidus AD-08

pH 3.84 3.84 3.77 3.63 3.37 3.26 3.16 3.07
Total acidity(%) 0.21 0.21 0.30 0.53 0.77 101 1.28 1.70

A.aceti KCTC 1010

pH 3.84 3.85 3.69 3.54 3.20 3.05 2.98 294
A.pasteurianus KCTC 12289 o
Total acidity(%) 0.21 0.21 0.72 0.95 1.60 247 2.94 3.27
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Fig.12. Changes of pH and total acidity during acetic acid fermentation in hot

water extract of Sasa quelpaertensis containing 5% ethanol and 30% citrus juice .

(A)pH, (B)Total acidity
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