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(The process standardization and identification of health
functionality about three-stage fermentation vinegar using
traditional fermentation)
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SUMMARY

. Title

The process standardization and identification of health functionality about three-stage
fermentation vinegar using traditional fermentation

II. Objectives and necessities of the research

Vinegar is one of the most common, yet unique and wonderful, substances known to
mankind. Recently, interest in wellness and vinegar to focus on health has increased. Is
preferred and a 100% fermented vinegar fermentation of fruit or grain as raw material.
Persimmon and natural vinegar and vinegar drinks market, such as drinking it as a source of
wellness-oriented is growing rapidly. Three-stage fermentation vinegar development can
enable increased production and local economies through.

. The contents and range of the research

O Three-stage fermentation culture conditions established

(O Three-stage fermentation process by process standardization

O Sensory and Nutritional Comparison of fermentation conditions

O Static (acetic acid) fermentation culture conditions established in the rice wine vinegar

(O Rapid (acetic acid) fermentation culture conditions, the establishment of rice wine
vinegar

O Fermentation process by quality factors

(O Three-stage fermented Makgeolli vinegar Development

O Sensory and Nutritional Comparison of Three-stage fermented Makgeolli vinegar and
Commercial Makgeolli

IV. Results of research development

— The free sugar composition of the raw material associated with the alcoholic fermentation
yield. Brown rice concentrate was selected as the administrative matters that consists of
glucose production.

- Alcohol fermentation is a key factor brown-rice concentrates content and temperature.
Affects the growth of yeast(S cerevisiae) and alcohol generated. So, brown-rice concentrates
content to be 25 ~ 30Brix and temperature was set based on the administration to 27 ~ 29
C.



- Politics (acetic acid) in the fermentation stage acid 3%, alcohol 5% composition of the
culture medium was confirmed the importance and at 35 C temperature conditions to
determine the acid yield is high. So we was set up acid 2-3%, alcohol 4-5% and 34 C ~ 36
€. Fermentation by an acetobacter growth levels and active Ingredient confirmed. As a
result, after seven days acetobacter growth levels and amino acids decreased. So we was set
up a politics (acetic acid) fermentation 7 days.

- Rapid (acetic acid) conditions, 31°C, air 0.15vvm, was set up to manage the conditions of
agitation speed 400rpm. This is part of our research for many years fermentation conditions.
When the Rapid (acetic acid) fermentation was set up to manage the reference input to the
range from 0.5 to 2%.

- Looked out the acid production rate and can be grown by the content of the Makgeolli
vinegar medium. Politics (acetic acid) growth in the number of the most active 5 days
fermentation. Politics (acetic acid) fermentation of Makgeolli vinegar was 5 days.

- Politics (acetic acid) fermentation in fermentation nutrients are yeast extract 0.1%, MgSO4
0.05% is high in acid production rate. So acid 3%, alcohol 3%, by the addition of MgSO4
0.05% yeast extract 0.1% was set as the medium composition.

- Three fermented Makgeolli vinegar (expiry date 36 months) were prepared to fit the
standards of safety assessment fermented vinegar. There were no commercial Makgeolli
vinegar with significantly different sensory evaluation.

- Three fermented Makgeolli vinegar and nutritional indicators analysis of commercial
Makgeolli vinegar political fermentation (about 1-6 months), compared to a three-stage
production was possible in a short time vinegar fermentation (about 21 days). Nutritional
components (amino acids, minerals) have been found for three-satage fermention vinegar
produced is possible there is no difference.

V. Research Results and Plans for Utilization

O Research Results
- 1 Patent Applications and 1 Patent Registrations
O Plans for Utilization

- 1 patent applications for ‘Three-stage fermented Makgeolli vinegar method” are planned
for the latter half of 2015.
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Z7] WA W AA FE g AL Yo E%o] F ¥ gExz FEQ A E A4
=2PUE Fa) 4 ABS AW 7149 BIF % o|FFI LPE B3 Au hEs
o Aol ALE3FATE 70Brix?] dAv|FE=AL 52 34sle] 5 Brix ~ 30 Brix JFEZ A%
3 & dubd o g A A GRS cerevisiad) AEELER] 28C FHAANA 7 F AEZ )
¥ At o AS W3 9 B3 ALES BRI T(Fig. 2)

I Az}, 25 Brix 3% A M =2 F AS5660nm=1.3) 2 w-E vjFAZH72hr)S &<l
g Aok ol 27] WA W FEEZYo] 25 Brix FFo] HEF s glo] A Be
o+ ASTE FEY F Je FEd 2dolH, I oY I oAM= 38E + AS A
Sl 2ol E& ¢ g A

14
() 25 B i
12 I______.——f 30Brix
1.0
£ 03
g
= 06
o
04
0.2
0 0 40 60 80 100 120
Cultivation time(hr)
5Brix 10Brix 15Brix 20Brix  =C=25Brix =0~30Brix
Time (hr) SBrx 10Brix 15Brix 20Brx 25Bnx J0Brix
S 0.100 | 0.100 | 0.300 | 0.500 | 0500 | 0.500
72 0.300 0.400 0.600 1.000 1.300 1.200
T a0 T a1 001 R T s
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SFzAae 7P 2e o+ ASTE e = Z:7d°J 25 Brix el dnlsSd ujx oA 2
3C, 28C, 33C 222 YIS AFsHoH, 1-3d HASE wjgd S AMEHst] ¢ZE& &
& 53 1 AFAE QA Th(Fig. 3) dAUZ 28C 2= A 7HE & 3L &
(Alc. 13%)& YeRJN oM, 28T ol 25 KR o]sle] &5 o] ¢3S Ao #
e Ul oz 89 & £ AT o= A% 25 FH-Ho| ofEHE B oA dZE
g s Zdsfof = FAY A 28C otz 2@ AHS & FF HAHo ¢IFE
AARATFEL 42 EsHEts, & ¢ f8s ¢3S AATFES 48 F s AS AAEI
At

14.0 _
( o 28°C
12,0 /
10.0 0
T 80
;Iu. 6.0
4.0 —
e <
2.0
0.0
0 2 4 6 8

Cultivation time(Day)

23C =-0=28T 33T

A F 7HA 2FHE vy o R dn w59 ko] 25Brixvt HE % o TS iAo 2R
(S cerevisiae) /F F 28C 2ZoA dZLWAFTE S5, 5 FAE 2 EA WHE
AE 9@ F4 A% AAHS 5% 3@ Bay FAHAREES ATl AESAT
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Table 1. @v]s=9) £ A
g = 1] 559

p H 4.61

A= (%) 0.9

BX 70

oxalic acid 0.00

citric acid 0.00

malic acid 0.44

F714H%) succinic acid 1.16
lactic acid 0.00

acetic acid 0.00

A 1.60

Fructose 0.00

Glucose 53.03

2l (%) Sucrose 0.00
Maltose 0.0

A 53.03

Na 14.64

Fe 0.00

ks o 500
(mg/100g) v SeE 65
Mg 49.43
3 Al 325.67

Aspartic acid 19.50

Glutamic acid 48.20

Asparagine 4.69

Serine 11.61

Glutamine 15.00

Histidine 97.50

Glycine 18.20

Threonine 6.29

Arginine 22.40

Alanine 45.18

opw] = 4Hppm) GABA 17.00
Tyrosine 8.29

Cystine 0.00

Valine 11.60

Methionine 5.95

Tryptophan 0.00

Phenylalanine 23.50

Isoleucine 21.48

Leucine 26.00

Lysine 26.80
3 Al 429.19

_26_




2 & =,
AdF-e = 25 ~ 30Brix7} =
(S cerevisiao & HEd AdHA
t}.(Table.2) WA Z=7A4-& A3 AFo] o]y
1

H A FEdE F I

SILWE S A AR B
e

o Faw Fawsg Fawsg Fodg Faowsg
c (1day) (2day) (3day) (bday) (7day)
p H 3.43 3.51 3.55 3.55 3.61
A= (%) 0.36 0.42 0.42 0.42 0.47
Bx 21.8 18.7 17.4 16.4 16.6
OD(660nm) 1.96 2.24 2.28 2.47 2.50
&3-8(%) 7.99 10.95 11.87 12.16 12.51
oxalic acid 0.00 0.00 0.00 0.00 0.00
citric acid 0.00 0.00 0.00 0.00 0.00
o 714 malic acid 0.07 0.05 0.07 0.08 0.07
“T(%)L succinic acid 0.07 0.06 0.06 0.06 0.06
lactic acid 0.22 0.24 0.25 0.28 0.28
acetic acid 0.09 0.09 0.16 0.15 0.13
A 0.45 0.44 0.54 0.57 0.54
Fructose 0.13 0.12 0.09 0.09 0.08
o Glucose 13.03 10.58 8.17 8.22 8.35
el Sucrose 0.00 0.00 0.00 0.00 0.00
Maltose 0.00 0.00 0.32 0.32 0.36
A 13.17 10.70 8.58 8.63 8.79
Na 3.54 3.53 3.48 3.74 3.66
Fe 0.00 0.00 0.00 2.11 0.00
o 2 Ca 3.42 3.49 4.1 4.21 3.95
(mg/100g) Zn 0.00 0.00 0.00 0.00 0.00
K 105.88 106.42 106.64 110.85 109.87
Mg 11.23 13.68 12.86 12.93 12.31
A 124.07 127.12 127.08 133.84 129.79
Aspartic acid 7.73 7.71 7.73 8.12 8.59
Glutamic acid 19.68 20.25 25.38 27.25 29.52
Asparagine 1.88 1.51 1.64 1.62 1.64
Serine 4.65 4.31 4.35 4.31 4.35
Glutamine 6.07 5.42 3.47 3.25 3.47
Histidine 38.80 34.88 32.83 31.44 29.85
Glycine 7.60 10.58 12.12 12.25 12.35
Threonine 2.52 3.11 3.77 4.00 4.19
ofm| =4k Arginine 8.96 8.19 7.96 8.64 8.96
(ppm) Alanine 18.07 21.43 24.44 24.58 24.95
GABA 6.53 4.85 2.75 2.57 2.06
Tyrosine 3.31 4.02 4.42 5.09 5.52
Cystine 0.00 0.00 0.00 0.00 0.00
Valine 5.03 5.15 5.75 6.89 7.18
Methionine 2.38 2.15 2.38 2.53 2.78
Tryptophan 0.00 0.00 0.00 0.00 0.00
Phenylalanine 9.89 10.85 11.38 13.08 13.85
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Isoleucine 8.59 9.35 10.09 11.14 11.95

Leucine 10.40 11.24 12.00 15.48 16.00

Lysine 10.84 9.37 8.72 9.58 10.14

3 Al 172.93 174.37 181.17 183.70 197.36
Table 2.5 B3l & T =] ¢3S LHEAA Follv EETo] &I S29 Aot o] &
B¢ FAsgon, 1 9 HESHIAL, ofrlnal, Bl F FF waE FolF ol
Gee &+ YA ool B AFPNE WrsEo U el 24 o7} Y@L WA A o
H3 dFS T A FAstr] Hetd, dH e g2 xEH(glucose)d Holrd(maltose)o] oF 1 :

vl &o] HEE Azt F7F A4S T3P h.(Fig.6, Fig.7)

14.0 - 18.0
12.0 - 16.0 o
T 9.15% | M40 ¢
. ‘---_._._._._.—-—--'-'_._.--::I - 120 E
s 80 4 < - 100
S 6o -80 3
< 60 il ”
F60 @&
4.0 ¢ w
La0 B
2.0 20 &
0.0 of -~ & L 0.0
0 2 4 ] 8
Cultivation time|Day)
== Alc. B Glucose i Maltose
Time(Day) Alc. Glucose Maltose
] 0.00 5,84 7.02
3 &.00 0 10.72
7 9.15 0 0.39
Figé. @M% %A(ZEY, HopR)e ol §& F=g WE
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14.0 12-51% 18.0

12.0 - ~ 0 16.0 o
14.0 E
10,0 -
120 ¢
. L3
£ 80 L 100 =
E“' 60 | | | ] - 8.0 ?_.
el o
4.0 w
L 40 2
20 - 2.0 é
0.0 & i A 0.0
1] 2 4 6 8
Cultivation time|Day)
=C==pAle, ~B-Glucose —4—Maltose
Time({Day) Alc. Glucose Maltose
] 0.00 16.36 0.0
3 11.87 217 0.32
7 12,51 28.35 0.36

O A @Rl EE(glucose)Ho 2 T Q= wHAEY = (glucose)dt ot
(maltose) 0.2 FAE $FYo g2 43I TES FPIAS Al oF 5% &¢2& Y F&o
ol & Qs ol dFEE LHEA AREe 959 FUT 240l EIE FEl

= o
il o

ZFglucose) HlFo| =STE & o
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Table 3. AX|(24HErE 717bdE HEEA He)
SR AR | AXTE | BAEE | AXNLE | AXEE | JALE | AXLE
e (1day) (2day) (3day) (5day) (7day) (15day) (30day)
p H 2.89 2.92 2.91 2.84 2.76 2.83 2.83
Bx 11.10 11.1 11.3 11.7 11.50 12.73 13.50
A 2.52 2.52 2.58 3.03 3.46 4.35 6.32
OD(660nm) 0.98 1.15 1.23 1.26 1.31 1.14 0.23
& F-8(%) 4.79 4.63 4.24 3.59 2.87 1.54 0.00
oxalic acid 0.00 0.00 0.00 0.0 0.00 0.00 0.00
citric acid 0.00 0.00 0.00 0.0 0.00 0.00 0.00
o 14k malic acid 0.05 0.06 0.06 0.06 0.06 0.07 0.07
Tl_(%)L succinic acid 0.06 0.07 0.07 0.07 0.07 0.07 0.06
lactic acid 0.15 0.15 0.15 0.12 0.11 0.06 0.02
acetic acid 1.98 2.01 2.04 2.43 2.86 4.31 5.50
A 2.24 2.29 2.32 2.68 3.10 4.51 5.65
Fructose 0.00 0.00 0.00 0.0 0.00 0.00 0.00
. Glucose 5.45 541 5.52 5.50 5.67 6.06 6.37
T'—(a) °© Sucrose 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Maltose 0.23 0.21 0.23 0.20 0.25 0.21 0.23
A 5.69 5.61 5.75 5.70 5.91 6.27 6.60
Na 2.30 2.46 2.63 2.81 2.83 2.67 2.81
Fe 0.20 0.12 0.25 0.21 0.00 0.00 0.29
) = Ca 3.50 3.48 3.58 3.58 4.00 3.74 4.89
(mg/10 n 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0g) K 58.39 62.57 66.77 69.38 69.36 73.84 74.11
Mg 10.13 12.12 9.74 12.25 13.89 11.56 20.49
A 74.52 80.75 82.97 88.23 90.08 91.81 102.59
Aspartic acid 6.44 5.12 5.58 4.71 3.86 3.20 1.90
Glutamic acid 19.16 18.53 18.13 15.31 13.47 17.09 13.80
Asparagine 1.64 1.55 1.41 1.25 1.17 0.40 0.20
Serine 3.77 3.62 3.48 3.25 2.90 1.50 0.80
Glutamine 2.60 2.48 2.17 1.89 1.30 1.73 1.50
Histidine 23.88 23.52 23.88 22.55 20.90 14.92 10.20
Glycine 8.08 8.15 8.31 7.98 7.13 5.23 3.50
Threonine 3.77 4.01 4.19 3.83 3.35 3.77 2.50
Arginine 7.47 7.62 7.96 7.96 7.96 5.97 4.20
. Alanine 16.80 16.72 16.80 15.38 13.70 16.29 14.00
T | oaBa 172 171 172 165 137 1,20 1,00
(ppm) Tyrosine 4.97 4.58 4.42 4.42 4.42 4.80 3.50
Cystine 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Valine 7.54 7.52 7.54 6.99 6.47 7.18 6.90
Methionine 1.59 1.81 1.98 1.77 1.19 1.40 1.40
Tryptophan 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Phenylalanine 11.87 12.13 12.37 11.28 10.88 9.40 8.20
Isoleucine 10.09 10.09 10.09 8.34 7.47 5.23 4.30
Leucine 14.40 14.40 14.40 13.58 12.40 10.20 8.30
Lysine 8.49 8.51 8.72 8.22 7.78 8.49 5.20
A 154.28 152.07 153.15 140.36 127.73 118.01 91.40
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mepA] 2 AT oo td BEdS HESt A AR (EDTE Al BEY Yo o &
A& FEE 05% ~ 2% AoVt HES dis Bads Tt TEE P Edoh.(Fig
1) 1 Ax 1%= He 3AS BT oF 230A%tY AR A=

o] HTLL 05% ~ 2%% B FHL W LE 3o] 30%
23 16047hS Bgom, Aol A9 9.20%5 et ot wo] gme el 7|Fol

4.00 1.20
3.50 - 1.00
3.00 ’ \ - 0.80
250
- - 060 =
£ 2.00 H =
& ; i
=L - p40
1.50
L 020
1.00
050 5 -
- -0.20
75.00 8500 95.00 105.00

Cudtivation time{hr)

T 23 2 (%) WA ZEE A A (%)

—

Fig. 10. ZtALFE& 0.5% ~ 4% T3 Wl Ad A A&
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EY, B ATUE F& AASE Age] AP Bgd g A @ 5 e mrh A
olal A-sstd vt El2E|7]E o] &8t ALHIAEC] TAHA R Aste HAS dotR A
itk & HZE N SelA =AXE Be $A8 F 5 e FAR F A £4, S A
o, &uh, Wew, &ute] e, ®entel Fo), AN, pARCLRE oE Frol At
g AS FAR BHAFEr 39 TaEN R, AALaME, AFEEA 2 F A= Fig 129
23kt
Sourness
8.0 -
Saltiness — - 0 T . Bitterness
Richness ¢ + Astringency
NRwE
L.Imami."'---___._ — 1 ._.-"";ﬂ'.ﬁEHHSTE—E

Aftertaste-A

Fig. 12. 3% &A%, FHTEA 2o g Ste|2H 7] vl A3

ghe] &m], Aftertaste A g2ute] S,

* Sourness 4%, Bitterness ¢3¢, Astringency %->5t, Aftertaste-B 25
Q= Zmn|, Saltiness &uk

Umami 7+& =k, Richness ZF2nto 2 BE @

H Ao mEw AFLFEAZxe A9 4lvte] A% wid, 7HAukd AHE HAo] A A
womA o] Zale], O AA R #F FH] FA Ro} o] F wpxaAEy] {3 4F w5
A g FAHRFRE & Tl fles & F Uk oo ®vA 3¢ BEA xoF FALE A2}
of Ml Al & FolAte oy Alutd HEuk FiEA ThAh $9E BT IS Fels)
)J\]:]—-

8y s FEL @3] dolA “AAE SATOR oy] d F glom, FoA =AA
© WA =3 O 54 AR 8% Qhoth BEF HxE FARC 24 o9 Z4+F 5t A
i g we] dRERE olgFo] 13 Fu EAS VMM 22 A5 sHgsE #a
o Aol wet 7] Aol Zolrb Ank wEbA, 3 BaEAx A dAE Fr|4E W
32 BEA35t. 1 A= Table. 494 #3tt)

Table. 49| AelA & Q%o FHUEE A x+E 26F, 3& &Ha %7} 5159 aTk7] A
Ho] A& HUY. F8 Fr] AES FWH 2§ é}zlr: acetic acid’7} 7} =9or
1-butanol, 2-butanone, benzaldehyde, ethanol =S et 39 dE A xo 8 AHAE:E
acetic acidZ7} 7P %L FEEES A5 A3 1S ethyl acetate, benzene ethanol,
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No. AEH X E 2 3 dEAZ
1 acetic acid 85.95 74.74
2 1-butanol 4.63 0.56
3 2-butanone 1.15 0.93
4 benzaldehyde 1.03 0.32
5 ethanol 0.72 0.79
6 formamide 0.62 -
7 octasiloxane 0.54 0.47
8 butanedioic acid 0.43 0.27
9 N-ethyl-1,3-dithioisoindoline 0.38 -
10 silicone grease 0.35 0.38
11 phenylethyl alcohol 0.34 0.16
12 cyclotrisiloxane 0.29 -
13 cycloheptasiloxane 0.23 0.20
14 2,3-butanedione 0.22 0.11
15 3-(4-N,N-dimethylaminophenyl)propenoic acid 0.18 -
16 6-Aza-5,7,12,14-tetrathiapentacene 0.14 -
17 tetracosa methyl cyclododecasiloxane 0.14 0.65
18 cyclotetrasiloxane 0.10 0.04
19 phenol 0.09 0.05
20 decanoic acid 0.06 0.40
21 6 methyl-2 phentylindole 0.05 -
22 cyclononasiloxane 0.05 0.38
23 butanoic acid 0.04 0.22
24 eicosa methyl cyclodecasiloxane 0.03 -
25 benzoic acid 0.02 -
26 2-ethylacridine 0.01 -
27 Ethyl acetate - 7.61
28 benzene ethanol - 1.71
29 2-phenylethyl acetate - 1.62
30 iso-valeric acid - 1.01
31 3-(difluoromethyl) pyridine - 0.99
32 isoamyl acetate - 0.94
33 2-propanol - 0.91
34 iron - 0.78
35 1-heptanol - 0.54
36 heptasiloxane - 0.50
37 2-methyl-butyl acetate - 0.33
38 toluene - 0.23
39 2-methypropyl ester - 0.19
40 hexasiloxane - 0.14
41 acetaldehyde - 0.13
42 dodecanoic acid - 0.11
43 eicosa methyl cyclodecasiloxane - 0.10
44 cyclohexasiloxane - 0.08
45 decanoic acid - 0.07
46 cyclodecasiloxane - 0.06
47 hexadecanoic acid - 0.05
48 benzene - 0.04
49 silicic acid - 0.01
50 propiophenone - 0.01
51 silane - 0.01
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Table 5. AAWENT 36 WEY FAY FFHH 48 wm

(

AA B A= 3% WE Hx
3 = i _ AdIE x4 A
z7) =7] 7] . . .
oxalic acid 0.00 0.00 0.00 0.00 0.00 0.00
citric acid 0.00 0.00 0.00 0.00 0.00 0.00
o malic acid 0.07 0.07 0.07 0.07 0.06 0.00
2B T succinic acid | 0.07 0.07 0.06 0.06 0.07 0.10
lactic acid 0.06 0.06 0.02 0.28 0.11 0.07
acetic acid 2.16 4.31 5.50 0.13 2.86 7.57
A 2.36 451 5.65 0.54 3.10 7.74
Na 2.76 2.67 2.81 3.66 2.83 3.79
Fe 0.00 0.00 0.29 0.00 0.00 0.13
AR = Ca 3.24 3.74 4.89 3.95 4.00 4.11
(mg/100g) Zn 0.00 0.00 0.00 0.00 0.00 0.00
K 75.42 73.84 74.11 109.87 69.36 100.52
Mg 10.66 11.56 20.49 12.31 13.89 11.42
A 92.07 91.81 102.59 129.79 90.09 119.96
Aspartic acid 5.5 3.2 1.9 8.6 3.9 1.5
Glutamic acid 18.5 17.1 13.8 29.5 13.5 9.1
Asparagine 0.5 0.4 0.2 1.6 1.2 0.5
Serine 1.7 1.5 0.8 4.4 2.9 2.0
Glutamine 1.9 1.7 15 3.5 1.3 1.3
Histidine 22.5 14.9 10.2 29.8 20.9 14.7
Glycine 7.5 5.2 3.5 12.4 7.1 6.0
Threonine 3.2 3.8 2.5 4.2 34 2.0
Arginine 9.5 6.0 4.2 9.0 8.0 6.2
Alanine 17.2 16.3 14.0 24.9 13.7 9.9
oo i 4k
(ppm) GABA 1.7 1.2 1.0 2.1 1.4 1.0
Tyrosine 5.0 4.8 3.5 5.5 4.4 3.2
Cystine 0.0 0.0 0.0 0.0 0.0 0.0
Valine 7.5 7.2 6.9 7.2 6.5 4.2
Methionine 1.5 14 1.4 2.8 1.2 1.1
Tryptophan 0.0 0.0 0.0 0.0 0.0 0.0
Phenylalanine 10.5 94 8.2 13.8 10.9 7.5
Isoleucine 9.9 5.2 4.3 12.0 7.5 4.0
Leucine 15.4 10.2 8.3 16.0 12.4 8.0
Lysine 9.1 8.5 5.2 10.1 7.8 4.0
& A 144.6 118.0 91.4 197.4 127.7 86.2
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Al 2 A 3g TERS o] & HEY A& Ax 3 F84 ¥l

1. A+
7 A=

(1) e
B oAge AgE way AF
=

. stdel 439 A8
g, Aey

(1) pH, Brix, 4t%, OD &4

pH =7 pH meter(pH Meter, Metrohm, Swiss)E AH&3t9th % 4t=& AIE 2mLel phen
olphthaleine A A|¢Fo. 2 &la] 0.1 N - NaOH&H o &2 F3} A A3l 1 AAHX(mL)E x4+
F(%) O 2 sttt 45 FHTEA(RX-5000a, ATAGO Refractomreter, Japan)S A3}
o ZA3IH . OD4t2 UV spectrophotometer2 660nmeoll A =7 3} 33 o

@ 9 24

dnl wHAe 109 HXstn 4 FAE AEL 4L 045 m membrane filter o 43}
HPLC(high performance liquid chromatograph, Agilent Technologies 1200series, USA)Z -3}
At

fFEld B48 columne Econosphere Amino 5 4 Column(250 X 4.6 mm, 5 um, Grace)o] %l
o™ detector= RI detectorS AM3tETh o] ZAS water$t acetonitrile 7:3(v/v) ¥l &= &3
st ARE3F o™ flow rate= 0.6 mL/min ]tk EFEH-S fructose, glucose, sucrose<} m
altose(Sigma Co.,)& AH&3A Tt

3 &FZE B4

Al 542 10 A5t 72 FAE AMEL AYS 045 um membrane filter2 o 3}-3)
HPLC(high performance liquid chromatograph, Agilent Technologies 1200series, USA)Z 43}
At

dFE 48 columne Rezex ROA-Organic Acid H+ Column(300 X 7.8 mm, 8 um, phenom
enex)= A3t o™, detector= RI detectorg o]&3te] HAE3HA T o542 waters ArE
stR e flow rate= 0.7 mL/min, column &%+ 60T ©] At

4) 714 B4
v FEHAL 100 s 2 FAE AMES YAS 045 um membrane filter2 o 75}
HPLC(high performance liquid chromatograph, Agilent Technologies 1200series, USA)Z 435}

At
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714 B8 columne Rezex ROA-Organic Acid H+ Column(300 X 7.8 mm, 8 um,
phenomenex)2 Al-83}51 S M, detector+= VW detectorE ©]-83te] 210 nmollA AE3FA T o]
B2 0.000N HxSO4e Ag3t9 o™ flow rate= 0.5 mL/min, column &%+ 55ColAth. &

=742 oxalic acid, citric acid, malic acid, succinic acid, lactic acid, acetic acid(Sigma Co.,)&

AHE-s AT

G) PulgE 24

= g 54 —"‘fﬂ‘ﬂ of oa)A, A& 1gol @4 8mLS ¥l Microwave digestion system
S Ag3le] AgE AAE 2 BEsigh o] Al £A90F ] inductively coupled plasma(CP)
optical emission spectrometers(Gennes1s—FEEA, AMETEK)E ©]&3}a] Plasma power 1400(W),
Coolant Flow 12.00 L/min, Auxiliary Folw 1.00 L/min¢} Nebulizer Flow 1.00 L/min®] ZH o=
LA et

lI

W,

A1

~

i

g

6) BtE|~E &4
be| ~B] £2.& A A} (Taste Sensing System TS-5000Z, Insent Inc.)E AF-&3fe] Aldk, &0
Heut, kel Su), gwaute] $u|, A, Ege] $u|, guks el gtk
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T2z AxE AT AA(EHDEE
A A Ad el aaH ot (Fig. 13) ¢32&
e AT F A

GKH

A A Eo] T =W Adeles o AU YERT ol A5 AolE, §4 EIE
T 94T [ FEFol & AvEFHY Axste] AX(2iHEE ARES dESTaA
2] A5 I AoloA &= ARl ACE AEHT

Jeong 5(1996)2] X o] 2stH Az Ax Al 2I|AET F/1EFE M E 0] F 277}
AoAABZ Z7|AEE 3% olstE ZH-3= A 9| g st or, 27145 0.5 ~ 1%l
Ao Aty edoE 24t ErE A oty BaEnl ot
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AD(%)

Fig. 13. GK(3t= 9} &=

L GK.6%
5 =
4 & =
= GK. 6%
3 [ = 8]
== GK. 8%
2 = GK, 10%
1
0
0 50 100 150 200 250 300
Cultivation time(hr)
Time (hr) GK.6% GK. 8% GK.10%
(AD. 3%, Alc. 3%) | (AD.3%, Alc. 5%) | (AD. 3%, Alc. 7%)
0 3.09
24 315
48 342
72 4,02
448
5.05
240 5.35
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(2 WE FFUe] BE WY = Y

Nz wEel AgHE WAL 2AE FA F AZBA FAT ALE YA B
GURES FHeolF B ) DU BE APl 2ol oA LE FFUe] W)
A A ol

Yol A9 yeast extract, peptone, (NHy):SOs2 247t 0.1%% H7lste] A4 a5 &

QI3 A3, yeast extract7} AR A o] 71& =4 JElstth Yeast extractE 2z 0.05%, 0.1%<F

0.15% H7bste] A4 & BA3) & A 01% F=olA b A deiwth ® 79
FEA KHPOs, MgSOs9t (NHD,HPOsE 0.05%2 7bshe] 2td&e 43 2 23} MgSO,
0.05%NA 2ol 7Hd =A vebstth(Fig. 14~15)
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AD(%)

i ==yeast extract
== peptone
== (NH4)2HPO4

0 20 40 60 20 100 120 140

Cultivation time(hr)
Time (hr) yeast extract peptone (NH4)2HPO4
1 = ~ 2~ 0
Fig. 14 DEI Y dad ez 4 44 +&
6

3 . —+—yeast extract 0.1%
Mgs04 0.05%
—m—yeast extract 0.1%
2 KH2PO4 0.05%

=O==yeast extract 0.1%
(NH4)2HPO4 0.05%

o 20 40 60 80 100 120 140

‘Cultivation time(hr)

Time (hn) yeast extract 0.1% yeast extract 0.1% yeast extract 0.1%
MgSO4 0.05% KH2PO4 0.05% (NH4)2HPO4 0.05%

0 305 108 305
e R e e
______________ S B
______________ e e B
T e R P R Lo
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Table 6. =td 2] HF2

olstst B4 A%

3 = 4 T
p H 3.71
A= (%) 0.3
BX 6.4
oxalic acid -
citric acid -
malic acid -
714H%) succinic acid -
lactic acid 0.16
acetic acid -
A 0.16
Mg 2.93
Na 2.08
N Fe 0.16
(me 1000 Ca 3.25
K 5.29
Zn 0.04
3 Al 13.75
Threonine 2.63
Cystine 1.06
Tyrosine 5.72
Arginine 19.88
Alanine 18.18
Proline 65.94
Lysine 7.04
Histidine 7.54
Isoleucine 2.76
%ﬁ;’/}f&é;‘)& Leucine 12.16
Methionine 2.74
Phenylalanine 7.37
Tryptophan 1.52
Valine 3.99
Glutamic acid 14.62
Asparaginic acid 5.05
Serine 3.92
Glycine 3.4
& Al 185.52
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Table 7. Ax|[(z4HEa 7|170E A& 4 A3
GK 6% GK 8% GK 10%
B} A A A A A A A A A
° Mg | Pa | wa | wE | wE | ww | %a | 2a | Ua
(1day) | (3day) | (5day) | (1day) | (3day) | (5day) | (1day) | (3day) | (5day)
p H 2.86 2.86 2.78 2.95 3.04 2.88 3.09 3.17 3.10
Bx 4.2 4.15 4.0 5.5 5.4 5.3 9.7 8.7 7.6
AT 3.11 4.72 5.20 3.14 4.12 4.73 3.10 3.12 3.15
OD(660nm) 0.031 | 0.128 | 0.169 | 0.028 | 0.095 | 0.115 | 0.038 | 0.012 | 0.011
& 5-2(%) 3.39 1.25 1.09 5.34 4.05 2.18 8.32 8.13 8.00
oxalic acid - - - - - - - - -
citric acid - - - - - - - - -
r malic acid - - - - - - - - -
ZJ} succinic acid - - - - - - - - -
(%) lactic acid 0.24 0.30 0.38 0.34 0.50 0.38 0.65 0.63 0.54
acetic acid 3.10 4.63 4.95 3.12 3.83 4.28 3.08 3.21 3.18
A 3.34 4.93 5.33 3.46 4.33 4.66 3.73 3.84 3.72
Fructose - - - - - - - - -
fr Glucose 0.59 0.91 0.59 0.84 1.35 0.74 1.26 1.55 1.11
E} Sucrose - - - - - - - - -
(%) Maltose - - - - - - - - -
LA 0.59 0.91 0.59 0.84 1.35 0.74 1.26 1.55 1.11
Mg 6.72 7.12 7.14 7.84 8.5 7.75 8.25 9.65 9.16
Na 3.10 3.95 3.58 3.36 3.61 3.58 5.28 5.53 3.57
u Fe 0.22 0.22 0.23 0.23 0.21 0.21 0.24 0.23 0.23
%l Ca 3.06 3.43 3.2 3.53 451 4.34 3.97 5.14 4.87
(mg/100g) K 15.10 | 17.09 | 16.67 | 20.73 | 27.61 | 19.07 | 20.64 | 30.04 | 29.87
Zn 0.10 0.36 0.15 0.13 0.2 0.15 0.21 0.29 0.22
A 28.30 | 32.17 | 30.97 | 35.82 | 44.64 | 351 | 38.59 | 50.88 | 47.92
Threonine 2.78 3.18 3.24 3.76 52 4.28 3.82 6.74 5.98
Cystine - - -
Tyrosine 5.56 7.4 6.43 8.21 | 1282 | 8.13 8.18 | 15.38 | 12.78
Arginine 13.76 | 18.41 | 15.92 | 21.02 | 32.05 | 22.46 | 21.81 | 39.44 | 33.77
Alanine 10.25 | 10.98 | 10.43 | 14.5 | 19.38 | 13.49 | 14.49 | 24.1 | 20.74
Proline 725 | 1146 | 7.09 | 11.22 | 19.29 | 16.03 | 229 | 18.29 | 33.48
Lysine 854 | 12.68 | 10.36 | 124 | 21.19 | 13.06 | 11.84 | 24.13 | 19.27
Histidine 4.59 6.18 5.62 6.88 | 10.38 | 6.62 6.67 | 12.66 | 10.62
Isoleucine 3.43 3.9 3.72 4.55 6.32 4.72 4.22 7.27 6.33
Ol} Leucine 839 | 10.73 | 9.08 | 11.79 | 18.77 | 12.24 | 11.52 | 21.9 | 17.55
v Methionine 2.1 2.71 2.19 3.09 4.9 3.11 3.08 5.75 4.62
/\P Phenylalanine | 5.95 7.48 6.4 8.36 | 12.89 | 8.77 8.13 | 15.06 | 12.33
(mg/100g) Tryptophan | 1.15 - - 1.7 | 049 | 046 | 174 | 216 | 1.67
Valine 4.6 5.38 5.33 6.31 8.81 7 6.02 | 10.26 | 9.32
Glutamic acid | 11.47 | 13.52 | 11.23 | 17.1 | 25.08 | 16.17 | 17.45 | 32.26 | 27.11
ASPgrc?glmc 422 | 498 | 458 | 573 | 858 | 569 | 574 | 997 | 851
Serine 3.45 3.88 3.63 4.70 6.47 4.90 4.55 7.75 7.30
Glycine 3.91 4.38 4.3 5.70 7.78 6.07 5.82 9.67 8.61
A 101.4 | 127.25 | 109.55 | 147.02 | 220.4 | 153.2 | 157.98 | 262.79 | 239.99
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5AZt TaEF AA(ZMLENE o] &af AF(=AHTEE APsto] e HxE A=
At A (T AEA ] 27] X4kt FAo] o] ol wiZx] of T2AZke] Bagon, F T
q AREE of 240/ %ol it A= Fig. 163 At

714k frEjobrl kel A HEVE YA SUkskl e, 714k & acetic acide] @
Fol 5 olFoen HAagoA Fd Aoz Hol= lactic acid= 45 A

2 Yehgth opni4ke FoFstd JRA R of
glutamic acid, arginine$} prolinee] 7}3 &
= B2 8% dEYotet AddelA Foll FYT ofm|=Aikel

- = AR :é_!- 1l
o ool=rlue QusAs A4S Bel £F 29 S80R YRFS S 280 YR
SEE, 44 O Bl FFHORA 2459 FE Gkl don ATAR} A
EMLEETNE)
12.00 1600 me
L 1400 me
10,00 Wi
M | 1200 ne
'w X
5o Y4 L 1000 me
BOD it m 200 m@
- 600 me
400
L 400 me
200 ‘\TJ r\ 4
Fa!10 i s e
- ome

0.00 e e e e v e e e oS Tt T T | v . e o

—l—=AD. (%) EtOH(%) =—=—=GK =—s—AQOUTF

Fig. 16. BHae] 2lzo] AX(2ihwE Az
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Table 8. A (x4ihHtg =4 <] =4 A3
g = AR (24hE s
p H 2.71
AF5(%) 9.20
BX 6.20
oxalic acid -
citric acid -
malic acid -
71 4H%) succinic acid -
lactic acid 0.36
acetic acid 9.23
A 9.59
Mg 3.66
Na 2.52
Fe 0.21
(mg/100g) ca 5.0
K 3.15
Zn 0.06
s A 13.2
Threonine 3.14
Cystine 1.86
Tyrosine 6.09
Arginine 15.80
Alanine 12.18
Proline 14.11
Lysine 7.57
Histidine 8.67
o g ohm] Ak Isoleucine 3.14
(mg/100g) Leucine 11.51
Methionine 2.44
Phenylalanine 7.96
Tryptophan -
Valine 4.76
Glutamic acid 17.46
Asparaginic acid 4.7
Serine 4.54
Glycine 3.12
s A 129.05
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AR, AX(EAHDTE dAE 27 249 AR %)
Aot iAo FFH AL LT ASFE QA B A, 3BT 252714 4
GFE 3% wiA] FAOA AWAPETN ASFUE M w=dTh BA(EDTEE AR
BE 93 %27 GAE A 3/‘301] Q3 cell massgH = TFA Az ALt JojA HA
Aoz FQa3 948 Jof Tav|E 24kt S 2L U d3, AX(24HEE 5Y
of W57t 7Hd st AR (R hEae AFe BA(EADTRE V) S5YE AR SAT

EAE, AA(EADTE dAo FRFIYFAY FFE A2 A4t oA Fad 849l
A28 A "°°ﬂ FAAQL a5 YEH S Attt 249, AU F yeast extract 0.1%,
T4 5% MgSOs 0.05%7F AHBA&o] ol X4 waryt # 2PHo] FX(ZAHLEA A=
3%, %i% 3% HaFFR o7 yeast extract 0.1%2F MgSO, 0.05%S H7bsle] WA S %A
3t A T

AR, AR (LR GA= opdzt B8 2E Ax32 A B8 7|Edgo] FHE
o], ¢x 31C, 7% 0.15vvm, w¥<ES 400rpme] #a] =74 Byl ofyg RELF L)
0.5% ~ 2% W9 Atolo] =de] YF5 ES=E st A& CCP(critical control poinH)@ A

g8kt

3

2. 3% WEWL o] §F A A= A%

D) =g 4z A%
del wzaE FHL EUE AF0 FE9T At HaY Az 4R JFow e
Az AAFS AzsAch el Hze AAF ARE Fig 179 2ok




27198 /92 2SS 3% HE An Az ANEY FEF 4F
o gk 71E GAY AEBANARY G575 3671 Loln, 3¢ WE A

Ao
Table 9. Wtd 8|8z F&7| 44 4 23
g = & =
—= —= } = }+ ¥ =
ig gzﬁg W | B9 | hzoc | mzge | UVE | &9 Al
STD 0 0.174 O STD 0 0.174 O
1 0.252 O 1 0.332 O
2 0.268 O 2 0.374 O
3 0.297 O 3 0.408 O A2
4 0317 | O 4 0.493 X AA=
420nm
50C 7 0.328 O 60C oA =
10 0.376 O
13 0.395 O
14 0.408 O
20 0.458 O
s0CH Aol 2 Y Y s
0.5
>
0.4
a 0.3
[
O 02 &
0.1
DD 1 1 1
0 5 10 15 20
2EY
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0S| HEL v = 00,0654 + 02194
05 = R = 0.5909
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Aoddz FAY HEV|DHE o= =,
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b 02} REG AlLE Al
O A&7 FABAE vdBAC|EE REIFE AL
50CAA REDF 0 20
60C oA HELSF @ 4Y
@ QuValue=50T ol 4] BELF [ 60T A4 BELF
Q105
@ F2@5C)oA e BELASF
= 60C oA BHELT X Qu'lr=(60-25)/10]
= 1118.033989 (¢F 37.2771€)

(b 1A ¥Hgo = HF A
O D-Value : 1og(No/Np)=(Ty,-To)/Dr
Dso=-47.58
Dgo=-9.41
@ Z-Value : log(Dsy/Dgp)=(60-50)/Z
Z = 14.21
@ QuValue=10'"%=5.0561
@ =& UV AR = = 0493
® 50C EE AY oA 4(25C) REIF
= 50C HELF X Qulr=AT/10 = (50-25)/10]
= 1149.656294 (<F 38.3271€¥)
® 60C EE AY oA 4(25C) RELF
= 60C REYF X Q'lr=(60-25)/10]
= 1162.554248 (¢F 38.7571¥)
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4 = Ao % A vrAE A 2
p H 2.76 2.82
2 =(%) 5.35 5.48
BX 4.1 3.7
oxalic acid - -
citric acid - -
malic acid - -
714H%) succinic acid - -
lactic acid 0.19 0.23
acetic acid 5.37 5.62
A 5.56 5.85
Mg 2.54 5.52
Na 2.68 59.86
Fe 0.19 0.51
(géﬁo%g) Ca 3.14 5.07
K 3.63 36.49
Zn 0.06 0.21
A 12.24 107.66
Threonine 2.41 5.90
Cystine 1.46 0.55
Tyrosine 4.63 0.97
Arginine 11.91 8.95
Alanine 9.15 18.11
Proline 20.97 2.64
Lysine 5.61 9.47
Histidine 6.3 2.52
Isoleucine 2.39 6.35
%ﬁ;}{?@& Leucine 8.63 12.98
Methionine 1.97 3.16
Phenylalanine 6.1 8.60
Tryptophan - -
Valine 3.68 5.76
Glutamic acid 13.50 12.49
Asparaginic acid 3.84 3.88
Serine 3.39 6.70
Glycine 2.30 5.97
& A 108.24 119.6
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A 5 & d7fe d3 H 44

nko

E A

o

Al A A7 A

=
Jm
e

29w

i‘;o]x} T A 5 =5/ 849k =7}

o= =

20140806 | 5% GEmEnRs S8w o &=
0. o= 3ehul g 2] 2 0] A 2w 10-1429587 b

Al 2 A A3Eg A

O 20159 sptr] W ‘3 2ay S &83 A Hx N 55 = 9%

O AF3 A Wk

RS LR

X Y& A= oyoiE 0.59/4 (GP 70%) EAEH 2015, SHHE7|
H=#H4 SHAFZ2|0| Y A= Q1 100% SL A =2 5" “H S A =" Category2| Line Extension

*HE S (USP)
1.100% =ILjAF =

- SHETHE0| Y g, 100% ILHAL THel or T8 HHAIX

- BI0|EAlZ base2| 28I Y AXETLOH, MY/ ES SME 5310 L= "whole food” A=
2340 28 Hmer FI| SAI=E
=> FS9 LU= &2 7+ %t U or 3= HEli(ex. 21}, 22, 2], B2 5)
*SPEC- #*z &=, HH %=
*22F & 74 : 560 mi(3,000& ~3,2002)), 800ml(4,0002 ~4,2002)

- 7|E QZ/E0]/AFDH/ O 42,0002 ~3,5008/560ml, 2,7002 ~4,5002/800ml)

- M1 ZTAL: 2o 100% AtHE S AR/ T D AIR(37002/800ml, ‘141 38) => 100% MYUZ EH @55 = HIZIH A

& or =

W Q|- HAE A5A =AML QAL AHEFE2])(2,0008 /500ml) => 27| Z2|0|HAIE Line

LAZEFE(HR): o 1229 (FA HEAZE TIE)
SE(ZH) 2.25(EWHEY
N ag - AT EE o 10%e] AEE HEAEGEE)S 2010 AR

- BAUA S AEEHo2 NAGHE dubalx AR 2 2O s HE EA
Za 1. R&D: CHYst t/2 5 =Fdg L=5t0, 20|20 =gzt A& & Search

e g 2. MKT: DZHQIX| & =

Main Target 304001 =2 - AHEH
Target(E)

Sub Target A0C ~ 50CH =&t
FAA= | od ZnEsE | 2040
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(O The Efficacy of Vinegar on the Suppression of Postprandial Glucose Elevation (2011,
Journal of the Japan Diabetic Society)

(O Directional isolation of ethanol-tolerant acetic acid bacteria from industrial fermented
vinegar(2013, European food research and technology)

(O Vinegar ingestion at mealtime reduced fasting blood glucose concentrations in healthy
adults at risk for type 2 diabetes(2013, Journal of functional foods)

O Intake of Vinegar Beverage Is Associated with Restoration of Ovulatory Function in
Women with Polycystic Ovary Syndrome(2013, The Tohoku journal of experimental medicine)

O Physicochemical Components and Antioxidant Activities of Daebong Persimmon (Diospyros
kaki cv. Hachiya) Peel Vinegars(2013, Current research on agriculture and life sciences)

O ¥=x4= 3 =8 AAJINOMOTO CO INC, 2011

O A has the effect of lowering blood pressure, vinegar beverage and its production
method(5i i, 2011)

(O Fruit vinegar tea drink and preparation method thereof(MIAOYU BEVERAGE LIMITED
LIABILITY COMPANY, 2011)

frote HA 2P S(AJINOMOTO CO INC, 2011)

O 7td 558 4%

i
i

O Fermentation type fruit juice vinegar beverage(Yantai Gisbelle Wine Co., Ltd. 2012)
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fast-to-slow &% £43d%o] THE Fo d7& FdsAt

2. 398 E A=z I F8 #UAHA 24 ATY AL BH 2 AL &<

A Aol el mp7EA = 3d a2 e} 24ko] ofsto] 3T3-L1 A FAlze] 231 A,
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SUMMARY
[. Title

Standardization of 3 stages vinegar fermentation which uses traditional fermentation methods
and its functionality study

II. Objectives and necessities of the research

The quality of life and the position of the women is getting higher, and the conditions for
exercise have been greatly improved than before. Thus, the interests in  ‘exercise
supplements’ have been greater. In addition to exercise, the accumulation of fatigue from
social life resulted in the increase of the interest in restorative drinks. However, the related
market, especially the exercise (food) supplement, has been depended on imported products
for decades; therefore, the position of domestic exercise supplement in the market is seemed
to be very low. Until few years ago, the scale of the market was not big due to low
interests by people, but it is right time to expand the position of the domestic products in
the market in accordance with the lasting interests in exercise supplements. Therefore, here
we studied the anti-obese effect and the enhancement of endurance capacity by 3 stages
fermented vinegar and we tried to establish a bridgehead to secure the position of domestic
exercise supplements in the market through this research and development.

. The contents and range of the research

1. The effect of vinegar on the differentiation of 3T3-L1 preadipocyte and gene expression
level during the differentiation

A. Changes in pH of culture media the concentration dependent of vinegar

B. Cell viability test to 3T3-L1 the concentration dependent of vinegar

C. Cell viability test to 3T3-L1 the pH dependent of vinegar

D. The effect of vinegar on the differentiation of 3T3-L1 preadipocyte

n}. The effect of vinegar on gene expression level during the differentiation of 3T3-L1

The effect of vinegar and its organic acids on obesity and high-intense exercise ability
. Animal study

Estimation of endurance capacity in high-intense condition

. Serum lipid contents and parameters involved in exercise ability

U O wE N

. The expression level of mRNA involved in muscle type transformation

3. The effect of 3 stages fermented vinegar and acetic acid on the differentiation of 3T3-L1
preadipocyte
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4. The effect of 3 stages fermented vinegar and acetic acid on endurance capacity and its
mechanistic study

A. Animal study

B. Estimation of endurance capacity

C. Serum lipid contents and parameters involved in endurance capacity

D. The expression level of proteins involved in muscle type transformation

E. Estimation of muscle fiber type transformation by immunohistochemistry method and

investigation of its mechanism

IV. Results of research development

1. The effect of vinegar and its organic acids on obesity and exercise ability

In the present study, we found that the vinegar inhibits the accumulation of lipid droplet
during the differentiation of 3T3-L1 preadipocyte through down-regulation of mRNA
expression involved in lipogenesis. Moreover, creatine kinase and urea nitrogen, indicators of
increase in endurance capacity were significantly reduced in serum of high-intensity trained
rats fed high-fat diet with acetic acid and pyruvic acid. Although the rats were high-intense
trained, the mRNA expression of MHC I, indicator of slow muscle fiber, was significantly
up-regulated. Thus, we performed the consecutive study more focued on the endurance
capacity and fast-to-slow muscle fiber type transformation.

2. Estimation of muscle fiber type transformation by immunohistochemistry method and
investigation of its mechanism

As the previous study, we found the inhibitory effect of 3 stages fermented vinegar and
acetic acid on the accumulation of lipid droplet during the differentiation of 3T3-L1
preadipocyte. Additionally, acetic acid induced a significant increase in endurance capacity
with a reduction of visceral adipose depots compared to a control group. Serum levels of
non-esterified fatty acid (NEFA), and urea nitrogen were significantly lower in acetic acid-fed
mice than in control mice. Importantly, in exercised mice, acetic acid significantly increased
the muscle expressions of key enzymes involved in fatty acid oxidation and
glycolytic-to-oxidative fiber type transformation at both gene and protein levels. These
findings suggest that acetic acid improves endurance exercise capacity by promoting muscle
oxidative properties, potentially mediated via AMPK dependent mechanisms and these
observations provide an important basis for the application of acetic acid as a major
component of novel ergogenic aids and warrant further clinical evaluation.

V. Achievement and its application plan
1. Achievement of the research
A. A poster presentation was given at annual meeting of ‘The Korean Society of Food

Science and Nutrition” using this research, and it was awarded an excellence award.
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Moreover, An article titled ‘Acetic acid enhances endurance capacity of exercise-trained
mice by increasing muscle oxidative properties’ was submitted to ‘Food & Function’ , an

international SCI journal.
2. Application plan of the research

A. An article will be submitted to ‘Journal of Food Science’ , an international SCI journal,

on the topic of ‘Production and standardization of 3 stages vinegar fermentation process’ .
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O FIA 429 HHATE Fuhel vis) $3 B AT Holith RuE o
Jatel BEFFEAC 4B FrhFely, Guln, NS, G, FAFAANY, FYANS
a5 ATk ol FolA YUtk wF Ak T MM 2§ slde]l HIHYW, £FF
P5AAN S AF 2 b 2AF0] nuHYo, LA el hY T 44 7)Aol
B @7 nagn g

O Davalos 5 (2005), Xu % (2007)3 Sakanaka % (2008)2 2%¢] in vitro &4t3 &5 2
Bt Xu 5 A% AZHA9 maillard 934 FA 5 E melanoidin® 343 5&
H 189 o™, Sakanaka 0] Eg Az, WeAx FujAx, AMHA 2] AkstE AT
Ae Az dnjdzoA AlgAx 1o 1087HF & F48te S Budde.
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mEka 2Abo] FHE Az FEFEMNAEAE 7dE & AU

O I 9o x= Kishi & (1999), Johnston & (2006), Setorki 5 (2010)3} Armentia 5 (2010)<
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g A&7} 3T3-L1 A FAEe] £ v A= FFF 7}
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7}3ted total RNAE FE3t3., cDNAE dA43tATE T4 cDNAS Ay #«
target primerE ©]-&3std mRNA a2 A=ttt AP realtime PCR 7]7] & ©]
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Fig. 5. AWATFA X E3}A lipogenetic genes] & W3}
E37F =% 3T3-L1 A HA|Zo|A FZ3 RNAZHE] cDNAE 43} realtime PCRH

o2 Ao BEE 2 7FA mRNAS Id-& &<l A3 SREBP-1c (Sterol regulatory
element-binding protein-1c)¢} PPAR-y (Peroxisome proliferator-activated receptor-gamma)
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o] zxE=d wat ZA T4 SREBP-1lcx= AW=x2]  lipogenesis (A3}
el =8 FHEAAE, FAS (Fatty acid synthase)uy} ACC (Acetyl CoA carboxylase)$} o]
A4k Aol Tk genedl WS 2A3H, PPAR-y & AWEA 9 A4 2 U
of oA Fo FHdAA|T. o] Fd o YIS Hhe= FASeE ACCY Td A thzT o

Aol ofal o] A FAastATH THY A A &8F @l aP2 (Adipocyte protein
2 or Fatty acid binding protein 4) o] #&d-L Controlol ®]3] w&o] F7}3F tHFig. 5).
olo} e MERI P A HAAAE Tt Az HAHVF ANEAL 2 FHES

Yoz vl Z23E yehd ¢ doe M S Al AT

e et

2. Az U F8 §77]

=
o
i
Al

&

o

g Hg 8 *ErdeY A &£ 9t

b AT, 2474 2 A4 B}

Table 1. f7]4 &2 34 AH F, HTtf= F o AFH3}

Body weight gain, g

Con 3409 + 137
Acetic acid 3024 + 44 %
HFD
Pyruvic acid 301.3+83*
Lactic acid 3253 +118
350 - Change of exhaustive running time
300 -
m
& 250 1
@
£ 200}
‘;) *
c L
£ 150 I
c
& 100
<
50
0
Con Acetic  Pyruvic Lactic
_ acid_ _ acid acid
Fig. 6. 7714t &2 &4 A# F, exhaustive running time] H3}
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% Body weight

% Body weight

A Liver B White adipose tissue

25
20
*
15
10
5 [
0
C Soleus muscle D Gastrocnemius muscle
0.5 1.2
1.0 -
0.4 *
*
0.8 -
0.3
0.6
0.2 1
0.4 ¢
0.1 0.2 -
0.0 0.0
Con Acetic Pyruvic Lactic Con Acetic  Pyruvic Lactic
acid acid acid acid acid acid

Fig. 7. #7714 && 24k HA%H Eid 52 AAE Y =3 FAHES

125 Fte] AFTHstEFS gl A7 Az FFE F8 F7]4k acetic acid (24H<}k
pyruvic acid (3] F8B4H) HFHFolA Ao g wrgtti(Table 1).
[e]

D

| H2 A FFAITAA 27| &EAIE WM E5AZ #sk SAHA BAH fFHL /i
oy 24 AHTAAM 7P & S7HeES Een lactic acid (Bih) AFHT A= 239
NxFRg Zads 232 RYukFig 6). 22 FA e Wil yFHA HFH A WA
o] foldo g 7FAa% Ao ® el tHFig. 7). o]+ Kalman So] (1998) B3 JA4
TANe} RshE dolr, Kalman 5 3 FBEAAEL] HH ol o Wiz o 2+

48 Bate] 3REade] Fun E5S BIF Yok

24k
AT &5 A, 249 AH7E AAEe] g-oxidationell st A FHE FUMAIHE
Burh ok 71& AFELS 24 AFHo| #g AN o] Fojx glom, 1FEF
gt &3 += BRud v gldlernz, B AFdMs 34T 5 Al 24He] gk fstd
ARE Y stk AdFodAE AFY 50l ofd IZE &5& AAFASAE ET3t
I XFAZe] FUkete AEE B, A Zsoleus (slow) musclelo] fojd oz THAagh A
o= mFo = 1A= 5 A 22ke] HFTF slow-to-fast= & SA3A ol o] o
of g 71de AV & 5 AAG

_88_



mg/dL

mg/dL

mg/dL

(b €F AZFF 2 257YPsY ¥4 4

A Total Cholesterol B HDL Cholesterol
120 35
*
100 30 | T
* * L
80 L 25
20 -
60
15
40
10
20 5L
0 0
C LDL Cholesterol Triglyceride
80 100
*
80
60
60
T
40 *
L 40
20 |
20
0 0
NEFA
E Glucose 700
600
600
500 T
L 500
400
400
300
300
200 200
100 100
1] ]
con Acetic Pyruvic Lactic con Acetic Pyruvic Lactic
acid acid acid acid acid acid

Bake] HAY @

HED eEe AT A ¥F AT

ZY2HE9 A W FA

s} [e)

= 1 —_—

2 Z83t= ASE AIRHY 24k AS 8F AHdE FHZA IFo] gle A=
o

aH Y 24F AFHTY 89 (glucose) ol IA AT ASZ m|Fo] Kol 24 AFH7)
o8 38 3 22029 glucose uptakeES =9} glucose £4& dolFo] LE58 =3
of JFS MAE= AoE AR YR Fushimi® Sato= (2005) A8 &% Al acetic

[e)
acide] H#7F FA o229 glucose uptakeE F7HAA EF glucoseE TAaA7|al & =%
A 4 glycogen &S =Jo 2N EEeEHol F/HEHATL RAsH T
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Al value

5. Athrogenic Index 35 . HDL/Total cholesierol ratio
T

30

H*
%

nkd

Con Acetic Pyruvic Lactic Con Acetic Pyruvic Lactic
acid acid acid acid acid acid

Fig. 9. #714F && 24 A3 ¥, EF=E 5L AAZ A9 PXE

Athrogenic index (AD ¢ HDL/Total cholesterol ratio (HTR)S 9743} 2 da@e 23l
A F2 = AT EHA Total cholesterol® HDL cholesterols o] &3&te] th&-3 o] A
A= A
Al=(Total cholesterol - HDL cholesterol)/HDL cholesterol
HTR=(HDL cholesterol/Total cholesterol) x 100

N

Fig. 9l A& &% Al §7143% 24ke] 44371 Al9F HTR miX& G tiste] YERR A
ot 9 FB4} ALk AHF A= Control ol vl Al £X7F fold o= o
24 AT A= SR =3 HTRS Alel 4 witdle] 235 BT
Fig. 83} Fig. 9& <33l
ol Zloz AnHn v
A3E YET

22 Sl 43E U3 ALY o @6301] DA ANE B
84 2l
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Fig.10. 74

Creatininee <% AUAR &5
FHol AW HF drAHEEE,
creatinine®] X7}
nitrogen& @A thALe] end product®, %
A 4E 52 A energy sources

e

o

150 -

Creatine Kinase

Con Acetic

T
<
Urea nitrogen
T
*
x
Pyruvic Lactic
acid acid

acid

e 24 43

FobA =

ko™, urea nitrogene| H$ %=

2

= S7HHYE AS

25 W creatinined =

o
7§Tf

= 5:}\]-

o

&317] o
Zlo] dytAolty, B AFoA HZF creatinine] —’Fil
24 AF oA o F
SE Al 24 AV 9 oo bE AR
dd & + Aok

=
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Creatinine

b o*

%, Ed=Y 2358 ANT A9 ¥F 255

otk (Fig. 10). ©]
energy source® o] &3 o 24

E%%%ﬂ

4

el A creatine phosphateZ%-E A% creatineo] &
Hl g et x5, dF




@ 2% SR #E AR T H7}
PGC-1a 18 . PGC-1p

1.6 | I
14

1.2
1.0

H *

0.8
0.6 |
0.4
0.2
0.0

25, MHC | 1. MHC Iib

1.0 +

—

0.8 -

0.6 | T

0.4

0.2 |

0.0

20 - PPAR-3

15

RQ

1.0t

0.5+

— *

0.0
con Acetic  Pyruvic Lactic

acid acid acid

Fg. 11. f714F 32 34 43 F, Ed =l 58 AAT A9 &5 4 muscle type
transformation¥# genee] o3

e EJEC =™ (Baar 5, 2002; Russel 5, 2003) PGC-1 e = fast® T} slow muscledl A H
2 UdS Holw Azt HAFAA Fol o3 FA dPHET Rt Fast
muscledl 4 PGC-1¢ ¢ 3 &2 mitochondrial biogenesis¢} 4tslEAEo S AFT
I type I 247 HE&S o IR Oz 259 AFHS =920 €84 o (Lin
S, 2002).

e PPAR-§ =3} slow muscledA] iAoz & WHdS Hol:x ZAoE Hiu%H (Vianna
=, 2006) A A8 &% A (Luquet 5, 2003) & 21zte] A4 &% A (Mahoney %,
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2005) F=¥9oa €EA Atk o] PPAR-4§ 9 ¥ @& Al slow muscle 4 wz
I R= %7}/\174 2o gk AFAPE SV Ao E B

PPAR-4§ knockout @A = slow-to-fast muscle-type switcing®} &7 Myosin Heavy
Chain (MHC) 1¢] 7ZF4 ¢} MHC IIbe] =717} RuEc} oo wel PGC-1a¢ ¢ 349}
A e Ask A ZAFEY AEo] dojdtta B E AT (Schuler &, 2006).

=24 oA PGCla/ B, PPAR-6, MHC I, MHC IIb 57}A] &S &R13t Ax}, 7|dot= ot
27 slow muscle® fast muscleo| Al 22 e AHE Biow AT 11 Aol A
o gt (Fig. 1D.

7Hdel REsle AREE AFY &% Al slow ¥ fast muscledll A F7F
H PGC-1e ¢ PPAR-4 & Tdo] FoAog 7HA3 Mol

ol
rlr
S,
o
u
f
=2

MHC I3} MHC IIb+= PPAR- B/ knock-out mouse?] fast muscleol] /] MHC 2] &&d-& 7+A
5t MHC b= Z4adle A2 Rud v 9oy, B AFoA PPAR-6§ 9 Hdo] =A
it eols ETeta 7|E Bieks vidle] A3E BT

B AT 174 = F8 A 714 Foo o8] =42 W PGC-1e % PPAR-6 9 Za
£ X4 muscle type transformationel] 7FsAd S YERN A O Y, o]o #AAst= 1 ¥ie &
gened] W2 JHEF AolstA UEtgtom, MAA AFARe ol IAE FEHYUE
ATE &5 A, L5555 Mol & Aoz HriEY, slow-to-faste] && £AAS
B} fast-to-slow=9] Z$to] BV} A& AOE diFHo] 2xd=d e AFY FX4
fast-to-slow &5 SAAS THES Fo] AFE A AT
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<A2APA =D

3. 32 HEH =} I FQ {7|AY 240 AYAE &3 A= FF &

D 3 EEA 2 O F8 {7]AKR 24kl 3T3-L1 AATA X B3 AAEs B}t

-

ntru

1.2

1.0

0.8

0.4

Relativelipid accumulation

0.2

Control Acetic acid BRV
Fig. 12. 24t 9 3¢ # &4 =0 93 3T3-L1 AYE3s IA &%

» Final 24t % 05%= APAz £3to At Ay 24ty 3¢ TaEA 2 EFoA A
3

%9 UEhiT (Figl2). 38 LEA2RT B
Uehgout T AT ghel fo4 Aol A ekt
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o
[

e

4. 32 dEH X0} T F8 F7IAY 249 A7Y RN B B R FE

Ob AZF, 23FA

A 27 —=— S-Control B 27 [ - Ex-Control
—o— S-Acetic acid T ——Ex-Acetic acid
g 26 2 26 & ExBRV
2 =
£ E
& B!
5 ]
] E;
= =
< £
S S
A m
20 ! 20
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Week Week
C 57 D 187 —=s.Control
T 2 16l = S-Acetic acid I
2 = L tZZa Ex-Control
E 4 S 14| =2 Ex-Acefic acid
= I % 4 =m Ex-BRV 1
& £ 121
% 3r S Lot P=0.07
-T1] ® % *
% T = = 08} F*
2 A
El Il = 0.6} L
i E' P=0.08
041 | A%
T 1t § 7] =009
= =0z *
1] . . . . . 0.0 .y e . | fat
Control Acetic acid Control Acetic acid BRV . At o geﬂwﬂe v\sieﬂ
Sedentary Exercised vt Retr? e 10“3‘

Fig. 13. H]&% (Sedentary, S) ¥ &% (Exercised, Ex) Al &4t € 39 L&z Eor}
AFY AF (A, B, O € A=A FA O vAEs 4%

Body weight gain (HA$571%) = ASA T - 2714
Parametrial fat, A-s-5~*H A|®; Retroperitoneal fat, 2% X|%; Mesenteric fat, &3t9 A=
* Significantly different from control (*2 < 0.05, **£ < 0.0D.

o 3T LAEHNZE FA A AF, BEREAWo] ZAhNHe AFE BAAN, xdHte 793
zhol = 1= A gt Wi 24 Fof A AT 9 EREAWo] fFoHoz TFAaFH
(Fig. 13). Body weight gain (AlFe57t%) 9 HHFAGFA = iz vla A 4T
o2 BHAoY TAA FYAH HIHE AT 71U K0.050) tA& X WA= £<0.07~0.09
UEFSTE o= w243 Zolo]B R, AVl oA 3T HEA 2TF AWEHAA

of 37t Jd& A= Et
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Wb A79, @3 A, A7Y dd & H7F 5 RNA &4

=
=

80, * . .
P Z2Z1 Ex-Control —— Ex-Control Kk
= ZZ4 Ex-Acetic acid _ ——= Ex-Acetic acid
= =mm Fx BRV E'
brd =
2 60 x i E 6f
£ 3
% o
-
9 o :
0 & g 4f
E k%
: s .
20} > af
E xx
= o "
E“ Aol
0 0
0 2 4 6 8 ACC2 CPT1p TUCP2 TCP3 HSL
Week

Fig. 14. 24 9 39 2& 4% Fod o3 HFHY A+Y T &%
ACC, Acetyl CoA carboxylase; CPT1, Carnitine palmitoyl transferase; UCP, Uncoupling protein; HSL,

Hormone sensitive lipase. *Significantly different from control (*2 < 0.05).

Table 2. Hl&E R % A 24 % 39 LEYZE FAq7F BF e A ASIFA R #A =

ek
S-Control S-Acetic acid Ex-Control Ex-Acetic acid Ex-BRV
Glucose, mg/dL 38.6 £ 1.54 40.2 = 0.99 40.0 = 0.78 3517 £ 147 * 40.83 £ 0.95
Total cholesterol, mg/dL 14.8 £ 0.44 15.0 £ 1.16 135 = 0.39 9.63 = 1.43 12.83 £ 0.37
TG, IU/L 46 = 0.83 3.8 = 0.52 2.17 £ 0.28 3.00 £ 0.36 36 = 0.46
NEFA, uEg/L 107.4 + 12.89 89.4 + 3.34 110.8 + 3.06 87.25 + 871 * 110.17 + 9.49
Urea nitrogen, mg/dL 6.5 £ 0.27 6.0 + 0.04 6.15 + 0.22 418 + 0.84 * 6.37 + 0.36
Creatine kinase, IU/L 36.5 £ 5.55 36.6 £ 1.31 50.67 + 13.68 62.0 = 3.02 22.67 + 157 *
Lactate, mM 1.00 £+ 0.10 121 £ 0.12 117 = 0.15 0.94 + 0.08 128 £ 0.15

At the end of study, the animals ran for 30 min according to the training protocol and were sacrificed by Avertin
(2, 2, 2-Tribromoethanol) asphyxiation. Values represent means =+ SE (n =6). *Significantly different from control
(P < 0.09.

Treadmillol A A3 F 2] Maximum running time (MRT)e] =% % 28 A+ES Hrlsoh

ZA4F 94 38 BEA2E 8FI Fosiy 25uit MRTE Ak A3, 65725 EH MRTZF
tfzao vs] fFoldeo= Frtstat (Fig. 14A). Basehneol 0F =19 RTQ} 1A S =2
u], 8532 treadmill &#Hol| 2)3] MRT7} B+ 14w) Z7Fskdch whd, 24 2 3ck @hg

Az AL Z+z HF 1.8u), 1781 Z718kd T Treadmill &% 2% ?g-g FQ YARE
13 Ay} 24+e] Fo Al &3 NEFA$} urea nitrogeno] 9z o g ZHAston,
T Al AAEEte] Frte] wE gaEE o] FAE YERAS (Table 2). ¥HHol 3
Az FoFoA o] AFE9 HAVE FRIHA guth 3T HEAx FAFN A=
A 259 &4 R A A& creatine kinaseRt m}_i%ﬂ Hlaleo] foAo g 7ha
o (3 &, 2010, & 5 2008).
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Asto] =8 A3l CPT1p4, UCP2, UCP3, HSL mRNAS] w&do] thxo H|3| FoFHo =
Z7tetgom, AWl F9 mRNASQl ACC29] o] oA o g 7kastgtt (Fig. 14B).
9 AFJEZ b]Fo] Hol £% A A Eoy} xuAEE Z7FA]7) 3 oA o] & Ao
FEFE vA = A= 7gET
(th &5 $A44% 3449 a9 d 44 3o}
A
0 ExC 1 ®
_ == Ex-BRV
= 1.5, * Thrl™
=
: £
e o |
=
Nk E B ¢ 1
= MHCI
% 0.5+ el
=
& -
0.0 Aceti
AMPK pAMPK Thrl? UCP MHCI  MHCIDb Control ::itd“: BRV
Exercised
B C
2.0~ _
2.0 -
= S Z1sf
2 2 E
<
£% .0 T £ |
S ¥ - E L0
s - -
25 43
= < o5l s
E g E g,u.s
& &
0.0 0.0
Control  Acetic acid BRV ) Control  Acetic acid BRV
Exercised Exercised

Fig. 15. F1&% 2 &% A 24+ 2 3¢t ¢aA % B9y} AFHe =Y AMPK activation 2
TEEY #d dE e w3 ulX]‘_ ¥
AMPK, AMP-activated kinase; pAMPK, phosphorylated AMPK; UCP, Uncoupling protein; MHC, Myosin

heavy chain. *Significantly different from control (*2 < 0.05).

o A4S AE mRNA B A= A EAA A gt 3 daXxE Asta
U, AMPK activation @ Z8&A7ie chaldaso Wale sholsly] 9ste] 3
TS FUMeA T 24 2 30 waAx Fo A, AMPK activation (phosphorylatlon)o
st o, A fFolF ol & HolA| Edth (28 15A). 53] x4Fe] A oln] It
2ol AMPK activationS F7MA7]1= A2 ¢ AH5 (Kondo 5, 2009; Sakakibara
2006) ZSoAE VA= AFS UER AT AMPK activation®] A gHs] &1 317] 9
o] total AMPK®} AMPK®] activation® Q] pAMPKZ ratio® YERA Ao M= ZAko] 9
Z7lelE AdS JeEdth (Fig.15B). AMPKe] downstream target© & thermogenesisol] <]
3 A garsle] AEFE Sl UCPe] MEE 243 3¢k BE2 2] o3t ooz Z

L

-

e
— o S

X
FN LR o

A
Al
sl
=7
34

ofs E)lﬂ

(
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7betder (Fig. 15A). =3 &8 44 identification® 9% MHCI (Slow muscle fiber)2}
MHCIIb (Fast muscle fiber)2] o&-S 221 3+ Ay, Z4ko] 2oJste] slow/fast muscle2] H] &
o] T Hlsle FoHo=w FrIelFTt (Fig. 15A, C). AMPKS}l PPAR 6 = =24 ol A
+&50 2 I8 £AAAET - #H3= FoAAZ BRaFHo gkt (Narkar 5, 2008).
AAZ B AFoA X4k 93 A W) PPARG mRNAS #do] =713 AL el &
4 Ao (data not shown), o]o wet MHCI mRNA T3k F718E A& &1t

&

() AgzHdaE S T3 25 £438 97t 2 FE 71d 738

Fig 16. & A &4t Ro7} AF 9 2§ &4 A& vX= 9F

WAL AT A slow musclee] Hlgol fojHow FrF x4 Felwel 2A
< 53 muscle typingS A AR T (Fig. 16). A G| ALgH A= o
[e=]

Exercise + Acetic acid v
e ( Acetic acid )
Es. [ ucps
SREBP-1c S =
- HSL
Lipogenesis Lipolysis
Acetyl-CoA
AMP
Fatty acids l _
Fiber type transformation \AMPK activation

(Oxidative gene program)
Fig. 17. 2% A 24 Fo7t A4 tiate] F87)13d) m2= 9%
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Agarst Blool|q A aH] Skl of7E AAG L] i B

ZAko] Fofo] o]3 AMP-to-ATP Bl &9 Z7}o] w2 AMPK

ATFNME 7R 2 Aol dFH s}t glo] BERAY 2 o]
Aboll o] % AMPK act1vat1or10] 7F°1]A1 H“U}O}L]E} +559 2

OﬂLﬂXlEH/\M] 2o =w =

ste] W 7)== signallin

AT o] F7}el 2 3!
stk JPAETIE XAt 93te] AMPK activation®] Z7FS &<l
PGC-1c¢ o] T3S xHeE F2 QIAEA, ‘ZFgOﬂA 3] =% AMPK activationo] whz}h
| = o Terada & (2002) & A
o] wdo] ZAPky BuEct. Z7hE PGC-1e o 2
g mAE Aog HauEArt Calcineurin-Mef2 pathway:= &5 é*é%ﬂf&ﬂ] ¢S F
= pathwayZ ¢#HA o PGC-le = ©] Calcineurin-Mef2 pathway$] downstream
protein®. 2 R EJT (Lin &, 2002). o2 7}A PGC-1la &} <& £A4%e] Bk 28
71 e 43| o] FAARA ko, PGC-la 7} &5 $AAAS ] JIFS v = st
o A= AL EWsith mela B AFAFNA 24 R &5 WE 25
AMPK, PPAR §, PGC-1¢ 59 mRNA 2 oz w3 x-S Este MHC isoforme] H3}
A=star A F8EE 71 A7, CPT1, UCP, HSL 59 A4 Lﬁ‘r%{r%l geneo] w9l z
= 79 SV 283 dUAIE BE53 A= AlsdEY (Fig. 17). 5419 7]
of By¥ nle} o] ACC, SREBP-1c, FAS 59| AWdA#d gened] &dL A3}
A FFE PR AeE EAHY
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v 2014 124€ 31Y, = AA, Food Science and Biotechnology
o} 20159 1€¥ =% %11, Bioscience, Biotechnology and Biochemistry(SCIH)

Al 2Hd AZAAEE AF

7F 20159 ARk =8 Tl oA

Fl

- 101 -



2904 & AYZ, BHES SuaAE EFHA} 25595YS BF W2add mAe
ol
o

&, Al S3E3] ], 2007, 16, 791-802.
F8H & A, AAHzRAA E23 H9FAHdTTe 54, F=4FHT3EA, 2008, 40,
24 &, Volatile flavor compounds in commercial vinegar beverages derived from fruits, J.
Life Sci., 2011, 21, 292-299.

=34 &, Effect of persimmon-vinegar on lipid and carnitine profiles in mice, Food Sci.
Biotechnol., 2010, 19, 343-348.

Wt & AR, e Axe] Baelst el B 8 WF ALY Adel NAE &
I, w883 7], 2010, 16, 1075-1087

WS & 4w, FeAT Az Bgolrt e WFA A6 mHE ad, FFv] g3
3)=], 17, 2010, 116-126.

A. Davalos, et al., Antioxidant properties of commercial grape juices and vinegars, Food
Chem., 2005, 93, 325-330.

Q. Xu, et al., Antioxidant activity of vinegar melanoidins, Food Chem., 2007, 102, 841-849.
S. Sakanaka & Y. Ishihara, Comparison of antioxidant properties of persimmon vinegar and
some other commercial vinegars in radical-scavenging assays and on lipid oxidation in tuna

homogenates, Food Chem., 2008, 107, 739-744.

E. Ostman, et al.,, Vinegar supplementation lowers glucose and insulin responses and increases
satiety after a bread meal in healthy subjects, Eur. J. Clin. Nutr., 2005, 59, 983-988.

T. Fushimi, et al.,, The efficacy of acetic acid for glycogen repletion in rat skeletal muscle
after exercise, Int. J. Sports Med., 2002, 23, 218-222.

M. Kishi, et al., Enhancing effect of dietary vinegar on the intestinal absorption of calcium in
ovariectomized rats, Biosci. Biotechnol. Biochem., 1999, 63, 905-910.

- 102 -



C. S. Johnston, et al., A Preliminary evaluation of the safety and tolerance of medicinally
ingested vinegar in individuals with type 2 diabetes, J. Med. Food, 2008, 11, 179-183.

M. Setorki, et al.,, Acute effects of vinegar intake on some biochemical risk factors of
atherosclerosis in hypercholesterolemic rabbits, Lipids Health Dis., 2010, 9, 1-8.

A. Armentia, et al., Vinegar decreases allergenic response in lentil and egg food allergy,
Allergol. Immunopathol., 2010, 38, 74-77.

D. Kalman, et al., Effect of pyruvate supplementation on body composition and mood, Curr.
Therapeutic Res., 1998, 59, 793-802.

T. Fushimi & Y. Sato, Effect of acetic acid feeding on the circadian changes in glycogen and
metabolites of glucose and lipid in liver and skeletal muscle of rats, Brit. J. Nutr., 2005, 94,
714-719.

K. Baar, et al, Adaptations of skeletal muscle to exercise: rapid increase in the
transcriptional coactivator PGC-1, FASEB J., 2002, 16, 1879-1886.

A. P. Russell, et al.,, Endurance training in humans leads to fiber type-specific increases in
levels of peroxisome proliferator-activated receptor-y coactivator-1 and peroxisome

proliferator-activated receptor- e in skeletal muscle, Diabetes, 2003, 52, 2874-2881.

J. Lin, et al., Transcriptional co-activator PGC-1 e« drives the formation of slow-twitch muscle
fibres, Nature, 2002, 418, 797-801

S. Liquet, et al., Peroxisome proliferator-activated receptor ¢ controls muscle development
and oxidative capability, FASEB J., 2003, 17, 2299-2301.

D. J. Mahoney, et al., Analysis of global mRNA expression in human skeletal muscle during
recovery from endurance exercise, FASEB J., 2005, 19, 1498-1500.

M. Schuler, et al., PGCla expression is controlled in skeletal muscles by PPAR £, whose
ablation results in fiber-type switching, obesity, and type 2 diabetes, Cell Metab. 2006, 4,
407-414.

J. H. Kim, et al., Dietary Conjugated Linoleic Acid Increases Endurance Capacity of Mice
During Treadmill Exercise, J. Med. Food, 2010, 13, 1057-1060.

L. Wang, et al.,, The decapeptide CMS001 enhances swimming endurance in mice, Peptides,

- 103 -



2008, 29, 1176-1182.

S. Sakakibara, et al., Acetic acid activates hepatic AMPK and reduces hyperglycemia in
diabetic KK-A(y) mice, Biochem. Biophys. Res. Commun., 2006, 344, 597-604.

T. Kondo, et al.,, Acetic Acid Upregulates the Expression of Genes for Fatty Acid Oxidation
Enzymes in Liver To Suppress Body Fat Accumulation, J. Agric. Food Chem., 2009, 57,
5982-5986.

V. A. Narkar, et al., AMPK and PPAR delta Agonists are exercise mimetics, Cell, 2008, 134,
405-415.

S. Terada, et al.,, Effects of low-intensity prolonged exercise on PGC-1 mRNA expression in
rat epitrochlearis muscle, Biochem. Biophys. Res. Commun., 2002, 296, 350-354.

- 104 -



N

TAQUT,

7V}

& ol gk

3. =7t Z1EaAlel 283 e e

4 |y,




	전통발효법을 응용한 3단 발효식초에 대한공정표준화 및 건강기능성 연구
	제1세부 전통발효법을 응용한 3단 발효식초의 과학적 규명 및 표준화
	요약문
	목차
	제1장 연구 과제의 개요
	제1절 연구 개발의 목적
	제2절 연구 개발의 필요성

	제2장 국내외 기술 개발 현황
	제1절 국내외 기술 개발 현황

	제3장 연구개발수행 내용 및 결과
	제1절 전통발효법을 응용한 3단 발효식초의 과학적 규명 및 표준화
	1. 연구방법
	2. 연구결과
	가. 발효법 배양조건 확립
	나. 3단 발효 공정별 공정표준화
	다. 3단 발효식초와 표면발효식초 및 심부발효식초와의 관능 및 영양학적 비교


	제2절 3단 발효법을 이용한 막걸리 식초 제조 및 유효성 평가
	1. 연구방법
	2. 연구결과
	가. 정치(초산)발효 배양조건 확립
	나. 심부(초산)발효 배양조건 확립
	다. 발효 공정별 품질 인자 분석
	라. 3단 발효법을 이용한 막걸리 식초 개발
	마. 3단 발효 막걸리 식초와 시중에 시판되는 막걸리 식초와의 관능 및 영양학적 비교

	3. 고찰


	제4장 목표달성 및 관련분야에의 기여도
	제1절 연구개발 목표의 달성도
	제2절 관련 분야의 기술발전에의 기여도

	제5장 연구개발 성과 및 성과활용 계획
	제1절 연구개발 성과
	제2절 성과활용 계획

	제6장 연구개발과정에서 수집한 해외과학기술정보
	제1절 해외 논문
	제2절 해외 특허

	제7장 참고문헌

	제1협동 3단 발효법으로 제조된 식초의 Cross-sectional in vivo 연구
	요약문
	목차
	제1장 연구개발과제의 개요
	제1절 연구개발의 목표
	제2절 연구개발의 필요성

	제2장 국내외 기술개발 현황
	제1절 국내 현황
	제2절 국외 현황

	제3장 연구개발수행 내용 및 결과
	제1절 연구개발수행 내용
	제2절 연구개발수행 방법
	제3절 연구개발수행 결과
	<제1차년도> 1. 식초가 지방세포 분화에 미치는 영향 및 그에 따른 유전자 발현 변화 확인
	<제1차년도> 2. 식초 내 주요 유기산 성분들에 의한 비만 및 운동수행능력 개선 효능 평가
	<제2차년도> 3. 3단 발효식초와 그 주요 유기산인 초산이 지방세포 분화에 미치는 영향 확인
	<제2차년도> 4. 3단 발효식초와 그 주요 유기산인 초산의 지구력 개선 효능 평가 및 작용 기전 확인


	제4장 목표달성도 및 관련분야에의 기여
	제5장 연구개발 성과 및 성과활용 계획
	제6장 참고문헌



