


o
)
XO
-
TH
Ho

w

wK

=13
=

el WesAd 7=

3

EEREE

il
SR E

U

N

HITHIAAE A

24 [e))]

44

2007

]

~X

A

0
=
O
A
Mo

B/

B

)

R

i

00

B



I.4A

B
!

)

o

sl
]

=K

513
=

W YEAY 71

g

bs

484

"
Hr

B

2n

o. 974

ol

ol

fau

N
,ﬂ!

—

T
W)

o)
e

- 7t

14

il

<
=

]_

Q

[)
w2

<

o]
v
ofo] el A

1l

!

]

=

=

J

S

1}

3

8

bol AbA w5 bel 744

Far sl

o

1 13k o

2o A ATl A
77|

o] w7

Lo

!
=
o=

]

;_|<
O}-

z=

|

A

al

i

]_
sdolh wEbd @A7EA Aol
oju} wh) ko] 309

i

s
a=

o
T

73
=

L

15

w7

1%

H ol &5 25% AE7F &, 2, 97
M|

[e)
i

1l

R

pu

7 ¢l

A2 T A EH

o

o
oF
]
fi%e)

Ll
Nfo

w ohue Fwle] Q4w v

HH

fLE

K
HO

0

Jo

of AyF grom, A wu) A )

[e)

Hujael A

¢

1

9
yul

3

o

R

Aol A Al

EATATS

Al
2

s

5
i



A S R ARE Vherle A 5 @] AdE L vk AR dATEA e

WEAG] tF AFE AAEA GRS W opie} e ol gd Azshuel dat )
% ZgHo] X Fomz ¥ ATsNe] 9E B AP el o§4y Fuel = FF

B oRnAdAE Aude A% 58 9% A7 Nz ARA AU dels
i

Femd ue Yruae F

A7 A e YA vied B ole &3 i x el w3 A
F g A3t opAlotstao A 27k 270 8] A F-ahA| 2 LpiEo] Feat Tt

A 1A A L] SR o] YR FHet Weee Y& il

=g #Qlste] W mjHe] dFEsE AT VxRS FH] AT Ao

PR e FAR Yol s 1A d5e dHE dgadize] v, AE W v

It

2owkaek w2 FEske] 1871E Fet AZStEA W 671Evitt AgE AFH s F4
545 gt 7 HA Ao YesewErt WeuAde F4d nAe= dFgs &4
7] sty WEs2=E -70C, 20T, -10C ¥ -5C=E vsste] 12719 st A33
T olgtsty 547 w9 akstEgd s Slstlth Ee A Ee WEAl FEWEE
W AG7IE Fetel dojues WstRtE We dledy, 53 slesEe o we
FgFe wormz A WA AL sEUHS H42200)d%E, YHHAs L microwave 3l
Tog gyt dEste] F4S wustsith

A 2L wWAdze] Awe BEz sgom, oF st W BET

Acetobacter sp. SK-7¢] #}A| &3], Acetobacter sp. SK-75 o] &3t w2 x dtg

a9

EVOP-factorial design technique& ©]-83%t vjA 2 2] 244 A 9 A5 7t

e F434 52 FUsgh FARRAE B hebE FEHGPOH, AZYow

iyl



Aa(Z27DE AR vl A 2o At AlAE bl A st

V. A7 2 2 S8l A A9

Aol A Andeel he Fulde] 70T A
£ gstan F8, 784 wAE 9 A8 e 9me] Pl ©E Hols} ofF n)
ulekglth. A% 1870 ek e pH Ame] Feo] W f

9otk AW WE7Igke] AojHel upel wiAe] pHE okzolun} Fahi AL
g o9t WE 8A9AY Lgte Ane] Felel wel 4 AelE mol: oz
FAFAT agte J1Fow wY WEUAL A7kl Avtel mwe} AR A Ao 77t
Ar), dugeE 991z Ages Aol A4 e Ame F wksdrh bak
o Ass Aole] felHel AolE WAY + glAUTh ATES AAE o] 3188 e
ngew, W 6LAel mae gmel Weje] BAglel 310 ~ 31949 @ Ueh]
Atk AT vjale] A BhET FHE 4266 me%eE RO, “T0TAA 6719

3

AL A9, A wj e vl 3.0-39% HE] frEld £ v FeR I
%

Ad=em, 45 FHdd W FoHd Aol gl Aoz FAHUT. 1874L3t YEA
A i d e A el wis) 84.9%7F Hol = Aem FlE wbd A S W v e

A5 394.6 mg% (92.5%)9} 373.0 mg% (874%)7} A=
ol 71 fede Bdo] £ AL g = A F71AFS citric acid7t 7HE Bl

AZ% Q3L malic acid, formic acid, oxalic acid ¥ succinic acid®] <o & 3=} Al

24
ox
SO
==
=2 i
1o
1o,
o
o —10
ofj
N
N
>,
o
L)
(o3
a1l
[N}
Ne)
Q
[N}
=
Q
X
il
T
o
=
2,
kv
[
0e]
=
=
i
]
0,
~J
(@)
s
2
L

o
e
%)
30
)

=
AR e 1A SR A 670l 1270E Abolel MY B2 &
510] 5] 9

1
o,
e
2
T
rir
pad)
(o
t
J

[-'O

HATh e obrlkmqtd asparagineo] 7Hd wWeol &l



f
=
1
10
o
Ho
ofj

arginine® aspartic acid®] <=o]dt}. Al A3l 1

mg%E YEtHAT. a2 Yk Ao fFelopr gl 4o AE Wl AEE A%
sk A a FEaiste] A g wij ol wlE] 2w &Aool A Zow e, 1274
of A Al M= BE AT A 10% o] el &Aoo wAstA. 4ldg wjAel A5

ascorbic acid %2 62.1 £ 1.0 ppm= YEFH AT A GA7E] whE wf A 9] ascorbic acid

B
W, FASen wepys A = Aot dud el wE vu i ddade A%

<
< 99 adE AR wjde o yeut ATl wE akst e 2dAE

O

ghelgt 4

<
T

Aoles Had Ays Fil FAsEHS ST A3 Be dE] vjdo]l AA IRl
[e3]

Aol wep atstEe] foqor sk A AL & dslen vl A H

3} Akl Auldlste] BAo] gashE e U

H2 & HE2ZE €L
A= Ws AG2E=E -5C, -10C, -20C 2 -70C= &3 127147 J53t
% microwave® w4 dste] widel FAWSE It WeAGE wide fET
glucose’} 7F4 o] A& A1 maltose, fructose, sucrose?] <22 yEyth -70C

oA A il AAE el nlE} of 41%9] EAdo] A Ao FAET

rlo

712k citric acid’} 7 @k o™ malic acid , formic acid, oxalic acid % succinic acid

o Follth #AE fUabs WEel g g &40 ¥ A2 succinic acid® -5T ol

A AT A 1d Fele g mjded \lE) 50% 4 EAEH = ew FREHH. fe

ol =2FE asparagine®©] HA| o}w]=2te] 70% o] o ® JF wol FHEF I, arginine

¥} aspartic acid®] oAtk -70TCAA 1d sF AFs & F&Haf st dores A

sk w2 Hld| 65%2] &4o] H HAo g elykth Ascorbic acid &S A7)
70C

214 5
ol ol ek F48 ZaHAT -T0TAA 197 A WEude] FS WAAsh 4



= U

U feHel zol

e

(<3}
A

|

1% A3 TBAZ #4887t 2 EDAZF B% W%

3}o
=

e e

s

5}

=0
T

bahag el w

o]'{.

e
T =

el

HI3&E H

6

L
.

A 37 ol A

microwaveol] A

==
=

Gatal
s

microwave ovenol A 3%

fl& A oF 3%<1

2 microwave ovenol A 3

&l o3 &4

2o 4266 mg%u o, 3

3}
=

s

4
)

o

o

F& 5297.2 mg% 3o

g
goln =it ke 2814 mg%om,

Il
™

713k

[e]
T

HolA] eFokom,

==
o

A > microwaveol] A 3l

Els

Gl

pud

o > 8o A

&

To

fox]

AN

A 2 2 = 5-E

file)

il

-

w

-

=
[¢)

A

A7hE WAl A %

] 5ol 30%

=
K3

]

13

S

A3} Acetobacter sp. SK-72.2 T4

3
T

3
=)

0
o

vl x] F

s

ol
I

1

§|

¥

XO

AR 7
=9 02%7h FHE A AT oo

%, X

TR

fHom, 1290 Wart A9 ¢

H

8ol Autw Wizt ey

ERES

Zdell A v

A== 71%9 Ao 2 el

&



MI5& EVOP-Factorial Design Technique= O|E&t OHAlA X S XAHO XAl

=

WE 2% ethanol ¥&%= 2

il
=
N
)
X
o
D)
i
oL
ol
o
]
S
=)
X,
w
(@]
@
1o,
ofy
o>,
jato
rlo
i
kol
w
o
@
(@]
@
=
QO
=
o.
off

glucose 5%
% 6%, glucose F% 04%= A3t A HA setoll A= 7 2399 #E 5 A old9
atel error limit®th & FE| =M FA o] AAl HHxz0] ofets AL Flstal FH
A sete] AL AASATE F AA sete] AFNA FAAL A WA setoll A At=T7F 7h
F =4 U2 FH A En(HELX 27T, ethanol 3% : 5%, glucose % 0.3%)% 1L
ettt 7 WA seto] AF A
H] 2 changes in mean effet’} (-)¥3 0|3 error limit® ot & S JeEPRAA T F H A
set®] AFE HHxHo] ofyetar Adetal, F HA setol A 7HE w=& APEgE UERA
Eos (F&2% : 30T, ethanol 5% : 4%, glucose % : 0.2)S A HA setd =AMz
AAsta AS AYgsiact. BT A HA set®] A Fo| A= change in mean effect
o] kol error limit®th Fom F57F (-)9 s YetWloy, 35 % Temperature
x GCol thgk Fkel error limit® v} A yey HA A =l Hofsiivt. spArt H
ARAIANA HF 4G 6366%E set 19 TAANA YERG AmFE 54%°] v

L0%A % Hobgom 1 olake] Age wELAelea Baso] 9o AL Az

b1

23 $E T error limitEt 2 AEo] EA3ER

(i
2
o
(i
a1
N
N
By
1o
rot
12
)
i
off
ki
i3
X
N
N,
i)
2
E
.
N,
>
>
]
i
>
rot
Qo
i
rr
to
=)
>
-
N

fl
()]
()
X
il
N
X
ol
;
o
=2
X
o
o
rlo
i)
i)
Ll
T
ful
=
32
o
o
il
ofy
B~

o 3% HIPAAE A2z F- FoHd &S AA F= Adom aAddd

Aol A7kl We wMANze B4 SAe Akl Wrbwe] Frgel welste] 45



W

‘g]

<

o

2. 2324 9

K
o
o

0

il g

X
K

pud

S PCR Y ERE !

Fo] ~70Col A A%

= =
’é‘%o

A

i
o
)

el

X
ol

Al

187 74| 9]

}d oF

L
s
5|

e, 2 A e A

o
™~

i

o

o

P REUHHE A

3
il

o 4o

5
T

o]

-

2l

hul

3 v

BAE A7 o

=i}
=

Al
=2

ahe] )

g 93] el ¥ AAE B

@ A%l cpst

EEOR

ol A= i

*

= 9

Ho

2 EVOP-factorial design<

H=x

Fol =il M=

S

7] 9]

AEe] o

ERES

ANZlo R u

ol
=



SUMMARY

Chapter 1. The changes in the quality of deep—freezed green mume by the

shape of raw material

This study was conducted to identify the changes in the quality and antioxidation
activity of various shape of green mume fruit refrigerated at -70°C. The changes in
the content of moisture, soluble solid and ash by the shape of raw materials were
little. The difference in pH of mume was not found by the shape of raw materials.
However, the pH of mume refrigerated in -70C was increased with the storage time.
The L-value of mume refrigerated for 18 months was considerably dissimilar with the
shape of raw materials. When the mume was refrigerated with the original form, the
color of mume freezed for 18 months was similar with the fresh fruit. The color of
refrigerated mume fruit was verge to the red with the storage time. AT value of fresh
mume was 31.8 and it was changed to 31.0 ~ 319 after 6 months of storage
irrespective of the shape. The content of total free sugar in the fresh mume was 426.6
mg% and 3.0-3.9% of free sugar was lossed when mume was storaged at -70C for 6
months. The maintenance of free sugar was obtained when it was storaged with the
seedless type. Among the ogranic acid found in the mume fruit, the content of citric
acid was highest followed by malic acid, formic acid, oxalic acid and succinic acid.
Total ogranic acid of fresh mume was 5,297.2 mg%. When it was refrigerated at -70C
for 18 months, the 15.7-21.6% of oranic acid was missed. The most of ogranic acid
loss was occured 6-12month of storage. Among the free amino acid found in the
mume, the content of asparagine was highest followed by arginine and aspartic acid.
The total free amino acid content of fresh mume was 281.4 mg%. When the mume
was refrigerated with the original form, the loss of free amino acid was less than
seedless mume and minced mume. The the content of ascorbic acid in the fresh mume

was 62.1 + 1.0 ppm and it was decreased with the storage time regardless of the



shapes. The sensory score (color, odor and overall acceptability) evaluated by 20
trained panels was not significantly differed by the shape. The POV, TBA and EDA
value of refrigerated with the original form of mume was highes followed by the
seedless mume and minced mume. The antioxidation activity was decreased with the

storage time.

Chapter 2. The quality characteristics of green mume refrigerated at various

temperature

This study was investigated to identify the changes in the quality of mume
refrigerated for 12 months at various storage temperature (-5C, -10C, -20C and -7
0T). Among the free sugar contained in the mume, the content of glucose was highest
followed by maltose, fructose and sucrose. When it was refrigerated at -70C, the loss
of free sugar was 4.1% compared to the fresh mume. Among the organid acids, citric
acid content was highest followed by malic acid , formic acid, oxalic acid and succinic
acid. The loss of succinic acid (50% was losted after 1 years at -5C) was highest
among the organic acid. Among the free amino acids, asparagine which was more than
70% of total free amino acids was highest followed by arginine and aspartic acid. The
loss of amino acid refrigerated at -70C for 12 mont was 6.5% compared to fresh
mume. The content of ascorbic acid was rapidly decreased when storaged at -5C for
12month compared to the lower temperature (-10TC, -20C and -70C). The significant
difference of color, odor and overall acceptability, which was tested by 20 trained
panels, between the fresh mume and mume refrigerated at -70C for 12 months was
not found. On the other hand, odor of mume refrigerated at -20C, -10C and -5C was
significantly differed to the fresh mume. High antioxidation activity was achieved at

lower refrigeration temperature.

Chapter 3. quality changes of freezed maesil according to thawing methods

This study was conducted to investigate quality changes of freezed maesil according

_10_



to thawing methods. The quality of maesil thawed in microwave oven was superior to
maesil thawed in refreezing temperature and maesil thawed in room temperature. Drip
loss of maesil thawed in microwave oven was 3.2+0.2%. The total content of free
sugars of maesil was 426.6 mg%, and 3% of them was lossed during thawing in
microwave oven. The total content of organic acids was 5,297.2 mg%, and 2.5% of
them was lossed during thawing in microwave oven. The total content of free amino
acids was 2814 mg%, and 2.1%6 of them was lossed during thawing in microwave
oven. Antimicrobial activity against food poisoning bacteria of maesil was maintained
after freezing and thawing. Antioxidative activity of fresh maesil was highest followed
by maesil thawed in microwave oven, thawed in refreezing temperature (5°C) and room

temperature (25C)

Chapter 4. Acetic Acid Fermentation by Acefobacter sp. SK-7 using Maesil
Juice

This study was conducted to produce vinegar using maesil. 20 acetic acid bacteria
was isolated from several conventional vinegars. Among the isolates, a strain showed
highest acetic acid productivity was selected and identified as Acetobacter sp. SK-7.
The optimum medium of acetic acid production by Acetobacter sp. SK-7 was 30% of
maesil juice, 4% of ethanol, 0.2% ethanol and 2% of starting acidity. And the optimum
culture condition was shaking culture at 30C. The acidity of culture medium was

reached to 7.1% after 12 days fermentation.

Chapter 5. Optimization of acetic acid production by Acefobacter sp. SK-7
using Evolutionary Operation—Factorial Design Technique

This study was conducted to find out optimum condition of acetic acid by Acetobacter
sp SK-7. using Evolutionary Operation-Factorial Design Technique. The maximum

acetic acid production by Acetobacter sp SK-7 was determined by the EVOP-factorial

-11 -



technique was obtained at 30C fermentation temperature, 4% ethanol concentration and
0.2% glucose concentration. The population of S. mutans decreased from 6.110
logCFU/ml in the initial set to 4.125 logCFU/ml in the third set. The acidity at the
optimum conditions settled by EVOP-fs was 6.365, which was more than 1.0% higher

than the acidity at the central point of first set.
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A2 Ad7AEe Az R Sy

B oAgo] ASE MU A% AT Gugel £AT (FFPANA G2 20054
(49 19) F 60UAS AE FY FEPAA AHse] ARE G5
s el v, NS W uAs AE W F NN R 2AE o)

_}'\‘
A T Al 7HAe] dEE F RS -0TE a5YEe F 18 St AeHA w671

T 2332 AHA-150 wet EA st o pHE WA RSS Ade & k) o
Hato] A o3-S pH meterz FASIT A== pH S48 A 8E o] &3] o3}
oA 10mLe pH Fo] 82& HEd A224%+E 01 N NaOHe &AM #EHS F3 & citric acid
2 3hkste] FAke] EF(%)E YERUSTE 7HEA P ES wjA R E oids 4G E
A (Atago pr-100, Japan)E ©]&3}e] =A3

3. AEZA

Ao e WEwA e MEZE microwave ovenol A dlE3F wjA #EHS o 3}Eho]
Chromameter (Minolta CR 300, Japan)©. & Hunter® Lk, azt, batS =43t T3

= L =9751, a = -018 b = +1.679 e 7kl W3S ARE-shiTh

(Sigma, USA)E o} 10 g 7ehL 5T 197 BAeha o] ewatsA s A7) 91
oA oA efxt, AHsATh o A A Ax: AW 10 mL EESE FEF F

membrane filter (0.45 ym)Z 1353t o3l 5 mlol] %o]3F 59

ro
i
)
lle}
24
N
Ol
ol
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71 918 Mixed bed resin TMD-8 (Sigma, USA)E ¢k 10 g 7}star 5ColA 197F w8}

L o] 2Bk E AlASHY] HE oA el oA AlHsEATE o] HS 7HF i A7)
i 10 mL 22 483 3 membrane filter (0.45 ym)2 o ¥&tx FEFdS 243513
ok A4S 9ajA = HPLC(Young-In HPLC 930 pump, Korea)E o]&stx, 28 43L&

Rezex RNM3¥ RPM (7.8x300 mm, Phenomenex, USA), ©o]|5AL =& #5L 06
mL/min, 23 2%+ 75C, #A%7]= Shimadzu RID-6A (Yamato, Japan)E AF-&3}3th

(Table 1-1).

ANBE 242 38 3 A3 & membrane filter (045 ym)E o 33+ A& 57 mLel 2%

3mLE H7Iste] o] £ 3 uLE GC (DS 6200, Donam Systems Inc., Korea)el

FUsA T FFEH LS acetic acid, propionic acid ¥ butyric acidE AF&3t 0.1%= %

57 mL% 2% HoSOs 0.3 mLE #H7tste] o] & 3 uLE GColl FAF

ool w Zyl FHA= 10% PEG 6,000 60/80, 44 &%= 200C, #=&7] (FID) &%
=

= 220C, &9k 71A= 24 (20 mL/min), ZH255 150C=E #4138t tH(Table 1-1).

6. HIALAY FU)4 FF 4
W2 A5 200 g& 800 mLe] olerEE 8ToAA FF FE3F T oyds HgAx
AN & 25 THFTE HU7Ieke 100 mL2 483 AlE 1 mLE 5 mL test tubed &
&

o 91 gA ZAAZRAZ UGS RYMY AEE 29 A7 ] = 5 mL test tube?®

2

of ¥ AT 7)) 14% BF3 2 mLE 23 483ke] 80Tl A 303t

vy (NH)2S04 4 mLE #7F o719 CHCl; €9 2 mLE #7FsH%
=] WAz F7)xko] Zol UL CHChZES FA7IZ 233 HAS pasteur pipettedl]
TAo® YFE Yal NaSOz= 2/3 A& th, o] pipetted] AAT AS &5 By
T Hg wropxd GCE EAEH3iTh Z¥ 2 DB-FFAP (0.53 mmx30 m),
ZH 2=+ 100C (5 min)-4C/min-220C (5 min), =Y F =% 230C, #=71(FID) 2
250C, &4 71AE A4 (2 mL/min)® #2439 tH(Table 1-1).

ol
-

=
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7. 78 olu At #F 4
A8 E ofu| =2t EA1 & lithium citrate buffer® 209 343k t}S 045 pm membrane
filter® o] ¥3}a ofw] At 2EHA 7] (Bio chrom 20 amino acid analyzer, USA)Z &

A sttt (Table 1-1).

8. #5AA

Ztzke] ATl HAA R A%, oA B FEH FA o 54 AolWA % A
% AAE AAsEn Beasg] 4w Astel N4 37 Ao e 47, o
Hol g Aol ad Fee] $5e ) 209 & Awsech BEPAE 98 BARA-16)

of efste dAlskaitt.

(1) #4ksE (POV) 7F

it ErbE Al 7HA] FEE R WEske] 670191 A4S & microwave ovenoll Al 3l
3 wiAYSs FEE3 " 2A BHT, ascorbic acid Z424& W5HF 100 gol
0.02%(w/w)& #7tstel 60C 7ol Agstdx] AAHoR 1 g A HFHsto] A3

Stk A& chloroform 10 mL, acetic acid 15 mL % KI ¥3}8 1 mLE 7}sle] 18

e

AN A 5870 Fad] WA F ER4E 75 mL Arbekel ARAYT 1% AEgelg
ANeko s she] 00IN Na$0; §0% Aol Ta0w @ wrix ga4se] POV

(peroxide value)® &R tH1-17). ojul POVE v 22 Aoz A&E3t9t).

[(Tv-Bv)x0.01x1000xF]

POV (meq/kg) = R
=3

Tv : sample & Ao A4 ¥ 0.0IN NaS:03 &2 Auv]z (mL)
Bv : & AA &4 % 0.0IN NaxS:03 &9 An]

F : NasS5:05 & &7}
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(2) TBA7}

7148 He 0.1 M phosphate buffer (pH 7.0)¢} ethanolS 4:12 Z3+3F &1fol linoleic
acid® 0.03 Meo] == H7Fstdd o] 7289 25 mLel 0.1 M phosphate buffer (pH
7.0) 24 mL, 0.05%(w/v)¢] Zzt 2= mjd3E FEE5 01 mL H7kste] wgAs x4
gk & Wkg-oh 2.0 mLol 35% trichloroacetic acid 1.0 mL<} 0.75% TBA A]¢F 2.0 mLE 7}
3 thd vortex mixerZ WE3Ele] 95T &40 A 408 ok WA AT o] Whg-f
LA BZAAA acetic acid 1.0 mL, chloroform 2.0 mLE 7}ste] A &AZ1 & 3000 rpm
odlA 58 T dAEsta e 5 532 nmellA S48t TBAGE A&

WhEel FREs SHAFE UEFOE @ FREZNE Tt Lol ANHATA-18).

mlo
(A

—
&y

ol
1

TBA (%) = (A-B)/A x 100
At dlET (7 H7hEe FHEE)

B: AR ALY FHYE

(3) AA}-F % (Electron donating ability)
A2LE o] 52 Blois9 W (1-19<S W33t DPPH(1,1-diphenyl-2-picrylhydrazyl) 2+t]
Zro| digk AAFdEaE Yeiyes AR ddES S-S AEE A EEd F9

olF Alg &9o= 01 mLe 04 mM DPPH& 9 2mLE ¥

i

k=1
b 3k 5 3087 A9 dho A HExE thg spectrophotometer 517 nmoll A &3 =

Lo

e AYE 33 WESAsto et A Ade HeEAE UEYlaL, A=1E
foA HAL SAS (Statistical Analysis system) program (20)& ©]&3}4 p<0.05 &=

o 4 Duncan’s multiple range test® 7343} t}.
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Table 1-1. Specifications and operating conditions for instrumental analysis

HPLC for free sugars analysis.

Instrument
Column
Detector

Mobile phase
Flow rate
Injection volume
Range
Temperature

GC for volatile organic acid analysis.

Instrument

Detector

Oven temperature
Column material
Injector temperature
Carrier gas

Column size

GC for non-volatile organic acid analysis

Instrument

Column

Oven temperature
Detector

Injector temperature
Carrier gas
Injection volume

Amino acid analyzer

Instrument
Flow rate
Wavelength
Injection volume
Column length
Buffer solution
Temperature

Young-In HPLC 9500 system
RNM carbohydrate

Shimazu RID-6A

water

0.6 mL/min

20 pL

8x10°

75T

Simazdu GC 8A
FID

150C

10% PEG 6,000
200°C

N2(40 ml/min)

3 mmx1 m(stainless)

DS 6200(Donam systems Inc.)
DB-Waxter(0.53x30m)
60°C(1)-10C/min-220C(5)
FID

230C

N2(2 mL/min)

2 ul

Bio chrom 20 amino acid analyzer
Buffer 35 mL/hr, ninhydrin 25 mé/hr
440 nm, 570 nm
20 pL

4.6 mmx250 mm
pH3.2-pH4.25-pH6.45, sodium citrate
35T-74T-80TC-37TC
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Table 1-2. Changes in chemical composition of frozen mume fruits

Chemical Unfreezed Mume

composition (%) mume 6 12 18
Moisture 91.240.2 91.2:0.2 91.140.2 91.140.2
Soluble solids 6.00.1 5920.1 59+0.1 59+0.1
Ash 0.6£0.0 060.0 0.60.0 0.6+0.0
Chemical Unfreezed Seedless mume
composition (%) mume 6 12 18
Moisture 91.2+0.2 91.1+0.2 91.1+0.2 91.0+0.2
Soluble solids 6.0+0.1 6.0+0.1 6.0+0.1 6.0+0.1
Ash 0.6+0.0 0.6+0.0 0.6+0.0 0.6+0.0
Chemical Unfreezed Minced mume

composition (%) mume 6 12 18
Moisture 91.2+0.2 91.1+0.2 91.0+0.2 91.0+0.2
Soluble solids 6.0+0.1 6.0+0.1 6.0+0.1 6.0+0.1
Ash 0.6+0.0 0.6+0.0 0.6+0.0 0.6+0.0
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3 T I T I 3 t = T I
I, T
o 2 o 2
1 1t
0 0
Mume  Seedless Crushed Mume  Seedless Crushed
Unfreezed mume mume Unfreezed mume mume
mume Freezed mume mume Freezed mume
ife
3 e 1 T T
I
o 2
1 L
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Unfreezed mume mume
mume Freezed mume

Fig. 1-2. pH of mume fruit during freeze storage at -70C according to the
shape

A; pH of refrigerated for 6 month according to the shape, B, pH of refrigerated for 12
month according to the shape, C; pH of refrigerated for 18 month according to the

shape
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rr
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rr
2
lo
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iy

microwave ovenol A H% 3%

AE W of A ek mjde] Lk 279 £ 059 27.7 £ 072 33 Ao]& Hol= A
o= Hawqrh
aghe 349 800l A A9 +1007449) WHE AAE Aoz AAF WY a gL

-455 YERHAT 670E Eot AR wide] agt -37 ~ -454k0]9] @& el

d

M, APz wWAe) age 41, NE W AR AT A F RAG HLY aghe 7
7} 37 + 013 38 + 012 dehe] EFolul HAd AA9AEe FAT 5 AU A

F12dAger 187 d Aol = olelgh Wake] srlo] A& o] 187/hd A= NE W wfd e
A5 -35 £ 02, g WA Fg -33 £ 028 YEHATE = agts Vo B Y
A AGT7IZRol Aol whel Hak Aol A, dedHs dF iz Adst
Ag ot
bt &Ao] s = 0ollM +700= F7bsh=d AAE iAo bak2 828 HERY
AT 670 3E -T0Col A A7k vide] bk 982 el #A]le] B 82~84 Alol
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MeAge] Wamd2 Fefjol wE Aol7k 67 A o= A vERET sHA dis
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< 3148 + 025 uehlileon, A& W vida a9 22 242 3016 + 049 20.34 +
045 YeEhAAT
el Aol MEoA dAHow AT g glomz MEghe iy Ay wid
] = Atk AdHew L,a b B
AT 25 ddadz2 A4 Jderfdol A W vidat 243 videl vls) A3 v
Aol Aol Zp7be A #AAE & AAeH, AF P ARG o] A= A
=

Agshe Aol gAY Ao wan,

4, 429HE Y& Ao {IAF &F A3
947 FdegEE gy A AmAS -70CoAA 1847 WsstdaA fa3de dHFS
ZASE A3 F 27] 671€99 A= Table 1-3 ~ Table 1-5914¢ 2zt f8de

fructose, glucose, maltose % sucrose 5 47FA7} SAHHAoH Fde EHEE B
glucose”} 7}4 o] 7% ¥ %3l maltose, fructose, sucrose?] =C 2 UEFRETE Al S o
Aol A FHET TFHS 4266 mg%s WERHA LT, -70TCAA 670147 W54 7

L 98 agE WEd ae 4098 mg%, NS Wl AeE AgE wjae 4127 mg%, &

Mokl AAF WAL 4138 mg%E LhEhfol AR el ws) 30-39% S| £
g o] 9 Qo FAndon, U9m Fejo] utE K4 Aol g Ao 3

At YAz A wjHe AS 12709 YEAFT iR fod dHge
3789 mg%= AlAg wjide] s 83.8%7F FAIEH I A 18/NL7t YEA G v
3622 mg%®E A wjAo] uHla) 84.9%7F Fol Jd= Ao AT whH A= w
mj Aol A A 1270 A9 1870 Aol ZF2F 394.6 mg% (92.5%)9F 373.0 mg% (87.4%)
7V AEEY 7 frElde 2ol £ S FAT F Ak AE M & Fe A
°of A 18/MEA ] Fed FEFS 3712 mg%E Al wjHde] Hla) 87.0%7F HEHU
=3
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Fig. 1-2. L-value of mume fruit of freeze storage at -70C according to the

shape. A: mume fruit, B: seedless mume fruit, C: minced mume fruit
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Fig. 1-3. a-value of mume fruit of freeze storage at -70C according to the
shape. A: mume fruit, B: seedless mume fruit, C: minced mume fruit

L-value, B: a-value, C: b-value, D: AT (v/ (L*+a*+h?)
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Fig. 1-4. b-value of mume fruit of freeze storage at -70C according to the

shape. A: mume fruit, B: seedless mume fruit, C: minced mume fruit
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Fig. 1-5. AT (v/ (L?*+a*b? value of mume fruit of freeze storage at -70C
according to the shape. A: mume fruit, B: seedless mume fruit, C: minced mume

fruit
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Table 1-3. Changes in free sugar contents of Mume fruit during storage at -7

0C according to the shape [unit : mg%]
Chemical Unfreezed Storage time (month)
composition (%) mume 6 12 18
Fructose 57.7 55.2(95.7) 54.0(93.6) 53.6(92.9)
Glucose 229.3 218.1(95.1) 200.5(87.4) 196.4(85.7)
Maltose 89.5 86.6(96.8) 79.3(88.6) 71.2(79.6)
Sucrose 50.1 49.9(99.6) 45.1(90.0) 41.0(81.8)
Total 426.6 409.8(96.1) 378.9(88.8) 362.2(84.9)

Number in parenthesis are the per cent of amino acid compared to the control

Table 1-4. Changes in free sugar contents of seedless mume fruit during

storage at -70C according to the shape [unit : mg%]
Chemical Unfreezed Storage time (month)
composition (%) mume 6 12 18
Fructose 57.7 54.6(94.6) 54.2(93.9) 51.0(88.4)
Glucose 229.3 221.5(96.6) 214.3(93.5) 206.1(89.9)
Maltose 89.5 86.9(97.1) 82.5(92.2) 73.7(82.3)
Sucrose 50.1 49.7(99.2) 43.6(87.0) 42.2(84.2)
Total 426.6 412.7(96.7) 394.6(92.5) 373.0(87.4)

Number in parenthesis are the per cent of amino acid compared to the control
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Table 1-5. Changes in free sugar contents of minced mume fruit during storage

at -70C according to the shape [unit : mg%]
Chemical Unfreezed Storage time (month)
composition (%) mume 6 12 18
Fructose 57.7 55.7(94.8) 56.9(98.6) 50.7(87.9)
Glucose 229.3 222.6(97.1) 210.1(91.6) 203.9(88.9)
Maltose 89.5 87.1(97.3) 79.7(89.1) 75.8(84.7)
Sucrose 50.1 49.4(98.6) 42.1(84.0) 40.8(81.4)
Total 426.6 413.8(97.0) 388.8(91.1) 371.2(87.0)

Numbers in parenthesis are the per cent of amino acid compared to the control
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0CoNAM A el 3% 98 adz et a2 43643 mg%, A5 W Jeiz A

A5 e 42397 mg%, #AT] AT AL 42075 mg%E vehiel AMF v
o WS 157-216% Aol 71 £4e] el Ao FeAnch 4Gzl e F7]
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Table 1-6. Changes in organic acid contents of mume fruit during storage at

-70C [unit : mg%]
Chemical Unfreezed Storage time (month)
((:%rglposmon mume 6 12 18

Malic 2,487.6 2,202.3(96.6) 2,099.1(84.4) 2,034.7(81.8)
Citric 2,507.1 2,289.1(99.3) 2,184.3(95.4) 2,077.2(82.9)
Succinic 75.8 63.9(97.5) 64.1(84.6) 59.9(79.0)
Formic 149.0 134.2(90.1) 128.4(86.2) 121.5(81.5)
Oxalic T 74.6(96.0) 73.9(95.1) 71.0(91.4)
Total 5,297.2 5,174.1(97.7) 4549.8(87.9) 4364.3(84.3)

Each Mume was refrigerated at -70C

Numbers in parenthesis are the per cent of amino acid compared to the control
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Table 1-7. Changes in organic acid contents of seedless mume fruit during

storage at -70C [unit : mg%]
Chemical Unfreezed Storage time (month)
composition
(%) mume 6 12 18
Malic 2,487.6 2,426.1(97.5) 2,073.9(83.4) 1,997.6(80.3)
Citric 2,507.1 2,459.5(98.1) 2,107.6(84.1) 2,002.5(79.9)
Succinic 75.8 73.8(97.4) 61.5(81.1) 58.4(77.0)
Formic 149.0 137.4(92.2) 119.7(80.3) 112.8(75.7)
Oxalic 7 76.5(98.5) 70.5(90.7) 68.4(88.0)
Total 5,297.2 5,173.3(97.7) 4,433.2(83.7) 4,239.7(80.0)

Each mume was freezed at -70C

Numbers in parenthesis are the per cent of amino acid compared to the control

Table 1-8. Changes in organic acid contents of minced mume fruit during

storage at -70C [unit : mg%]
Chemicgll Unfreezed Storage time (month)
((:%I‘;lpOSlthIl mume 6 12 18
Malic 2,487.6 2,395.6(96.3) 2,057.9 1,990.1
Citric 2,507.1 2,485.1(99.1) 2,099.6 1,991.7
Succinic 75.8 73.4(96.8) 59.6 54.4
Formic 149.0 136.1(91.3) 1145 108.7
Oxalic 717 75.9(97.7) 68.7 62.6
Total 5,297.2 5,166.1(97.5) 4,400.3(83.1) 4,207.5(79.4)

Each mume was freezed at -70C

Number in parenthesis are the per cent of amino acid compared to the control
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Table 1-9. Changes in free amino acid contents of mume fruit during storage at

-70C [unit : mg%]
Chemical Unfreezed Storage time (month)
composition (%) mume 6 12 18
Aspartic acid 135 13.3(98.5) 12.6(99.3) 12.8(94.8)
Glutamic acid 79 7.5(94.9) 7.1(89.9) 6.6(83.5)
Asparagine 2124 205.6(96.8) 200.3(94.3) 176.4(83.1)
Glycine 5.1 4.6(90.2) 4.4(86.3) 4.1(80.4)
Histidine 2.5 2.2(88.0) 2.3(92.0) 1.9(76.0)
Arginine 19.3 19.3(100.0) 18.6(96.4) 17.1(88.6)
Threonine 1.9 1.7(89.5) 1.6(84.2) 1.8(94.7)
Alanine 7.7 7.2(93.5) 6.1(79.2) 6.4(83.1)
Proline 2.2 2.0(90.9) 2.0(90.9) 2.0(90.9)
Tyrsine 1.3 1.2(92.3) 1.1(84.6) 1.3(100.0)
valine 1.7 1.6(94.1) 1.5(88.2) 1.4(82.4)
Metionine 1.0 1.0(100.0) 0.9(90.0) 0.9(90.0)
Cystein 1.8 1.8(100.0) 1.9(105.6) 1.6(88.9)
Isoleucine 05 0.5(100.0) 0.6(120.0) 0.4(80.0)
Leucine 0.8 0.7(87.5) 0.7(87.5) 0.6(75.0)
Phenylalanine 14 1.2(85.7) 1.1(78.6) 1.1(78.6)
Lysine 0.4 0.4(100.0) 0.4(100.0) 0.4(100.0)
Total 281.4 271.8(96.6) 263.2(93.5) 236.8(84.2)

Number in parenthesis are the per cent of amino acid compared to the control
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Table 1-10. Changes in free amino acid contents of seedless mume fruit during

storage at -70C [unit : mg%]
Chemical Unfreezed Storage time (month)
composition (%) mume 6 12 18
Aspartic acid 13.5 13.3(98.5) 12.6(93.3) 11.8(87.4)
Glutamic acid 7.9 7.7(97.5) 7.5(94.9) 7.0(83.6)
Asparagine 212.4 210.1(98.9) 175.1(82.4) 159.9(75.3)
Glycine 5.1 4.6(90.2) 5.0(98.0) 4.7(92.2)
Histidine 2.5 2.1(84.0) 2.3(92.0) 1.9(76.0)
Arginine 19.3 19.1(99.0) 18.5(95.9) 18.6(96.4)
Threonine 1.9 1.7(89.5) 1.8(94.7) 1.6(84.2)
Alanine 7.7 7.2(93.5) 7.0(90.9) 6.5(84.4)
Proline 2.2 2.0090.9) 2.0(90.9) 2.1(95.5)
Tyrsine 1.3 1.1(84.6) 1.3(100.0) 1.2(92.3)
valine 1.7 1.5(93.8) 1.3(76.5) 1.4(82.4)
Metionine 1.0 1.0(100.0) 1.0(100.0) 1.0(100.0)
Cystein 1.8 1.7(94.4) 0.5(27.8) 10.7(594.4)
Isoleucine 0.5 0.4(80.0) 0.4(80.0) 0.3(60.0)
Leucine 0.8 0.8(100.0) 0.6(75.0) 0.8(100.0)
Phenylalanine 1.4 1.0(71.4) 1.3(92.9) 1.1(78.6)
Lysine 0.4 0.4(100.0) 0.3(75.0) 0.4(100.0)
Total 281.4 275.7(98.0) 238.5(84.6) 231.0(82.1)

Number in parenthesis are the per cent of amino acid compared to the control
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Table 1-11. Changes in free amino acid contents of minced mume fruit during

storage at -70C [unit : mg%]
Chemical Unfreezed Storage time (month)
composition (%) mume 6 12 18
Aspartic acid 13.5 13.4(99.3) 12.1(89.6) 12.0(88.9)
Glutamic acid 7.9 7.6(96.2) 7.5(94.9) 7.2(91.1)
Asparagine 212.4 209.1(98.4) 186.7(87.9) 150.9(71.0)
Glycine 5.1 4.5(88.2) 4.6(90.2) 3.9(76.5)
Histidine 2.5 2.3(92.0) 2.1(84.0) 2.2(88.0)
Arginine 19.3 19.5(101.0) 18.7(96.9) 15.9(82.4)
Threonine 1.9 1.7(89.5) 1.7(89.5) 1.5(78.9)
Alanine 7.7 7.0(90.9) 7.2(93.5) 7.2(93.5)
Proline 2.2 2.0090.9) 2.3(104.5) 2.1(95.5)
Tyrsine 1.3 1.1(84.6) 1.0(76.9) 1.1(84.6)
valine 1.7 1.6(94.1) 1.4(82.4) 1.3(76.5)
Metionine 1.0 1.0(100.0) 1.0(100.0) 0.9(90.0)
Cystein 1.8 1.8(100.0) 1.6(88.9) 1.7(94.4)
Isoleucine 0.5 0.5(100.0) 0.4(80.0) 0.3(60.0)
Leucine 0.8 0.8(100.0) 0.6(75.0) 0.7(87.5)
Phenylalanine 1.4 1.1(78.6) 1.1(78.6) 0.9(64.3)
Lysine 0.4 0.4(100.0) 0.3(75.0) 0.3(75.0)
Total 281.4 275.4(97.9) 250.3(89.0) 210.1(74.7)

Number in parenthesis are the per cent of amino acid compared to the control
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Fig. 1-6. Changes in the content of ascorbic acid of mume fruit during storage
at -70C according to the shape

A; The origininal form of mume, B; seedless mume, C; minced mume
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Table 1-12. Sensory evaluation of mume fruit during storage at —-70C according

to the shape

Unfreezed Storage time (month)
Sensory score
mume 6 12 18
Color 6.3+1.2° 5.6+1.0°% 5.3+1.1° 5.2+0.9°
Odor 6.7+1.2° 5.9+0.7° 5.5+0.7° 5.5+1.0°
Overall 6.4+1.3° 5.7+0.8 5.8+0.8° 5.4+0.7°

1) 9: like extremely, 1: unlike extremely

2) ab: different letters within the same row indicate significant difference (p<0.05)
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Table 1-13. Sensory evaluation of seedless mume fruit during storage at -70C

according to the shape

Unfreezed Storage time (month)
Sensory score
mume 6 12 18
Color 6.3+1.2* 5.8+0.7 5.6+0.5" 5.4+1.0°
Odor 6.7+1.2* 6.1+0.9% 5.8+1.0% 51+0.6"
Overall 6.4+1.3" 5.7+0.7 5.6+0.8" 55+1.1°%

1) 9: like extremely, 1: unlike extremely

2) ab: different letters within the same row indicate significant difference (p<0.05)

Table 1-14. Sensory evaluation of minced mume fruit during storage at -70C

according to the shape

Unfreezed Storage time (month)
Sensory score
mume 6 12 18
Color 6.3+1.2° 59+1.1° 5.9+0.6° 5.6+0.9°
Odor 6.7+1.2° 5.8+0.8% 5.7+0.8% 5.3+0.7°
Overall 6.4+1.3° 5.6%0.9° 5.7+0.6° 5.5+0.9°

1) 9: like extremely, 1: unlike extremely

2) ab: different letters within the same row indicate significant difference (p<0.05)
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Fig. 1-7. Peroxide values in soybean oil substrates containing Mume fruit
extracts and other antioxidants during storage at 60C. @-@ : Control, O-0O
fresh mume fruit, ¥-V¥ : Mume refrigerated at -70C for 6 months, V-V : Mume
refrigerated at —70C for 12 months, -l : Mume refrigerated at -70C for 18 months,
[(1-[] : BHT, -9 : ascorbic acid

A; The origininal form of mume, B; seedless mume, C; minced mume
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A 2 F AL A= R By

A 3 F AFANEY 2= R 22

1. 45 AZ2=d & ¥35 Jde pHE S

Ao Wi AgL=E 5T, 10T, -20C 2 -70C= ggste] 120147 ¥53 &
microwave® w4 d%3ste] pHE XA A3 Fig. 2-1914¢ 2o Wsewrh e

T35 pHe| W= A2 ZAow gelyglon, 70T Adst= 23 -20C % -10

S
T
A AREE RS B AN SAF A% 1dAAe] Wl 5% A 5wl A fo1

9 Aozt g AoE FANY ¥ ATE o] £3F71% HAo £97102 wel
ahel 19 Bt WEALY AE AN, 20 Fo Wkl gatel o Za7]7) o)
$ PEAT. = B ATARNA 99 Aol e GRAT £He) Holt

Watm g mjAe] WEAGeEEE -70CAA Adats Aol /Mg Feld Aoz ddyn,

HlgAl SHS sttt -20Co|atellAl Adats Aol wgAd ow AtmEtt
A= A 19 Fo= pHEkol 34 + 022 YEhY AAsE mjdy -7

0ColA A7dsk mjae] pH (29 £ 0.Del Hl&| 054 s ZA3EsE vedo] d5 4749

LE2E A%eA &S FAT & Ak

2. 35 AF &= wE YT HvAde MW

Aujde] WE AF2EE 5T, -10TC, -20C 2 -70C=2 <zste] 127043 Wysd &

microwave® w4 dlEste] MEWSE FASE A= Fig. 2-20049F 2ok 2143 w4

o] Lk 302 £ 0.1% YEebstom, -70CoA A4 mjade] Lk 30.0 £ 022 e 1

A7k At Lakol s & Wb fles S0 5 Ak AR 1 o] &%

2Rl 45E % Lgtol f94S dobgor, -10T% 5CAA A3 % Lt
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& 77} 269 £ 077 263 + 0602 AAE widas AR AFolE B a we] Av
AR M 45 £ 01 JERen, -70TlA A3 vjde 42 + 022 A%
A= FAHA Aolzk ALk AR -20T, -10C 2 5TelM A3 vjde 747
-35 £ 02, -1.9 £ 05 3 02 £ 055 Yete] e mjdsts 4dd AelE Bk b

—

whel A= -70TAA AR wide ANE vfade] bitah eA el <kel oy 1
ele] Eel= AA mokds AT ¢ AT L, a, bits EF e AT#HS A4

gk ujAde] 31.8 + 01011 em, ~70TCA Aek wid 316 + 022 YER o)Al =

ol7} AATH SHAIRE —20TC el A A7de mjA o] AT#2 30.0 + 0328 F4Q1 Ao]& K

Hom, AFeErt Fold 4 F 1 Aol= WESHA Ve

mEtA, MEg vleoR dadd w -70CoAA AT Ag Al wjda Ao o)t
A

=& dAem, 20TeAN AFd A= G vl njs] oFzt ofF

4. YF5AY 2o BE ¥F I FF FF W

Hujde ye AZLE=E 5T, -10T, -20C & -70C=Z &3] 1271€3F J53 &
microwave® w<& s Este] freld ko] WEtE A A= Table 2-10A4 9 o}
#2832 fructose, glucose, maltose ¥ sucrose 5 471417} A AW, 2T FH
WE2 B glucose’l 2072 ~ 2306 mg®%®E 7 Zo] HAEHS I maltose (65.7 ~ 89.5
mg%), fructose(48.7 ~ 57.7 mg%), sucrose (40.1 ~ 50.1 mg%)e o= et AA
s v Ae F AElY TS 4266 mg%Es HERHSH, -70TAA Mg wj A
409.3 mg%= 4143k wido] uwla) of 41%¢] &Aool WA Zow 1EATE 20Tl
A AE el F FEd ke 3966 mg%E AlAE wjAe] oF 93% Hmrt gHpE
of o, -10CaA Axgk wjde AlMdeh wjdo] w3 87.3% 4% o] AATH
-5CAA AAFg mde] HS 3722 mg% (Adg mide] 87.2%)= -10TeolA A7t i
A v vlzgk FEE RS UEiS Il ¢ e, 53] glucose] FHEFol
2156 mgk® Q3] AlAg wid nls @ol AEHS FAT F AT o= 0T o]t
oA A Zhed mAES e 9T A JhsAS AT F glow, FF oo

A7 198 et 9e Ao Bewh
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5, 354 Lxd mE Y5 AwAY §F74 §F wst
Ao W AFEEE 5T, 10T, -20C 2 -70C= 22ste] 127047 ¥53 %
microwave® w& 3Edte] f7|4k ko] WEE XAbeh A= Table 2-20 419 2t
47128 malic acid, citric acid, succinic acid, formic acid @ oxalic acid 5 7}A7} A
EH o, F frIstke] FEE 40633 ~ 45498 mg%E A mjdel Wl 767 ~
80.9%H = T

Aoz Yyehytth Fr7iAke]l FRYEE W) citric acid’b 2,023.8 ~

2,184.3mg% = 7} %ol A& U™, malic acid (1,841.2 ~ 2,099.1 mg%), formic acid

)

(928 ~ 1284 mg%) oxalic acid (60.1 ~ 739 mg%) % succinic acid (454 ~ 64.1
mg%)2] ol Atk
EAE fF71AE WEed 9dl g E4do] W A2 succinic acid® -5TCelA A et
B 1d Fol= A mjde nlsf 50%4 EAHE Aom AT 1 9] o {74t
= ¥

=)
“70CAA A A9 54-157%8% EAHJ o, 5T AFE 45 193 ~
s

o

491% 4% E45 = Aoz eyt Ao mE frake] 4L 2 v
5 E4dol A Aow veht wide FARE nEdnd 70T Ast= Aol 7t
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T b
3 L I °
L2

1 L
0

-5 -10 -20 -70

Refrizeration temperature (OC)

Fig. 2-1. pH of the frozen mume fruit by the refrigeration temperature.

Mume fruit was preserved for 12 months in the Refrigerator in which temperature was
diversified to -5, -10, -20 and -70C.

The pH of fresh mume was 2.91+0.1

_57_



40 10

30 5
(0] = = [}
= 3 .
T 20 S 0 =
= z
£ g ]
10 5t
-10 : : : : :
0 Fresh .70 -20 -10 -5 Fresh -70 -20 -10 5
mume mume
The Storage temperature (°C) The Storage temperature (°C)
“lc "D
10 T I
- s . 30 = -
o 8] [
=
© 20
:° <
<y
10
2
0 Feh 70 20 -10 5 O Fesh 70 20 10 =5
mume mume
The Storage temperature (°C) The Storage temperature (°C)

Fig. 2-2. Color of the mume fruit by the refrigeration temperature

A: L-value, B: a-value, C: b-value, D: AT (+/ (L*+a*+b?)
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Table 2-1. Free sugar contents of frozen mume fruit by the refrigeration

temperature [unit : mg%]
Chemical Fresh Refrigeration temperature (C)
composition (%) mume 5 10 —20 70
Fructose 57.7 50.8(88.1) 48.7(84.4) 54.7(94.8) 54.0(93.6)
Glucose 229.3 230.6(100.6) 207.2(90.4) 211.8(92.4) 200.5(87.4)
Maltose 89.5 65.7(73.4) 69.3(77.4) 80.6(90.1) 79.3(88.6)
Sucrose 50.1 40.1(80.1) 47.2(94.2) 49.5(98.8) 45.1(90.0)
Total 426.6 387.2(90.8)  372.4(87.3)  396.6(93.0) 378.9(88.8)

Number in parenthesis are the per cent of free sugar compared to the control (fresh

mume)

Table 2-2. Changes in organic acid contents of mume fruit during storage at

-70C [unit : mg%]
Chemical Fresh Refrigeration temperature (C)
((:%I;lpOSltlon mume -5 -10 -20 =70

Malic 2,487.6 1,841.2(74.0)  1,955.7(78.6)  2,012.5(80.9) 2,099.1(84.3)
Citric 2,507.1 2,023.8(80.7)  2,101.3(83.8)  2,103.6(83.9) 2,184.3(87.1)
Succinic 75.8 45.4(50.9) 53.6(70.7) 58.0(76.5) 64.1(84.6)
Formic 149.0 92.8(62.3) 112.1(75.2) 125.9(89.5) 128.4(86.2)
Oxalic 77 60.1(77.3) 68.3(87.9) 69.9(90.7) 73.9(95.1)
Total 5,297.2 4063.3(76.7)  4291.0(81.0)  4369.9(82.5)  4549.8(85.9)

Number in parenthesis are the per cent of organic acid content compared to the control

(fresh mume)
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6. 54 25 mE WF FuAdY Feotn| it FF W
Aujde] ¥F AFLEE -5C, 10T, -20C 2 -70C=2 23t 1271€3F Yss &
microwave® % d&ato] {74 T WstE AR A= Table 2-30 49 2t
Frefobr mAb2 aspartic aicdE Wkl F 17Fo] AEHAeH, o IgpEE w9
asparagine®] 163.9-200.3 mg% = 7} %ol AZET 3L, arginined} aspartic acid®] <2
2 @wo] gfHo] g Ao g alwArt. AsparagineS A A ofn :=Ako] 70% o] A4S X
A8kt

2 e F fElobr] ke 2814 mg% A ow, -70TCAA 19 &
ol st Aol A= 2632 mg%E AAg wjAd] HlE) 65%9 Ao WA
Epwkrt R -20TolA 1dset A8 49 Feopn=qtke] 100%7F E4d%= A
Bikom, -10CT¢ 5T A A= 2h2h 13.7%%F 226%9] frefobr=ike] &4
o] A= Ao R AT
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7. ¥FAF 2= BE BT HvA 9 ascorbic acid ¥ F ¥}

Hujde ye AZLE=E 5T, -10T, -20C & -70C=Z &3] 1271€3F J53 &
microwave® H% 53] ascorbic acid®] % WIS FAE A= Fig. 2-391 4 <
2ok A3 wjA e 49 ascorbic acid S 621 + 1.0 ppm= YERAAT A=
& wjAd €] ascorbic acid S AGLETF Eobged wep §A43%] AATE AT
AAJTE F 70T 13d7F A3 w29 ascorbic acid $H#& 567 + 1.5 ppmo.& Al
gk wj o] ws] 87%<2 &4lo] WAy
acid T&H& 361 + 53 ppmlE A A3 uj Ao v 429%¢] &
At Vitamin C= dWHA o= -20TolA AT 45 oF 12 ~ 1871 Aol 70%74 =
7F EAEE AoR 4 Jom, B AFARAA L o2l o R YETH

2

g wbd 5TColA 1d &t A& mjA el ascorbic

o] AF Aow FlH

>

8. WFEAF 2= ME WYFs Aoy #3534 EA W3
Aujdel ¥E AgeEE 5T, -10C, -20C 2 -70C= Zgste] 1271€43 ¥sd §
microwave® F% 3]&sle] B4 EAS XASE A3 = Table. 2-40 4 ¢} 2t}

70T 193 A Yarjde] 3% wWael 472 5 L9 VoA fgas A



o} foA Aole A kgt W 20TAA AR WEuAel A5 WA A
FR7t foldew gass AL ¢ 4 Aew, 10T HCAA A4d e HE

]
5
=7b wold Wk ohel ¥4 drip losse] ol Wob FEomMe AT A3 ¢
lom SEh webd, 1 B WEAY £ WERE

B2 E -T0TCodAM slojor & Aoz HTEFHW FF TTT.(Time Temperature
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Table 2-3. Changes in free amino acid contents of mume fruit during storage at

-70C [unit : mg%]
. C?r;lgg;iﬁ?clm Unfreezed Refrigeration temperature (TC)

(%) mume 5 -10 -20 ~70
Aspartic acid 135 10.0(74.1) 11.9(88.1) 12.1(89.6) 12.6(93.3)
Glutamic acid 79 6.3(79.7) 6.7(84.8) 7.5(94.9) 7.1(89.9)
Asparagine 2124 163.9(77.2) 187.5(88.3) 190.8(89.8) 200.3(94.3)
Glycine 5.1 4.0(78.4) 45(88.2) 4.2(82.4) 4.4(86.3)
Histidine 25 2.0(80.0) 2.0(80.0) 2.0(80.0) 2.3(92.0)
Arginine 19.3 15.4(79.8) 15.9(82.4) 18.1(93.8) 18.6(96.4)
Threonine 19 1.5(78.9) 1.6(84.2) 1.8(94.7) 1.6(84.2)
Alanine 77 6.2(80.5) 6.1(79.2) 6.3(81.8) 6.1(79.2)
Proline 2.2 1.8(81.8) 1.9(86.4) 2.0(90.9) 2.0(90.9)
Tyrsine 1.3 1.0(76.9) 1.1(84.6) 1.1(84.6) 1.1(84.6)
valine 1.7 1.4(82.4) 1.4(82.4) 1.6(94.1) 1.5(88.2)
Metionine 1.0 0.8(80.0) 0.9(90.0) 1.0(100.0) 0.9(90.0)
Cystein 1.8 1.4(62.5) 1.5(83.3) 1.7(94.4) 1.9(105.6)
Isoleucine 05 0.4(80.0) 0.4(80.0) 0.5(100.0) 0.6(120.0)
Leucine 0.8 0.6(62.5) 0.7(87.5) 0.8(100.0) 0.7(87.5)
Phenylalanine 14 1.1(78.6) 1.2(85.7) 1.3(92.9) 1.1(78.6)
Lysine 04 0.3(75.0) 0.3(75.0) 0.4(100.0) 0.4(100.0)
Total 281.4 217.9(77.4) 245.6(87.3) 253.2(90.0) 263.2(93.5)

Number in parenthesis are the per cent of amino acid compared to the control

(unfreezed mume)
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Fig. 2-3. Changes in the content of ascorbic acid of mume fruits which were

storaged for one year at various temperature

Table 2-4. Sensory evaluation of mume fruit mume fruits which were storaged

for one year at various temperature

Refrigeration temperature (C)

Sensory Unfreezed
score mume -5 -10 -20 =70
Color 6.3+1.2" 3.0£0.9° 4.30.8™ 5.020.7° 5.3+1.1°%
Odor 6.7+1.2* 2.520.6° 41207 5105 55207
Overall 6.4+1.3" 3.0£0.8° 4.4+0.6" 5.3£0.9°" 5.8+0.8"

1) 9: like extremely, 1: unlike extremely

2) ab: different letters within the same row indicate significant difference (p<0.05)
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& &aA - Edlste s A8S FoEM AATATe IkstE e AR ol gHth A
ZFols =L DPPH (1,1-diphenyl-2-picryl hydrazyl) @tz A2AH o2 ZAHE=H|
DPPHi= ##Hd radicale $H7r38le] 2 free radicalE 2 ZA§3te] <+ 3 complexs
53 o] FAakstdgol e =43 vy gofzte] AAEW ojwje] DPPH Lo *
Walo] glolx= o] Qi o] MAE 517 nme| FHEA BA el HAFolE
2 Zgsgn A4 A, AFLEE 70T, 20T, 10T % 5T 247 gete] 1

micorwave ovenoll A F<% 3% 3 w4 ascorbic acid ¥ BHTY ==z}

50

K
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TBA value (%)
N
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acid mume

Refrigeration temperature (°C)

Fig. 2-4. TBA value of linoleic acid containing mume fruits which were

storaged for one year at various temperature
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Fig. 2-5. Peroxide values in soybean oil substrates containing mume fruits
extracts refrigerated various temperature and other antioxidants during storage
at 60C. @-@ : Control, O-0O : fresh mume fruit, ¥-V¥ : mume freezed at -70C, v
-V  mume freezed at -20C, Ill-M : mume freezed at -10C, [J-[] : mume freezed at
5T, -€ : BHT, &O- : ascorbic acid
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Fig. 2-6. Electron donating ability of mume fruits which were storaged for one

year at various temperature
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A3E Yl Aerie NE

A1 AALe 2= A4

] A U (Prunus mume Siebold. et Zuccarini)¥ ¥ #(Rosaceae)d] £3sl+= YA E
oM, Fo] 5 m SHelal Z JHAl= HAel "ol i o] QIrh3-1). Y,
o 2 v Aol A AtE s AR 1-39 Ao o] ya dufE 2ol 6
4 4 AvzA FSEnG-2). Etue] A A Wkl A Ve AEow o
Al 2o EA Q] wiEok R g dHA vk v o] B3 dyRE vt AR
upoll tjal] HFEAde] Ai(3-3), AuMFEEC] FHEAHES AL Q2w (3-4), 1HF el

il

3] 541 7] 31(3-5), &

il

ol B4 (3-6)0] itk Hart gtk dela WARRE f7

>

Aol succinic acid, citric acid, malic acid, tartaric acid (3-7)¢} flavonoid¢! naringenin %
3-8)¥} amylalcohol®] 2] RuERom, AF7H4] deA v 235, FFE8 AL

A, =, FEgdd SG-9I 22 wAde] Vede i

’

—~

o|\

Aolth, dEolM = vidS A2 Fe]

(s
filo
(A}

ghrhal B 5 9l
A w g, A7) A Ak AR 5 7bE AF o R JuE e @dbo]l AuE AL 9o

&
th(3-11).

AW mjAdS o2 e wE] Fge] wEan 53 &
7] wjZel 8 F 2~3Y oo B MAfo] FAow
of ZtFFOR ARGV FAFSER wjde] AFAFES MAAT LA St AFE L
ZFA7F mg- Aga & S Qnh B Aol Aujde AFEs sy 98 Ao 4

oz Hujde syl mE FENGE AT

Al ARER mid e AR daT ddsol 2AF (F)EFA Tl AakE 2005



da AvjdS A AFsk] ARE AREsdn. AT A2 A FAR F

Nylon/PE(polyethylene) film ¥3-A & ¥%slo] AL-E31

2. 98 ¥9d w4 A=

48 A dee= A wAS $A 3 ¥ Nylon/PE(polyethylene) film E3A 2 ¥ #-s}
of At AE W A8 A AES FAE F AE Sl v e TR
Zste] Aot AP AV ES MAS gl FAsta AE W 5 2
7] (CM-3000, Chaming-Art Ltd., Korea)® E#slglen & A2 T34
-5, 20 ¥ -70Ce AAstATt 5T AT Ame 309 HAo=2 6714 C
Aol AEE 609 HFoR 12719, 70T AT Ase 90d 4w 18MY F

F AgFAN EAEHL 249

3. ¥F W9 A=Fre ¥

AFFE ] AaS Aol FAF $ Nylon/PE(polyethylene) film 72 = 3743}
-20C e AgarelA WEAgstdn. dee mAe] FAF 2%7F 5T =Esisls u
s gnstdlon, WA E 5T WALdA, A2alse 25T Aol WAsksl
© ™ microwave oven (RE-5718 Samsung, Korea) &2 2450 MHz F3t+9
microwave ovens ©]-&3Ath ==L wid AEC] 7EEE FA

i=]
n
thermocouple (PC-2200, Sato Keiryoki, Japan)S At¢lsle] 22 =43 L df5S <&

T 2322 AHMEG-12)0 wEt Z4skio pHeE wA S-S A § vk, o
Hete] @2 ofaels pH meterz S48t A== pH S48 A RE ol&dto] o3}

2 3kste] F4ke] (%2 YERSITE 7HEA PR v S P s s dEE
A (Atago pr-100, Japan)& ©| &3} =43}
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5 pHY &7
pHE A& 10 gol 100 g FH<

g Agatel 2439

i

Y3 homogenizerz 23t w2 3}et & pH meter

6. Az B

X

A %= Chromameter CR 300 (Minolta, Japan)2. 2 27 5 cm®] petri dishel|l paste’d <o

2 9= A 8EE Y3 Hunterd L%, adk, bt =AY TS L = 9751, a =
-0.18, b = +1.679] #S 7Fx WS ALE-3F T

7. Drip loss A

A 0 mLe] &2 8TAA 37
3 T oBE o ol PAUZAN F zes R4S F74S] 100 mLE
KeR

I Fol EAS AAS7] $#13 mixed bed resin TMD-8

A elA ol#, AMAaAT of A 7} Wx AL 10 mL 2esE AL ¥

membrane filter (0.45 pm)E o Z3stHth A 5 mlol| o]y Lo]& EAS A AT
1

3 o] L BFAE A AT flEl oA Al o, A FHSEAT o] HS 7S A Al
2 10 mL 252 A3 ¥ membrane filter (045 y1m)&2 o ¥st1 {2 A5
ok BA4S 9jajA = HPLC(Young-In HPLC 930 pump, Korea)E o]&3slx, 28 Z4H&

Rezex RNM3¥ RPM (7.8x300 mm, Phenomenex, USA), °o|5AL =& #5L 06

mlL/min, Z¥ €x%E 75T, #A%&7]E Shimadzu RID-6A (Yamato, Japan)E A}-& 391t}

9. Iy 714 FF B4
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ANBE 242 38 3A3 & membrane filter (045 ym)E o 33+ A& 5.7 mLel 2%

3 mLE H7Iste] o] €9 3 uLE GC (DS 6200, Donam Systems Inc., Korea)®l

FUsA . FFEH LS acetic acid, propionic acid ¥ butyric acidE AFE3t2 0.1%= %

57 mL%}t 2% HoSOs 0.3 mLE #H7tste] o] & 3 uLE GColl FAF

ool W Zyl FHA= 10% PEG 6,000 60/80, 44 &%= 200C, #=&7] (FID) &%
& 150CE BAs

ol

i

= 220C, &9 71A= d4 (20 mL/min), ZH &

10. 913 LAY F714F FF £4
A AJEE 200 g2 800 mLe A EFEE 85T A 3F FE3 T oJidS et

N & 285 Z2FTE FA7se] 100 mLE A3 A8 1 mLE 5 mL test tubed <

e

7ol B oA A AFEA7 e RN AEE 29 A8 1 mLE 5 mL test tubed
F7lel B A AZAIAT o] 7)ol 14% BF; 2 mLE Y D83t 80ColA 30&7F vt

SAIZ & WZhskal (NHy)eSOs 4 mLE H7F of7]el CHCl3 &9 2 mLE H7betich. st

o] xol U}& CHChES FA7]E AMFHE A4S, pasteur pipetteo] H]

ol
=2
=2
1
S
i,
Ho
N
2

SO TS T NaSOs2 2/3 A& th, ©] pipetteel] AT As &2 B +2
S AAstaL, 33 A4S ol GCE EA st ZEl& DB-FFAP (0.53 mmx30 m),
Ze 25X+ 100C (5 min)-4C/min-220C (5 min), Y57 =% 230C, A=7|(FID) &
250C, &8 71AE A4 (2 mL/min)2 433

rﬂd
ol
ot
M
o

11. 9 olrlx=4
A BE oln A A& lithium citrate buffer® 20¥] 343k 1S 0.45 ym membrane
filter® o3t ofw| =2k 2EEX7](Bio chrom 20 amino acid analyzer, USA)Z 1]

¥

12. #5734
Zzke] Ael el AN A7, oA L FFH FA dsl 54 AAA @ EE
AAE ANSAT BERAde ARe slstel WA 37 AAbgoR wae A%, o3

of gk Aol ol -3k Hd 209 A BedA= 9% BAHA3)
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ol sl WAL,

13. &2 &4

1)

AFTE 7L ST HI 2N BUS WS Enterobacter aerogenes KCCM 12177(0]

=
o(;tl_.T

M

3} E. aerogenes), Escherichia coli KCCM 11234(°]&} E. coli), Pseudomonas aeruginosa
KCCM 11328(¢]&} P. aeruginosa), Vibrio parahaemolyticus KCCM 11965(¢]3} V.
parahaemolyticus), Salmonella typhimurium KCTC 1925(¢]3s} S. typhimurium), Bacillus
cereus KCTC 1012(¢]3} B. cereus), Clostridium perfringenes KCCM 12098(°]3} C.
perfringenes), Staphylococcus aureus KCTC 1928(¢]8} S. aureus)S AFE3FR o v

%748 Table 3-13 2t}

Table 3-1. List of strains and cultivation conditions for antibacterial activity

against pathogenic bacteria

Strains Cultivation condition

Tryi dia, 37C
Escherichia coli KCCM 11234 FYICase soy media, o,
Facultatively anaerobic

Pseudomonas aeruginosa KCCM 11328 Nutrient media, 37C, Aerobic

Tryi dia, 37C,
Salmonella typhimurium KCTC 1925 ry1cas§ Sy tedia .
Facultatively anaerobic

Listeri Tryicase soy media, 37C,
isteria sp. ] )
P Facultatively anaerobic

Bacillus cereus KCTC 1012 Nutrient media, 37°C, Aerobic

Brain Heart Infusi dia, 377C,
Clostridium perfringenes KCCM 12098 ram Heart fniusion media
Anaerobic

Nutrient dia, 37C, Facultativel
Staphylococcus aureus KCTC 1928 b r1en' media acuitatively
anaerobic
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A= Ss Gk fAs ZAE5ste] 22A%3 b8 o2 Tryptic soy broth (TSB)el

W 7+ AW #FE FiE TSBo| gl 105

FTotol 2t wtFo HA ARz 48A3F Foh v A 1243t A ew AdsE

01

SA3sG T ATy - AIEE 109 SA s He mE sk F trptic soy agar

(TSA) B A o] EFEFato] 30CeIA 244847 WFd F A48 Aol 8 34

14. dzEE 4438 54

(1) #2kst&= (POV) 74

WikstErte WAAAW e, 42 e, viola® dlojB o2 Ao dE 5 Al 7HA
Z0 A e RS FE2E3 v =4 BHT, ascorbic acid 422 t5# 100 g
o 0.02%(w/w)E F7Fstel 60T 270 At AAHem 1 g A FFH sk 4
skttt A&l chloroform 10 mL, acetic acid 15 mL % KI 2389 1 mLE 7}sto] 1&

B ARAIA SR fhaol WAAZ F FRFE 75 mL HUbeke] IRATIAL 1% AEE

ol

a5 AAFo R stef 0.0IN NapS:03 &He = Fdae] Faow 9 wrpx] A7 sto
POV (peroxide value)® 3} th(14). oW POVE t&3 22 2oz AE3

a [(Tv-Bv)x0.01x1000xF]
POV (meq/kg) = N

Tv : sample Z Ao AH]" 0.0IN NaS:03 &9 Auv]z (mL)
v i FH A& A2HE 0.0IN NasS:03 fHe] Aw)
F : NaxS:03 &9 47}

(2) TBA7}
71AgHE 0.1 M phosphate buffer (pH 7.0)¢} ethanolS 4:12 Z3+3F &1l linoleic
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acidZ 0.03 Meo] == H7lstdrch o] 71dgH 25 mLe] 0.1 M phosphate buffer (pH

[e)
HE A

7.0) 24 mL, 0.05%(w/v)e] 7z} =7AdE wjd3s FEES 01 mL H7Fske] wEg-o)
= 7].

c
it

3 & dk&ol 20 mlLol 35% trichloroacetic acid 1.0 mL%} 0.75% TBA A2 20 m

ot RS AT o] WG 2

2
o

gt th vortex mixer® FE3ste] 95T F&4 oA 404

272 WA A acetic acid 1.0 mL, chloroform 2.0 mLE 7}3te] A®AZ & 3

o
S
9
3

oAl 5 FoF AA R A5H EFBEE 532 nmolA ZAH3AT TBA#S A=

2R E gEd 2ol ALkedvds).

)

L
N
Ml
1o,
e
ofd
k
fo
o|N
|
o
i
R

BN

=Y

(o

fl

e

ool

o“

TBA (%) = (A-B)/A x 100
A HET (B A7 FRE )
B: AR #hee FBE

(3) AA&ol5 (Electron donating ability)
A2Lao] 52 Blois?l ¥WH(16)S W 3sle] DPPH(1,1-diphenyl-2-picrylhydrazyl) 2}t]Z:
of gt AATALHE YEUe AR dES ST AEE deso] Fo o
3

Aeez XA $ ol& Alg §422 01 mLo 04 mM DPPHE Y 2mLE ¥ wyt

3 & 3087 A9 obioA W3 thS spectrophotometer 517 nmolA SR E=E =

pul

AAEols (%) = A-A8H7FHe] F3=/5F37H9 F35) <100

< 33 WaSAste] sy 2 dye FAEAZ YEpoda, ARk

-

IN

iz

=
RE 2

o)A HAAL SAS (Statistical Analysis system) program (17)= ©]83}¢] p<0.05 =

g

ol 4 Duncan’s multiple range test® 7 73} th.
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A3 AL 2 R 22

1. A5 Ho 4 & Drip &4

A8 WAS -0C Agael 7U YEAGRT YEH ARE 7279 sEdud (Ae

o
X
o

FolaZdelB)Z &S AAstY e 95 wade FAd nXe= JTFs A}
i Ay F =YE2~E Figo 3-16 YERAT A2 3lE Al drip loss & 7.6 + 05%
2 YAsEe 45 £ 04%9F microwave oven 3% 2 3.2 + 0.3%0°l ®]&] 1.791-2.48] 7}

=9 §3ol Be Aoz Fangh

2. LA BE BH HEe W3
3

A= widE -0C Aol 747k

o

EN

, WA, vpolazdelB) ses AAste] e AR vide] FHo vA= dFS
AL < M EWsts Figo 3-20] vetudde Lk 5419 0
HeE 2te Aoz A vidE 32075 vEhliglen, sieyel wel Lt ==
olZ YEUATE F wlolagrdelr o FoA dfeg mide Lk 31.95= AnjA It
zkol7F gl o, Aol st w2 30697 1384 =9 AolE Wt agtd
Aol —80olaL el +10022 YEfol A =d Aol agt2 -577& YERlen, S
el wE Apol= werek Aom ZARE AT bt FMe] Hejd 4 = 00l +70L
76 YERA o, Ao sfEd A5 10455 HHERY
AT AT A7 vwido] 33745 yetilen, Wa
3l s violam ol B S E2 747} 33549 33630% F Aolt gllou, AolA &

= 4

:Oé
%

rm N o
i

i\

ol

Ysu]ads st & fEd dHFS FAHANE 2= Table 3-200 4 2o}, feld2
fructose, glucose, maltose ¥ sucrose & 4 THF7F SAHNLHY, FEld THFEZ 2

glucose’} 7} o] &% %3 maltose, fructose, sucrose®] <=2 UESET A3 uf
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2 4266 mg%s YEF A ™, microwave ovenoll 4 353 uj
AL 4138 mg%, Y=o A dlwe w4007 mg%, A=A ssd v 3739
mg%E UEtlo] AMg mjde] nls] frejdo]l AA rE Aew yEyton, o=
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Wesmds dfed 5 F714 s S8 23 Table 3-30lA 9 2ok #7714k
malic acid, citric acid, succinic acid, formic acid % oxalic acid & 57FA|7} HAE= oM,
shakdl 2 W citric acid’F 7 %ol HE %13 malic acid, formic acid, oxalic acid 2
succinic acid®] =22 &A= At 53] malic acid®} citric acid7b A F714He] 94.3 -
MUL5%AHAEE AAsE Aoz yeyt, AAI mjde AFe = f7)ak dEre 52972
mg%E YEIN S S ™, microwave ovenol A 3& 3¢ vj2E 5166.1 mg%, YA-=EolA] 3
B3 wld2 51288 mg%, A-2dA 53 e 48069 mg%E LEFH O 21AE ufal

#H

of wlal f7itte]l AA FrHE Ao yEwon, o= e EE =

Aoz 3olFEQom microwave MF(975%)7 W 315 (96.8%)2 F7]AF o

_76_



10

8 T
< I
S
n 6
7))
o T
a 4] .
= 1
()
2 L
0 : :
Refreezing Room Microwave
temp. (5°C) temp. (5°C) oven

Thawing methods

Fig. 3-1. Drip loss of Mume fruits according to the thawing methods
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Fig. 3-2. Hunter's value of Mume fruits according to the thawing methods
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Table 3-2. Free sugar contents

of Mume fruit according to thawing method

[unit : mg%]

Thawing method

Free sugar
(%) Fesh mume Room temp. Refreezing Microwave
fruit (25TC) temp. (5C) oven
Fructose 57.7 49.3(85.4) 52.6(91.2) 54.7(94.8)
Glucose 229.3 198.1(86.4) 212.5(92.7) 222.6(97.1)
Maltose 89.5 83.6(93.4) 86.9(97.1) 87.1(97.3)
Sucrose 50.1 42.9(85.6) 48.7(97.2) 49.4(98.6)
Total 426.6 373.9(87.6) 400.7(93.9) 413.8(97.0)

Number in parenthesis are the per cent of amino acid compared to the control

Table 3-3. Organic acid contents of Mume fruit according to thawing method

[unit : mg%]

Organic acid

Thawing method

(%) Fresh Room temp. Refreezing Microwave
mume fruit (257C) temp. (5C) oven
Malic 2,487.6 2,145.7(86.3) 2,386.1(95.9) 2,395.6(96.3)
Citric 2,507.1 2,397.5(95.6) 2,459.5(98.1) 2,485.1(99.1)
Succinic 75.8 67.3(88.8) 70.8(93.4) 73.4(96.8)
Formic 149.0 124.8(83.8) 135.9(91.2) 136.1(91.3)
Oxalic 77.7 71.6(92.1) 76.5(98.5) 75.9(97.7)
Total 5,297.2 4,806.9(90.7) 5,128.8(96.8) 5,166.1(97.5)

Number in parenthesis are the per cent of amino acid compared to the control
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5. AFWHA }E RFElopu=qt FFe] W3

Yesmd S fisd & fFaotuit S S48 A= Table 3-40 A9k 2ot 771
Ab2 aspartic aicdE H|E3I] F 17F0] A& oM, ol& HFEE BW asparigine©]
A ofu =4t gkl 755-764% 5 AA|s 7 ®Wol] HEEF AL arginined} aspartic
acid®] £o &2 Wol] FFHol AE Aoz HATE A wjde] A F fE o
A e 2814 mg%E UEFH A 21 microwave ovenoll A &l 53 wjA-S 2754 mg%,
YA A 3E5s w2 2720 mg%, A2oA &3 jd 2643 mg%E YER O]
A5 mj el vl fre] ofmwAto] AA FHrE Fom yetskow, o= dEAl fFEE
=g A U Al ol 2muzty] fjwel Alew ddEn shARE FE] ofu i
Abe fElg g 714k A= vlaA @E <ol ol E Aoz FAH=d ol

284 AEEol Y A WEQ Ao ARfh feolulweit FFxAle] Aol
3

o

3t A3l= Table 3-50419F 2t} 214 sk

Al date] mlael M= 37HA s e e et v RFE7E A2 diAfela vhe A
FE Bgov, WAALEA AL s microwave oven Wel A9l s fre Al Aol vt
AT SAIRE A oA e A Mg Fujd g vasdsw 5% o FEelA

frolst Aozt e Ao= YErET webA, w4 3E -2 microwave oven wol A 3l
5 a2

wolA BT Bl AAT AT Farg Mt
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Table 3-4. Free amino acid contents of Mume fruit according to thawing

method [unit : mg%]

Thawing method

Free sugar (%) Fresh Room temp. Refreezing Microwave
mume fruit (257C) temp. (5C) oven
Aspartic acid 13.5 12.7(94.1) 13.2(97.8) 13.4(99.3)
Glutamic acid 7.9 7.1(89.9) 7.3(92.4) 7.6(96.2)
Asparagine 212.4 201.9(95.1) 206.5(97.2) 209.1(98.4)
Glycine 5.1 3.9(76.5) 4.5(88.2) 4.5(88.2)
Histidine 2.5 2.1(84.0) 2.2(88.0) 2.3(92.0)
Arginine 19.3 18.8(97.4) 19.3(100) 19.5(101.0)
Threonine 1.9 1.8(94.7) 1.9(100.0) 1.7(89.5)
Alanine 7.7 6.7(87.0) 7.2(93.5) 7.0(90.9)
Proline 2.2 1.8(81.8) 1.9(86.4) 2.0(90.9)
Tyrsine 1.3 1.1(84.6) 1.1(84.6) 1.1(84.6)
valine 1.7 1.5(88.2) 1.5(83.2) 1.6(94.1)
Metionine 1.0 0.9(90.0) 0.9(90.0) 1.0(100.0)
Cystein 1.8 1.5(83.3) 1.7(94.4) 1.8(100.0)
Isoleucine 0.5 0.4(80.0) 0.5(100.0) 0.5(100.0)
Leucine 0.8 0.7(87.5) 0.7(87.5) 0.8(100.0)
Phenylalanine 1.4 1.1(78.6) 1.2(85.7) 1.1(78.6)
Lysine 0.4 0.3(75.0) 0.4(100.0) 0.4(100.0)
Total 281.4 264.3(93.9) 272.0(96.7) 275.4(97.9)

Number in parenthesis are the per cent of amino acid compared to the control
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Table 3-5. Sensory evaluation of Mume fruit according to thawing methods

Thawing method
Free sugar

(%) Fresh Room temp. Refreezing Microwave
mume fruit (257C) temp. (5C) oven
Color 6.3+1.2° 45+1.0° 5.7+1.0" 59+1.1%"
Odor 6.7+1.2° 46+1.1° 5.3+1.1%" 5.8+0.8"
Overall 6.4+1.3" 45+0.8 5.1+0.9" 5.6+0.9"

1) 9: like extremely, 1: unlike extremely

2) ab: different letters within the same row indicate significant difference (p<0.05)

5. 95 WWE UY AFS Tl hE FEAE

AEPRE s ABRATIH AFE FuF) UG AFA LIS A4S Ao
Fig. 3-3014 Fig. 3-67b°] dehlieh. A 45902 1% 4748 4% 248 we 7
of HelM FTAE m viekshiul 4EAES 27 dehle AoR FAsATh A
WoSEWel mE Aol A vhehA 2o} Al WE % HEL vhae] FT o

detEnh o] S(G-18)2 WA HFde] 1% Hrb= wid
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Fig. 3-3. Antimicrobial activity of Mume fruit on the growth of Bacillus cereus
KCTC 1012

@®-@ : Control, O-0 : fresh mume fruit, W=V : mume fruit thawed at microwave
oven, V-V : mume fruit thawed at refreezing temperature (5C), ll- : mume fruit

thawed at room temperature (25C)
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The number of Escherichia coli
(Log CFU/ mL)
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Fig. 3-4 Antimicrobial activity of Mume fruit on the growth of Escherichia coli
KCTC 1012

@®-@® : Control, O-0 : fresh mume fruit, W-V¥ : mume fruit thawed at microwave
oven, V-V : mume fruit thawed at refreezing temperature (5C), ll- : mume fruit

thawed at room temperature (25C)
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The number of Salmonella typhimurium
(log CFU/mL)

0 12 24 36 48
Cultivation time (hrs)

Fig. 3-5. Antimicrobial activity of Mume fruit on the growth of Salmonella
typhimurium KCTC 1925. @-@ : Control, O-0O : fresh mume fruit, ¥-V¥ @ mume
fruit thawed at microwave oven, V-V ! mume fruit thawed at refreezing temperature

(5C), H-M : mume fruit thawed at room temperature (25C)
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The number of Staphylococcus aureus
(log CFU/mL)
o

0 12 24 36 48
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Fig. 3-6. Antimicrobial activity of Mume fruit on the growth of Staphylococcus
aureus KCTC 1928. @-@® : Control, O-0O : fresh mume fruit, -V . mume fruit
thawed at microwave oven, V-V : mume fruit thawed at refreezing temperature (5C),

H-H : mume fruit thawed at room temperature (25C)
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(3) A&l 5 (Electron donating ability: EDA)

e ddA g5 REEe weke] ojste] superoxideE: st olFA G H
superoxide™ A% T2 X ZAxkstel AA e A3ty AolE z#st=d, d4kst EEL
superoxide A #A A oxidative free radical® HAS Folsle] oxidative free radical
S &7 - Edlsts Ak A8 ForM dAAgoee FitstEe] Hmw ol fHt A
2pFols =4 DPPH (1,1-diphenyl-2-picryl hydrazyl) =FdjZ 4
DPPHE & radicals 33l o2 free radicals 3 ZAgsle] ¢+ 3 complexE W
S Qo] FArsEA ol de B4 v gtrZto] A EH ojwo] DPPH L9 A
dalo] glojx = EAo] glal o] MAE 517 nme| FFEolA BA FFee] AAyols
S =A3stgrt. AlAsE ujal zhzte] W o g &% 3k wjAl ascorbic acid ¥ BHT® A=At
e s SAT A= Fig. 3-9° yeblideh Qg vid e vlawsisls w 3744 &lE
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Fig. 3-7. Peroxide values in soybean oil substrates containing Mume fruit
extracts and other antioxidants during storage at 60C. @-@ : Control, O-O :
fresh mume fruit, V-V : mume fruit thawed at room temperature (25C), V-V

mume fruit thawed at refreezing temperature (5C), Hl-M : mume fruit thawed at

microwave oven, [ 1-[] : BHT, -4 : ascorbic acid
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Fig. 3-8. TBA value of linoleic acid containing mume fruit extracts according to

thawing methods and other antioxidants
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Fig. 3-9. Electron donating ability of mume fruit extract according to thawing

methods
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B U2 R FER wE v ARRS Wl A7HE A wEe] AL Rgo
B 1EAE wob 15 AR ol§7bsdthn wu @ v gtk o] $(4-22 4-23)& )
A AFAE I AR S A, EES FF s} AFHe] AFEAL A&
2 nud v gou AN Pe® 95 FFE olgste] WANEE Axsdug B

A= wHgk AA ol
meba] 2 AFAgAE ujdE o83t gt AxE A xSy flske] Al A x A
Acetobacter sp. SK-7& &8, 4 3 3 o] &5 o] &3l A= wdaxe FHE&
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A2 Az R By

1. A=

2 Ay Apg3k wide A& AgT A A (F)SFAT el AAkE 2005
Wik mjd e 95 F AMEsIg o, AFHT wdE RS FE3] FAS] NE AAS
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Z22F AT FEE8 A= XS wiA](Yeast extract, 1%; glucose, 5%; CaCO3,

3%; agar, 25%) ° cl&Zo] 4% T wiAE AFEStH om(4-24), WA Az AXE
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ethanol 4%7} % wixeol wjdFHE 30%=2 H7Fete] AE8FATH4-25). ol Al&4

MAZAEe WA 1 Kgold 2 F2AS ILZ 488 2 Agstan
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4. NAF WANNY $5 20T A

wel§ FauAelA 24k A dFE AAE dFEs 2AEAEE ASE A A
%
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5l shaking incubator (A&7, A o] 30ColA 100 rpmo. = Y
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T AT g 2o #FE HE A
5. 289 A

B85+ Bergy’'s manual of systematic bacteriology (4-26)$} Manual of method for
bacteriology (4-27)° F3to] 573kl

i

MEEPAe AT gAS JAES 459 10 mLE 33 0.1% phenolphtaleing A

Alefo 2 3to] 0.1 N NaOHZE At & x4toz 3aksle] Yehy

O

712 242 A5 1 mLE WA &A% amberlite TRA-118H(Sigma, USA)Z}
amberlite IRA-45(Sigma, USA)E AF&3t] F714ks &2 E2A12 o3 55CadA 72t

%3k ¥ n-putanol 2 mL, benzene 2 mL, Ho:SO; 1 mL % ¥4 NaxSO4 2 g& 713}

=~

FFRYAGA AN 243 Ft HFA tE, SRFE 73 AHEAL ether®2 FEI F

0 mL=® &3t GCE A sttt

—_

A3 d7AEe 23 R 212

1L 24 B479 29 2 &4

BEA ] ThAo A A WPo R Az 20097 AREHE AT 2EE& w A

of 4Eekel colony®] F9lol TR WAL 407) #FE w5 A o5 BT
F MAES WA AN 2Pl 5 TS AGes] 98 aFe] 25%7
FaEol gl 2AANE WAF WAe] Fel #FES 47 AEste] 24 44 Pl 7}

4 e e FATFE AF AASHAH Table 4-1).
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Table 4-1. Cell growth and acidity of isolates [unit : logCFU/mL, %]

Isolates Cell growth Acidity Isolates Cell growth Acidity
SK-1 6.3 3.6 SK-11 7.3 3.5
SK-2 6.5 39 SK-12 75 3.8
SK-3 7.1 39 SK-13 6.8 3.8
SK-4 6.1 35 SK-14 6.4 35
SK-5 7.2 3.8 SK-15 5.9 3.3
SK-6 6.9 39 SK-16 4.1 3.1
SK-7 7.7 4.1 SK-17 5.8 35
SK-8 6.5 3.6 SK-18 7.1 3.8
SK-9 6.8 3.7 SK-19 3.9 3.1
SK-10 6.6 3.7 SK-20 6.4 3.3

1) Each isolates was cultivated at 30C.
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Table 4-2. Morphology and physiological properties of the isolate strain

Test SK-7 Test SK-7
Shape rod Growth on SM medium
Gram stain - +0.5% NaCl +
Catalase + +1.0% NaCl +
Motility + +2.0% NaCl -
Grown on carbon source +1.0% Ethanol +
Ethanol + +2.0% Ethanol +
Methanol - +5.0% Ethanol +
Na-Acetate + +10.0%6 Ethanol -
n-Propanol + Oxidation of carbonhydrate
Amyl alcohol - D-Glucose +
n-Butanol - D-Fructose +
Nitrate reduction - D-Mannitol +
Inulin +
Sucrose +
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Fig. 4-1. Effect of temperature on the growth of Acetobacter sp. SK-7.
The strain was cultivated in the medium in which yeast extract, 0.2%,; glucose, 0.5%;

(NH4)2P0O4, 0.06%; ethanol 4% and mume extract 30% was contained
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Fig. 4-2. Effect of temperature on the acidity by Acetobacter sp. SK-7.
The strain was cultivated in the medium in which yeast extract, 0.2%,; glucose, 0.5%;

(NH4)2P0O4, 0.06%; ethanol 4% and mume extract 30% was contained
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2
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Fig. 4-3. Effects of agitation on the total acidity of Acetobacter. sp. SK-7.
-@- shaking culture, - O - static culture
The strain was cultivated at 30C in the medium in which yeast extract, 0.2%; glucose,

0.5%; (NH4)2PO4, 0.06%; ethanol 4% and mume extract 30% was contained
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Acidity (%)
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Fermentation time (days)

Fig. 4-4. Acetic acid production from Acetobacter sp. SK-7 by the initial
acidity concentration during the incubation period at 30C.

-@-1.0% of initial acidity, —O-1.5% of initial acidity, ~¥-2.0% of initial acidity, -V
-2.5% of initial acidity--3.0% of initial acidity-[ ]- 3.5% of initial acidity

The strain was cultivated at 30C in the medium in which yeast extract, 0.2%; glucose,

0.5%,; (NH4)2PO4, 0.06%; ethanol 4% and mume extract 30% was contained
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Fermentation time (days)

Fig. 4-5. Acetic acid production from Acetobacter sp. SK-7 by the initial
ethanol concentration during the incubation period at 30C. @-@ : Ethanol 2%, O
-0 : Ethanol 4%,¥-V¥ : Ethanol 6%, V-V : Ethanol 8%, Ill-H : Ethanlo 10%.

The strain was cultivated at 30C in the medium in which yeast extract, 0.2%; glucose,

0.5%; (NH4)2PO4, 0.06%; ethanol 4% and mume extract 30% was contained
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v Fe 30%%F ol eE 4% 5 H7FE QA wi Aol GO FE=E 0%NA 0.5%7FA 0.1%
Ao g Zpzy gyl Hrbete] 30TelA 12¢ wF Eujdste] AeE S48 A=
Table 4-30| A9} 2} 2o A9 AEE 42%Ath 39 THol e des L=TS
A7rstds w7 A9y Held S HME Aery =4 dEuen, ¥IETe sRE
02%%E 378t 2ol 7FE =A dEbwth E3 03% ol 2ETS HUME A 9e 23]
A AT fadte AdE 2geaith ol Y Ay wiA T sucrose $HEFol HEFd
A AT AeEdsE 3 F4-24)9 Bt B2 Acetobacter sp. VC-29l 9]

H2e] glucose HA7ME L8]y ZAMEE A= I 5(4-25)9

zrol A 1297 AYMGRE F RIS B

ol

z9 f714F2 acetic acidg XE3te] 6 T/F7F AHAeH T {7t e EE
Aze] 1,661.0 mgku oy wE vt Jalge uel A2 FUiste] T E 124 A= 7,068.
mg%E e T Acetic acide] 7A-$ wlek 2U Ao 2,774.8 mg%rt AEEHJQoH, HE v}
A&go wel Fxp Friete] 2g 129400 = 43921 mg%E YERHATE A3 mj A
7Hg ol gEoldl= 714kl malic acid®} citric acid= 2 & 04 Aol = 2h7t 739.1%F
8145 mg%7t TH-Ho] AR} malic acidE a7 P wal Ax} ZFAste] wE
1297 o &= 403.0 mg%7} A& Wb citric acidE T &9 &7 Z7lste] HE 1294 9
= 1,7814 mg%7F AE&F Yk Tartaric acide LR X7 e HEHA &gfon vy

el welk HEE7] AFst 12940 = malic acid®th B2 5122 mg%7t A&
o}
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Table 4-3. Effect of sugars on the production of acetic acid by Acetobacter sp.

SK-7 [unit : %]
The concentration of sugar (%)
Compounds
0 0.1 0.2 0.3 0.4 0.5
Glucose 4.2 49 6.3 5.6 5.1 5.0
Sucrose 4.2 49 6.0 5.3 5.0 5.0
Maltose 4.2 4.8 5.8 5.0 4.8 4.7

Table 4-4.The content of organic acids in maesil vinegar fermented by

Acetobacter sp. SK-7. [unit : mg%]
Compounds Fermentation time (days)
2 4 6 8 10 12
Acetic acid - 27748 35416 40817 43516 43892 4,392.1
Malic acid 739.1 711.6 599.2 481.3 438.5 410.6 403.0
Tartaric acid - - 101.2 195.6 361.9 481.2 512.2
Succinic acid 355 14.6 10.9 - - - -
Formic acid 71.9 52.2 17.2 95 - - -
Citric acid 8145 11242 14309 1511.1 16931 17542 17814
Total 1,661.0 46774 57010 6,279.2 68451 7,035.2  7,068.7
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Slake ZAbgtg A AAEYE A5 100mLE #H3e] 0.1% phenolpthaleins
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"tk =, block 12 lower levels W= W block 23 higher levels& WERH= 0]
th, Table 5-1¢] block 13} block 2Atelol Aol oJE9A Fx¥=AE Hehdlen, o
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Table 5-1. Experimental design for n variables effect

Design of experiments

Number of experiments

Control (search level) experiment
With on lower level parameter
With two lower level paramenters
With three lower level paramenters
With four lower level paramenters
With five lower level paramenters
With n lower level paramenters

a) when n is an even number

b) when n is an odd number

With n higher level (+) parameters

Block 1 Block 2
1 1
"C;1 = n 0
0 "Cy = n(n-1)/2!
"Cs = n(n-1)(n-2)/3! 0
0 "Cs = n(n-1)(n-2)(n-3)/4!

"Cs = n(n-1)(n-2)(n-3)(n-4)/5! 0

0 "Cn =1
"Cn =1 0
0 "Cr =1
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Table 5-2. Design of experiments of block 1 for n=4

Parame terSEXperlmentS Ew Eun Ez Eis Eu Ess Eie Ei»  Es
P 0 - + + + - - - +
Py 0 + - + + - - + -
Ps 0 + + - + - + - -
Py 0 + + + - + - - -

Experimental responses Qg ai a2 ais au ais aie ary ais

Table 5-3. Design of experiments of block 2 for n=4

ParameterSEXperlments E2o Eor Eo Eo3 Eo4 Eos Es Ex Eos
P 0 - - + + - + - N
PZ 0 - + - - + + — 4
PB 0 + - - + + — — +
Py 0 + + + - - _ _ .
Experimental responses  a an A an A Ao A g o
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Table 5-4. Calculation of standard deviation and error limits

0 = standard deviation = 1/2(01+05)

01 = Ry xf
02 = Ry x £
R; = (largest difference - smallest difference) in block 1
R, = (largest difference - smallest difference) in block 2

f = statistical constant
= 0.3 for number of cycles 2 and number of experiment per cycle up to 32.
Error limits : For average = 14140 (+x20/+/n)
+1.0040 (£0.71%20/+/n)
For change in mean = 0.891c (£0.63%20/+/1n)

For effects
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A AA sete] AF (cycles ITand M)l AFSE AFzAANNA 7 7oA HAAE
of tfdt 20kE-o] Ao}l nkEZre] Zfo]E Table 5-50 YERATE FF 2%, ethanol &%

TEeE 3

flo

S
3

2 glucose F=E A7HA IR Aot A HA sete] T4 A (Ew, Ex)
ethanol 5% 6%, glucose 5% 04% = A3}

Error limits, 2+ &¥¢} change in mean effectE #A4Fst A3 = Table 5-6°] YEFH S
t}. Decision-making procedure®] we}A], change in mean effects®}t error limitsE A A3k
Soll, x7" (search leveD)® AIAxAS W7 = Zo] HS F& 2345 48 F 2
< Aolgta 7gE 2SS FAAES HEA7IA Au(G-7). HAHE2ALS change in mean
effect7} 21 Z} 3¢9 Agho] error limit B} A&u] g2 4 9o} wd EE5A
= Acetobacter sp. SK-79 2lsiA A EE= 2 x9 Atxo|H, o]l= Flo] & FE HF
Aol =g Zlo] #th 5 mean effect®] F-37F ()Lu HHHo =detA == Zlo
t}.

E Ao change in mean effect®] F3 7} (-)o]iL error limitell W8l = A e}

al
omw B Adgtel AAzANAN dojd AAAE FAAuT 1 A, 7 53

r

%
e F ) o)A o] error limit® T 2 AEE 3 WA set AF FAA (search
level : Ey, Ex)ol 2A HAxHo] ofyel= S st on, FHA seto] AgS 4

Algfor st 7 WA sete] AFo|A FAHH (search level : Ep, Ex) A HA setol] A

pe

AE7E S6eldes T A v HHAR En(EE2E ¢ 27C, ethanol §% 1 5%,
glucose &% 0.3%)% 13Ut F HA setd] AdZ7A3 A3+ Table 5-70] YEY
R w5 AFNFH error limite Table 5-89 YEFHATE F HA sete] 23 ellA
M =& A EE Ep (FELSE 1 30T, ethanol % @ 4%, glucose % @ 0.2)o]4 o]
now olmfe] A= 63652 HWERHT 7T WA setd] HF M= ZIH FE T error
2 AELo] &A= Z M= changes in mean effet’} (-)5¥ZFo]al error limit®
o2 Ee UBHIAT F A sete] A= HA o] opyeta Adkstal 7 WA
setoll A 7HE =2 A=FS UER By (F82% © 30T, ethanol §% : 4%, glucose &

E 025 A HA sete] SAMoR dAsta ddS AP E st Al WA sete]
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Ao A FAH (search level : Ep, Ex)2 ¥ WHA setoll 4 A=7F 63662 7FF =4
2 HAHA Enoz ATk Al HA sete] APxH A= Table 5-99 YEFA
2 g5 A error limit2 Table 5-109] YElW At EVOP-factorial designol A
ukok Fg 959 zho] error limit® th A1 change in mean effect’} & 7% change in
mean effect®] F&7F ()Y A% HAdigtel =gatdota gt Sq5| = Al HA set
o] A¥o = change in mean effecte] ko] error limitEth o F 371 ()9 7
el oy, 235 T Temperature x GColl 3k 3k(-0.2138)°] error limit®.t} =7
ety #HA 2 mge] Aufsidn AR, 2 AP AR HF AE=FHEE 6.365% %
set 19] TA AN vEbd AF=gk 54%0] W) 1.0%4 = =okxlon (Fig. 5-1), 1 o]

o) 4ge wagAoldm Busol A9 24 AYxUoE AQtsh
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Table 5-5. Experimental design for three inducer system and results of Set I

Experimental conditions Eio En Eis Ei3 Eu
Temperature 30(0) 27(-) 27(-) 33(+) 33(+)
Ethanol concentratoion 6(0) 5(-) 7(+) 5(-) 7(+)
Glucose concentration 0.4(0)  0.3(-) 05(+)  05(+)  03(-)
The content of acetic acid (cycle 1) 547 5.72 4.35 4.24 4.16
The content of acetic acid (cycle II) 5.33 5.51 451 4.43 3.97
Difference (cycle I -cycle 1I) 0.14 0.21 -0.16 -0.19 0.19
Average 5.400 5.615 4.430 4.335 4.065
(a) (an) (ar) (a13) (aw)
Experimental conditions Ex Eo Ex» Eos Ex
Temperature 3000) 33(+) 27(-) 33(+) 27(-)
Ethanol concentratoion 6(0) 7(+) 5(-) 5(-) 7(+)
Glucose concentration 0.4(0) 05(+)  0.5(+) 0.3(-) 0.3(-)
The content of Acetic acid (cycle 1) 5.38 3.35 473 4.54 4.27
The content of Acetic acid (cycle II) 5.50 3.50 457 4.68 4.50
Difference (cycle I -cycle II) -0.12 -0.15 0.16 -0.14 -0.23
Average 5.440 3.425 4.650 4610 4.385
(a) (a1) (az) (az3) (az)

P Numbers in parentheses are the coded symbols of levels of the extraction conditions
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Table 5-6. Calculation worksheet of effects of three-variable system and

magnitude of effects and error limits of Set 1.

Effects of Calculation of effects

Temperature 1/4(ag+taistaz +as—an—ap—an-az) -0.66125
Ethanol concentratoion (EC) 1/4(aia+arstaz +ag—an—ajs—az-ass) -0.72625
Glucose concentration (GC) 1/4(aro+aistas +an-ai—au-azs-az) -0.45875
Temperature x EC 1/4(an+astagi+azn-aiz-aiz—as—az) -0.00125
Temperature x GC 1/4(aj+aiz+as +ay—ai—au—as—ass) -0.00125
EC x GC 1/4(an+aiz+as +ags-aiz—au—azn—az) -0.16125
Temperature x EC x EC 1/4(ag1+ag+ags+ay—an—ap-—ais—an) -0.34375
Change in mean effect 1/10(a1 +aptaistaistas +axntass+tas—4ai—4as) -0.2405
Standard deviation (o) 1/2(01+02)=1/2(R1xfin + Roxficn)"” 0.1185
Error limits : For average +1.4140 (£20/+/n) 0.1676

For effects +1.0040 (£0.71x20/~+/n) 0.1190

For change in mean  +0.8910 (+0.63x20/+/n) 0.1056

Ri: (largest difference - Smallest difference) in Block 1

Ro: (largest difference — Smallest difference) in Block 2

frn=constant depending on number of replication (n) and number of experiments (k) per

cycle = 0.3 for n=2 and k=5
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Table 5-7. Experimental design for three inducer system and results of Set II

Experimental conditions Eo En Eip Ei3 Eis
Temperature 27(0) 24(-) 24(-) 30(+)  30(+)
Ethanol concentratoion 5(0) 4(-) 6(+) 4(-) 6(+)
Glucose concentration 03(0)  02(-)  04(+)  04(+)  0.2(-)

The content of acetic acid (cycle 1) 5.87 3.99 3.22 5.86 6.02
The content of acetic acid (cycle II) 5.66 4.13 3.08 6.11 6.15

Difference (cycle I -cycle 1I) 0.21 -0.14 0.14 -025  -0.13
Average 5.765 4.060 3.150 5.985 6.085
(a10) (an) (ar) (a13) (a14)
Experimental conditions Ex Ea E» E23 Ex
Temperature 27(0) 30(+) 24(-)  30(+)  24(-)
Ethanol concentratoion 5(0) 6(+) 4(-) 4(-) 6(+)
Glucose concentration 0.3(00  04(+)  04(+) 0.2(-) 02(-)

The content of Acetic acid (cycle 1) 575 5.68 4.29 6.26 4.65
The content of Acetic acid (cycle II) 5.89 5.84 4.46 6.47 479

Difference (cycle I -cycle II) -0.14 -0.16 -0.17 0.21 -0.14
Average 5.820 5.760 4.375 6.365 4.720
& (az) (az1) (axn) (az) (a2)

P’Numbers in parentheses are the coded symbols of levels of the extraction conditions
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Table 5-8. Calculation worksheet of effects of three-variable system and

magnitude of effects and error limits of Set II.

Effects of Calculation of effects

Temperature 1/4(aiz+ais+az +as-ay —a;—az—az) 1.9725
Ethanol concentratoion (EC) 1/4(arz+ais+az+axn—an-ai-az-azs) -0.2675
Glucose concentration (GC) 1/4(ap+arztag +azn—an—au—as—az) -0.4900
Temperature x EC 1/4(an +astaz tagp-—aiz-aiz—as-as) 0.0150
Temperature x GC 1/4(an+aistagi+axu—aiz—au—an-ass) 0.1375
EC x GC 1/4(an+aztaz +as-aiz-auu—as-—az) -0.4575
Temperature x EC x EC 1/4(ag tagp+aztan—an—aiz-aiz—ai) 0.4850
Change in mean effect 1/10(an +az+aiztastas +an+tass+au—4an—4as) -0.5760
Standard deviation (o) 1/2(01+02)=1/2Rxficn + Roxficn) " 0.1155
Error limits : For average +1.4140 (+20/+v/n) 0.1633

For effects +1.0040 (+0.71x20/~/n) 0.1160

For change in mean  +0.8910 (+0.63x20/+/n) 0.1029

Ri: (largest difference — Smallest difference) in Block 1

R2: (largest difference — Smallest difference) in Block 2

fxn=constant depending on number of replication (n) and number of experiments (k) per

cycle = 0.3 for n=2 and k=5
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Table 5-9. Experimental design for three inducer system and results of Set I

Experimental conditions Eo En Eis Ei3 Eu
Temperature 30(0) 27(-) 27(-) 33(+) 33(+)
Ethanol concentratoion 4(0) 3(-) 5(+) 3(-) 5(+)
Glucose concentration 0.2(0) 01(-)  0.3(+) 0.3(+) 0.1(-)
The content of acetic acid (cycle 1) 6.25 5.95 5.79 5.48 5.66
The content of acetic acid (cycle II) 6.37 5.68 6.01 5.72 5.84
Difference (cycle I -cycle 1I) -0.12 0.27 -0.22 0.24 -0.18
Average 6.310 5.815 5.900 5.600 5.750
(a10) (an) (ar) (a13) (aw)
Experimental conditions Ex Exn Eo Eos Ey
Temperature 30(0) 33(+) 27(-) 33(+) 27(-)
Ethanol concentratoion 4(0) 5(+) 3(-) 3(-) 5(+)
Glucose concentration 0.2(0)  0.1(+)  0.3(+) 0.1(-) 0.1(-)
The content of Acetic acid (cycle 1) 6.27 5.69 6.10 5.74 5.48
The content of Acetic acid (cycle II) 6.39 5.49 5.89 591 5.74
Difference (cycle I -cycle 1I) -0.09 0.20 0.21 -0.17 -0.26
Average 6.330 5.590 5.995 5.825 5610
(az0) (az1) (az) (a23) (az)

P’ Numbers in parentheses are the coded symbols of levels of the extraction conditions
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Table 5-10. Calculation worksheet of effects of three-variable system and

magnitude of effects and error limits of Set I

Effects of Calculation of effects

Temperature 1/4(aiz+ais+az +as-ay —a;—az—az) -0.0613
Ethanol concentratoion (EC) 1/4(arz+ais+az+axn—an-ai-az-azs) -0.0963
Glucose concentration (GC) 1/4(ap+arztag +azn—an—au—as—az) 0.0213
Temperature x EC 1/4(an +astaz tagp-—aiz-aiz—as-as) 0.0538
Temperature x GC 1/4(an+aistagi+axu—aiz—au—an-ass) -0.2138
EC x GC 1/4(an+aztaz +as-aiz-auu—as-—az) 0.0438
Temperature x EC x EC 1/4(ag tagp+aztan—an—aiz-aiz—ai) -0.0113
Change in mean effect 1/10(an +az+aiztastas +an+tass+au—4an—4as) -0.4475
Standard deviation (o) 1/2(01+02)=1/2Rxficn + Roxficn) " 0.1440
Error limits : For average +1.4140 (+20/+v/n) 0.2036

For effects +1.0040 (+0.71x20/~+/n) 0.1446

For change in mean  +0.8910 (+0.63x20/+/n) 0.1283

Ri: (largest difference — Smallest difference) in Block 1

R2: (largest difference — Smallest difference) in Block 2

fxn=constant depending on number of replication (n) and number of experiments (k) per

cycle = 0.3 for n=2 and k=5
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Fig. 5-1. Comparison of acidity at the central point of each set. A: central point
of Set I (Temperature; 30C, Ethanol concentratoion; 6%, Glucose concentration; 0.4%),
B: central point of Set II (Temperature; 27C, Ethanol concentratoion; 5%, Glucose
concentration; 0.3%), C: Central point of Set II (Temperature; 30T, Ethanol

concentratoion; 4%, Glucose concentration; 0.2%)
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#x; p<0.05. A; temperature, B; ethanol concentration, C; glucose concentration.
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B Ao AFEE AAE Aate] FTAAA vt dvha Ba(6-10 ~ 6-12)%8 32
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Table 6-1. A gl AL8E oA

Korean o Korean o
medicinal plants name medicinal plants name
name name
+ 71 A Lycii Fructus H & % Asparagi Radix
2 & ¥ Moutan cortex Gl % Geranium thunbergii Koidz
= Sk Helenii Radix 3} 7] Astragali
w5 5 Ophiopogonis Tuber 2+ W Phellodendri Cortex
et o} Hordei Fructus Germinatus g A Coptidis Rhizoma
) = Atractylodis Rhizoma Alba w2 o] Tribuli Fructs
A} el Arnomi Seman El % Arecae Semen
Ak A} Crataegi Fructus A} v Belamcandae Rhizoma
b 4 {+ Corni Fructus 2 3] 8 Foeniculi Fructs
X A E Acori Graminei Rhizoma = v} Cimicifugae Rhizoma
e 4 Perillae Herba & ¥ -+ Mpyristicae Semen
A 1l Forsythiae Fructs S % & Epimedii Herba
@ "] A} Schizamdrae Fructs A 3k Caryophylli Flos
2t ok Pgeoniae Radix = vt Magnoliae Cortex
A 2 Ponciri Fructs g Q1 Armeniacae Semcn
< % Atractylodis Rhizoma 5 Al Cinnamomi Cortex Spissus
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Table 6-2. A H7MA =9 #5HA 23

0.7
0.8
0.9
0.5
0.8
0.6
0.9
0.8
0.6
0.9
0.7
0.6
0.8
0.8
0.9
0.6
1.2
0.9
0.9
1.1
0.8
0.9
0.7
1.2
0.9
1.0
0.9
0.8
0.9
0.9
0.7
0.9

Korean name medicinal plants name SEV.
T 71 A Lycii Fructus 51 +
5 o 9 Moutan cortex 4.2 +
= sF Helenii Radix 3.0 +
W% EF Ophiopogonis Tuber 39 +
kL o} Hordei Fructus Germinatus 48 +
LL = Atractylodis Rhizoma Alba 50 +
AF el Arnomi Seman 39 £
At A} Crataegi Fructus 43 +
A Corni Fructus 6.1 +
AR E Acori Graminei Rhizoma 48 +
A 4 Perillae Herba 6.0 =
A al Forsythiae Fructs 36 *
% " A Schizamdrae Fructs 6.3 £
2} ok Paeoniae Radix 2.9 +
A Al Ponciri Fructs 45 +
2 = Atractylodis Rhizoma 34 +
HEF Asparagi Radix 55 +
il = Geranium thunbergii Koidz 52 +
) 7] Astragali 6.0 *
< ) Phellodendri Cortex 37 +
s ) Coptidis Rhizoma 4.2 +
w7 o Tribuli Fructs 35 +
el £ Arecae Semen 51 +
A} s Belamcandae Rhizoma 49 +
2 3] % Foeniculi Fructs 48 +
= ul Cimicifugae Rhizoma 26 +
5 57 7 Mpyristicae Semen 50 +
= ¥ Epimedii Herba 43 +
&) 3 Caryophylli Flos 2.3 +
s g} Magnoliae Cortex 29 +
&y Sl Armeniacae Semcn 4.1 =
5 Al Cinnamomi Cortex Spissus 52 *
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Table 6-3. @A F7bsEdl e Az B5AA 23

A7 s =

3k <k A

0% 2.5% 5.0% 7.5% 10.0%%
- 71 A 25205 4.2+0.7 5.8+1.0 6.3£0.7 5.8£0.8
g 3.0+0.4 5.0£1.0 6.0+0.9 6.5+1.0 5.9+0.7
A 4 3.1£0.7 4.1+£0.8 5.2+1.1 5.9+0.8 5.7+£0.7
% " A 2.9+05 57+0.8 6.7+0.7 5.2+0.8 4.9+09
3t 7] 3.5£0.7 41+0.6 6.4£0.5 5.8%0.7 57+1.1

Table 6-4. 3¢A) A7l Eo E Az A

& o ) 27t =
0% 2.5% 5.0% 7.5% 10.0%
71 = 5.9 5.7 55 5.1 4.8
A 5.8 55 52 49 4.7
A2 4 5.9 5.8 5.7 5.5 5.3
L m = 59 56 54 5.1 49
g 7 5.9 5.7 5.3 5.0 49
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8. Axe A7t MANzY FA AL 3P

Acetobacter sp. SK-79] 9]t Z4FAA A ZA0 A A7 o] whE nfj a2 %o =4
&
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19, =T 02%7F FHE WAl FAAZH A% FRE FEEZ /S F 0TI
g7 AGA G F AESh BEHAE AAAAT AEE Fig 62014 vhebd whst

o] Axel HArbFol woldel weh 2F Aastgot 3% WAAAAE 1 AR WS
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Fig. 9-6. Acetic acid production from Acetobacter sp. SK-7 according to the

addition of Preilla frutescens var. acuta.
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