HrEEHE (1

L. 4 =

AA = FAE wfF9; F-Foll ZF obalifr-of 3
AE Y AYE H7tste] FAEEE FET okl
g AFolth, S4F A8 7] A3y, JFHE
Y AETH o2 of-¢ £33k 7] o] ks o] dA
thA| 7h 2| A Fheke] Abo] A4 E| o HElYo] 3l
Elo] 20| AsEH 374 Aol AR T4
o8 AFo g FulE 4AsHA ek, o] &3]
45 dojvhes ER ot 72 Aol o sk
7 dAE R A 23 A9} s o] F-F5t] 4T
of LA sk ANHEA 2t A Fo2s FAFAY A
AW F-52 SHollA o3 AR g2 A7t
o> B2 AAolch

o] g} 7)x]= Aok sauerkraut, pickle &
U e AR FaF Z2 offHEAE Bt
FoFdal St IsHl HellA Y538 3 4
Fo2A4 AR o YAAYE o] 5o v}
o} o HAHgE F4-& o a gk
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I 575 Jihs] sho] Ao A HEAR

F-972]& A2 5o} Hobart mixer 9 Z(2,5
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A B85 oF 100mg F 3t A Fi4-5 FAste] T
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=45 Azt ch
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mmx 30m)$ A5kl on gk eder = 170C
ol A 12 213 5l 230°C7HA] 9 5CH 454l
713 230°Coll A 887k A Al Z ek, Hb) A 24 =
A4 (12psi), 74Z7]+= flame ionization detector
(FID)E AM&3lo] 14 &5 300C, A&7 2=
320CE shgich wlERl 42 s flshe
Shimadzu QP-1000 Gas chromatograph/Mass
spectroscopy (GC/MS)Z 485191 2 ion tem-
perature 270°C, mass range 30-440m/e, EI
voltage 70eV, seperator temperature 270C=
stgieh, 22 Bp-10(¢ 0.33mmXx30m)-& A&
o 2B w e T0TCAHA 147 F21% §
230°C7HA] 3 5CH A5Al7]1 AL 230Coll A+ 882t
fR Az e, o] v 4b7] A= Helium -& 4854
c},

I, 2 9 2%

Az shgte] sl felde] #HE-E gas
chromatography &4 2435k 18 1, 2] vbe}f
Yok 28 12 54 2719 & #+43% chro-
matogram o] 1L 27 2+ 54 $719] Ax]elA &
A3t 2 3o chromatogram ojch, <4 %27]9)
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CHART SPEED ©.5 CM/MIN

ﬁlTEN: 32 Z2ERO: 5% S MIN/TICK
Mannose
= __o-Galactose Fructose sl
‘FE'SC\
i B-Galactose a-Glucose
Q41 5
8-Glucose RIS

- 10.112
10.919
11.843

13.398

Internal standard

Fig. 1. GC chromatogram of free
fermentation.

CHART SPEED
ﬂTEN: 32

.5 CM/MIN
ZERO: S%

S MIN/TICK

sugars in cabbage kimchi at the initial stage of

Unknown

B-Glucose

Internal standard

Fig. 2. GC chromatogram of free
fermentation.

Az ol EAsHe frel G dyE T2 EA o]
<2 mannose, fructose, a-glucose, A-glu-
cose, a-galactose @ p-galactose 5o| =
il $7)o= galactose = A9 {1 432
mannose, fructose, glucose g+ =2t ybd o] &

o o) vebutth, Azte) felwe) WakE 3

9.357

g8.101

sugars in cabbage kimchi at the final stage of

Hog F4ste] & 1o vef%l=dl mannose 9|
7358 HW 7] 4, Tmg/100g o] A o] F7]ef
o2& (), 6mg/100g & & #A3| 433l fruc-
tose & a-glucose, B-glucose ¥ A| v|==3F oFA+
o8 =719 Z7z+ 1.3mg/100g, 8.6mg/100g, 10.
9mg/100 g o)ld Zle] 0.lmg/100g, 1.7mg/100g,



Table 1. Changes of free sugars in cabbage
kimchi without ingredients during fermentation
at 25C for 25 days

(mg/100g)
Day
1 3 7 10 14 17 21 24
Mannose 4.7 3.6 1.5 1.1 L1 LI 1Ll 0.6
Fructose 1.3 0.8 0.7 4 03 0.2 02 0.1
a-Galac- 0.2 0.1 0.1 0.0 0.0 - -
Lose
a-Glucose 8.6 6.3 3.7 2.9 22 20 1.8 1.7
Unknown - 1.2 1.8 5.5 9.2 95 0.5 99
R-Galac- 0.3 0.2 0.2 - - = = =

Lose
P-Glucose 10.9 8.4 6.6 6.5 6.0 4.1 3.5 2.7

Total 26.0 20.6 14.6 16.4 18.8 16.9 17.1 14.6

Table 2. Changes of free sugars in radish kimchi
solid during fermentation

(mg/100g)

1 3 7 10 14 17 21 24

Mannose 3.0 2.6 1.0 0.8 0.0 0.1 - -
Fructose 1.1 0.5 0.1 0.1 - - - -
a-Glucose 4.7 3.1 1.6 0.7 0.1 0.1 0.1 0.1
Mannitol 7.3 18.9 17.7 16.5 14.7 10.5 10.9
B-Glucose 5.9 4.6 2.9 1.4 1.0 0.6 0.2 -
Toral 14.7 18.1 24.5 20.7 17.6 15.5 10.8 11.0

2.7Tmg/100g 2 Zt43}% ), o|2jd F4-L 7
o] WHof Fodshs v AEo] FHGE AP e
2 A3 AE A AoR e wiSo)
A ks 87X B o] n|BEe] Aol o3}
of ZallEE & 4 AP, T 54 39 HF4H
o]z o] F-o] AU A Zste] FIDo|A res-
ponse & glucose 8} 54 1A A 48l91-¢ o) =)
of 1.2mg/100g old Zo] <4 214 7= 10,5
mg/100g & F7Fs1 bt 1 F A A8 e
AE 2 5303t o] n|A EAE s 95t
o] 7z 239 trimethylsilyl(TMS) §54 &
A|x3ted GC/MS 24 £4% A3k 173 33 22

A48 47

£ & Ak 2y 39 e
mass spectrum-g 24 753 EHE2AM = glu-
citol, galactitol, mannitol 5o] 9l-=8]| zZt7te] &
FE¢ TMS f=A3 A1A EFlstaL o] & 243t
7] %5te] GC2] retention time-g »®|igt =
coinjection 7|4 2.2 #4 & Z 3} o] vjx]e] A
o] mannitol g} o] 43} c},

72 o} & ofaf wWHAFoll YA AT Uof
e 32 o)At a St AAYER s g UTh
12| A= Leuconostoc mesenteroids ¢ Lacto-
bacillus brevis o 2|3 o)A a2 7]x]9] Fnvlo
AR A 24 GF, B So] AAEL
Lactobacillus plantarum o] 2|3+ A LF 2 A A
o] 4A% ), LA 7 2ol gloj4 pyruvate 7t
z|+= Embden-Meyerhof-Parnas(EMP)4] ] &
298 Az 2|5k 1 Fo= lactic dehydroge-
naseo| 28} NADH+H o] £xjj35}oll4] 35 of
lactic acid 7} A8 4 ¥}, Heterod w3 -
fractose-1, 6-diphosphate & triose 2 -#3js}=
aldolase(EMP 7 &2] key enzyme)2] &4o] gl
= Aol A o]}, wrebr hetero ol 4= AH3HH
2l pentose phosphate 7 25 A* 4 glucose =
23ty 5, glucose-6-phosphate = CO,2}t
ribulose-5-phosphate & #s}5i ribulose
-5-phosphate = t}4] C; 3322l glyceralde-
hyde-phosphate 2 0] 2}, Glyceraldehyde
-3-phosphate .= homo 3 o) 4 &} o}z+712) o] 73
< 1} A 4be] 5la acetyl phosphate &= acet-
aldehyde & 754 =0} ethanolo] Hrt},

ghH, heterod fr4bFal L, brevis &+ L, buch-
neri = @715 22 glucose & &3] ket
22} flavoprotein enzyme of] 2] & A& 4-n)
ste NADH & A 43} (reoxidation) 3o 24 &
714 A o2 glucose & LFEAA F4ta
CO, o)9o AL AN}, =3 Lactobaci-
llus &+ Leuconostoc ) #+F %ol = fructose =
w4EA A mannitol # AR P4 sh= Aol BWrh
wtetd A oFe] sauerkrautol A= F FETo]

mass spectrum -2
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FILENH&ME: SUGAR .AZ
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Fig. 3. Mass fragmentation of the unknown

Lactobacillus plantarum 22 W& NHFT 3444
A AFEQ FAbo] WAE I DA M= FALEE o
9| ol & Leuconostoc mesenteroids ¢+ Lactoba-
cillus brevis o 28 F 982 w59 599 Fo
EHE o] At AHEQ] FAL AL G F, BHAEL,
mannitol So] AAE = Zo) 7} 2 o] A o] et
£ 4 Qi) o2} o] o] F HALE R AT
ERAb7bATL A E o] 7] 2] 7L AHdEE W #71H A
2 Aol wat 34 Fde F4ES JAEA
gy 1254 270 245 5714 Aol o3t
o] A= cellulase 7} A-fr4S e gro s A
A5 &g o] 8% 5 7] w&o] ohd7t AZH
c},
g, F-972 b7 FEo Yol F4 =

sugar in kimchi.

| A el g A ste] 1f 4, 5ol veERASL
a4 719 R g 45k 18 6, Toll et
sich 4 271l gl 7% Addr e F=F
2 v FAAE veb o gl 54 Fo)edE A
o w3t FAAE Moy FEoMs 2]
galactose 7} 4% £ gl o0 Ad 7)o A=
Aol AEEA sk, 28y 54 F)d FE
Ad 7] 5% Argkeke] mannitol o] A& o] o] A
o] 72| uhel] Hx| ok JFE v]H AoZ AZ
53l Zzte] felge] Wals vr] fste] & 2
olE % Zd79 fe g HaE Adu L3l
% 7] o] = mannose, fructose, a-glucose, #
-glucose 5°| 774 3.0, 1.1, 4.7, 5.9mg/100g °}
& Z°] mannose 2] 73554 1797 ol 24 5%
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CHART SPEED ©.5 CM/MIN
ATTEN: 32 ZERO: 5% S MIN/TICK

5L H06 Mannose

a-Glucose

B-Glucose

Internal standard
12.482

Fig. 4. GC chromatogram of free sugars in  radish kimchi solid at the initial stage of
fermentation.
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12.656

Fig. 5. GC chromatogram of free sugars in radish kimchi juice at the initial stage of

fermentation.
I a-glucose = 54 24970 ol A= Hax)o Egst= A7 AL dAsk Y 1
o}, whHo| 54 397448 velhb] A &d man- F A3 ZFasksich
nitol -2 <4 797l 18, 9mg/100g 2 & F cfj 2] 2Oz FEol oA FElFe] HIE HE 3o

=2t 1 F A A3 Faste] 54 24973l Jepii gl sl 7% a7 g AL wdt Fe
10, 9mg/100g o] =itk A feiPe HiE 2 Eljo} a-glucose ¢ mannitol & A2 ok

U
++
W 7 Fefo] H Aol FehE A7]E mannitole] 2P 54 10870 25 £AE 0] 149 o] Fol=
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CHART SPEED
ATTEN: 32

2.5 CM/MIN
ZERO: 5%

S MIN/TICK

Mannitol

Internal standard
12.633

Fig. 6. GC chromatogram of free sugars in
fermentation.

CHART SPEED
ATTEN: 32

2.5 CM/MIN
ZERO: 5%

S MIN/TICK

radish kimchi solid at the final stage of

Mannitol

12.629

Fig. 7. GC chromatogram of free sugars in
fermentation.

Ae) A2 A egreh 54 3970 0|28 {AT
o] o] WA FrheHe AL -5 AE| 24
G250 e Fo] FELo| ohF TA ] dE>
2 47, Mannitol & 3¢ %4 1097
axe] £2ete 1 F AA3 F4Ed man-
nitol o] gHapAste] olsled AA FelFe] Tl

Internal standard

8.107

radish kimchi juice at the final stage of

A e e AS & T Yk

A BE 7HE 1219 S4F el Wil
M5 o]y g AL vxd P4 el
= w3 100g 7 & 15g ©hs L5g 257HF L
5g¢ 7leta AGEEE 2.3% 2 w e A eA
223 220 oA e HIkE $43le] £



Table 3. Changes of free sugars in radish kimchi
juice during fermentation

(mg/100g)
Days
1 3 7 10 14 17 21 24
Mannose 1.7 4.3 1.3 0.2 - - - -
Fructose 0.5 0.5 0.1 0.0 - - - -
a-Galac- 0.2 0.1 0.1 0.0 - - - -
tose
«-Glucose 1.4 4.8 2.1 1.2 0.1 0.1 0.1 0.1
Mannitol 0.5 9.2 17.1 18.3 16.5 14.9 12.8 11.8
R-Galac- 0.1 0.1 - B E - - -
tose i
B-Glucose 1.7 6.7 3.9 08 - - - -
Total 6.1 25.7 24.6 20.5 16.6 15.0 12.9 11.9

Table 4. Changes of free sugars in cabbage

kimchi juice during fermentation
(mg/100g)

Fermentation time (hours)

0 13 25 37 48 61 85 109 133 181

Mannose 0.9 0.9 0.8 0.7 0.6 0.2 0.2 0.1 0.1 -

Fructose 0.5 0.4 0.4 0.3 0.2 0.1 0.9 - - -

a-Galac-0.1 0.1 0.1 0.1 0.1 - - - - =
tose

a-Glu- 1.3 1.1 1.1 1.1 1.0 0.8 0.7 0.6 0.5 0.5
cose

R-Galac-0.2 0.2 0.1 0.1 - - - - - -
tose
B-Glu-
cose
Mannitol - - = SS9 7.9 59 54 3.7 27 2.5

19 1.7 16 15 1.5 1.3 1.1 0.8 0.8 0.6

Total 4.9 4.4 4.1 8.911.3 8.3 8.3 5.2 4.1 3.6

4ol] et =d o2 Ao EA s el g
olzk7bx] & mannose, fructose, a-glucose, g
-glucose, «@-galactose, B-galactose W man-
nitol -5-o] EA 33t o]Hd T FAo] AFPH
of whe} 4 2 74319 i mannitol & 7% <4 37
A ZH-E vrebuby] 4] Zbsted 48417F 7ol 7, 9mg/
100g o2 2 x]of 23t F A3 sk of
ZH7t Aashs AL A =28 A
Zo] wE It AP ol ahef n]AEQ] PR &
257 gEoz Agdd,

TR

Iv. & ¢

72 SHA £ sl fElFe] TEE dohr)
sl FAET HobEA -2 wiF A e 793
2 9 A 87 FIHE WS A5 A Zste] 47
Ztell whe} 1 W35 E4 s 7 Azl EA 3
= $e%-& mannose, fructose, a-glucose, A
-glucose, a-galactose % S-galactose 5°] 3l
%L s4do] 7ol mhebA o] &2 A Wb
] x] o] AJfo] A= o] A 4¢-& GC/
MS & 243 Z 3 mannitol o] ElEgle
mannitol -& 7 A F & Fo = £} grevt
=4 Z7)0 oFF A4 EC 54 F1o A6
Ashgich A BT HAHE R -2 wfFZ 2] 3o
ZAztel fElg $EE ZARE Ad 4 2704
mannose 7} 4, Tmg/100g ©| & Zo] 7)ol o] 2z
0.6mg/100g & |As] 745t a, fructose 2

a-glucose, S-glucose 4] v]=3t A28 27]
o 7} 7+ 1.3mg/100g, 8.6mg/100g, 10.9mg/100g
ol Zo] 0.1mg/100g, 1.7mg/100g, 2.7mg/100g
o2 ZFAFA T ol#dt FFe FFY ole ot
& ey 7974 AdrdAE v AR T+
A FEAAAE 270 Fe1Fe] FFol T F
A A3 sk, =3 A B H oM s F70 A
5o QoA FElge W3l F4 8T H7bE R
42 w7 2] &} g o] Yo} w7 G
LN 4=

Z a7 3

L 33 A8 34 A9 nYEFH A7
(A 28). 3714 A #2253 . FAF 8, 5,
51(1960)

2. 34 AN AALEF AT 54 H 3ol
AT B AE A T4 =54, 6, 112(1966)

3. Rleje] A A A g v X = 2E R A G F
5.0] & g4 Futdts]#], 16, 443(1984)

4. 313 7 2] A At Pediococcus pentosaceus 2)
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HzAEER) 3t o 3 A AFehe] =E(1988)
6. 2 9 -ola: x| Aol AT AT Frelot CEAY A EEA AT AR EEE TH R
m) iAol ghate]. g4 FhehE] 4,11, 26(1979) - WFAFEL Y3 A FA T4 LA (1987)
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