The Korean Journal of Culinary Research 299
Vol. 12, No. 4, pp. 299~319 (2006)

ol SFE =elet SAnjel Zx wst I Mz 2

of 7| HT

A al AEHE 7MY a S

The Changes of Hardness and Microstructure of
Dongchimi according to Different Kinds of Sugar

Gee—Jung Ahn'

Department of Home Economics Education, Pai Chai University,
DaeJeon 439-6, Korea

Abstract

The purpose of this study was to investigate the changes of hardness and
microstructure of Dongchimi cooked with various sources of sugar(xylitol, xylose,
sugar, pear juice). It was fermented at 10T for 60 days. The changes of pH in
Dongchimi used different Kinds of sugar decreased in all samples during the
fermentation period, and then showed a slow decrease after 12 days of fermentation.
The total acidity of Dongchimi using xylitol arrived slowly at the best tasting
condition(0.3~0.4 point) compared with other conditions. The changes of salt content
were showed high as compared with other test conditions in 0 day, the day of
fermentation. At the early stage of fermentation, the changes of turbidity of
Dongchimi using sugar, pear juice were showed high as compared with those of
Dongchimi using xylitol, xylose for 5~15 days of fermentation. The maximum cutting
force of Chinese radish Dongchimi showed the highest value among al at the 25 th
day of ripening and then decreased gradually. The maximum cutting force of
Dongchimi using sugar showed the lowest. The calcium and magnesium contents of
Dongchimi juice and Chinese radish Dongchimi juice using xylitol were observed high
at the early stage of fermentation and showed the highest value during the
fermentation period. The microstructure showed disintegration appearance of middle
lamella and cell wall during the fermentation period.

Key words : Dongchimi, pear juice, maximum cutting force, microstructure.
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MA 192 BE F AAEE olisRae) §o)2k0 2 Q18 Alfleln B E

o FASZ 3 b, ABE Hol 2T Fol B B3] VEA AAA Feh&
Bl-
o} QIS ReAEAY - ol 1976 )8} 1

2 9453 ekl
5o 1986), 1019 oa%hc oot Z‘zﬁv 71 won %o ue 35t
ok W] Hgo] dwtslE el A ol Add BARle] F
)7t HGH 1 glovt A7 AFA] FxA e AR Fgez 1% 47t At
7V & AR dFddh A AF @42 F2 A8 AE Ale|d EAshs
HeiZ o] B2 BAE = olo] Fodd= EAF pectinesterase(PE)$} polygalactu-
ronase (PG)7} It} Polygalacturonase= ol B-<HY3b pecting2 2] 1,4 glyco-
sidic linkageE 7} E8)A1A EAF0] AL pectino] Fo} 2 E22S A ke
HHA pectinesterase™ Goll QHE 3 A4 A pectin®] methoxyl group 7128811
Ca™" Foleo] FEL v B84 Capectate gelS FAFTFo2M 2ExH9) A7
Gl fAlshet] #5375 o]cBuescher - Hudson 1980; Fennema - Willy 1967).
SAVE 24 5 F3E A9 B, AF, B2 71EARE 8l vhs, 3, Fz,
F 59 FARE FUb Az H2 7154 FAR L A A0 e 97
7} #E3) o]FAL ' FAolth 7154 FARY 9P dFEE 4 &Y A
o}, &, %kﬂjr—— H7behes A7 Tol BuEa JoAYA § 1997, A9 -
A< 2003; AHE - ALY 1995 AR ¥ 1995).

WHEAE olgste A 717He A3 A7 sorbic acid, p-hydroxybutyl ben-
zoate, sodium dehydroacetate o] AE, R1HE ul JtHSAA 1989; o|FF 5
1968, 71742 1968; 22X T 1967).

B drdXe dnl A8 29 3 Aot BXv)e 7)|Eert ek e 7E
T Wslo)] Rgated F& ArsIth AR (Ahn GJ 2005)0] 4 LE 3 Ba)stst o
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A= 88% o]/l zﬂzﬂoﬂ(sﬂ Er3)e Ae3aT)
B8 BUFE FH AAT 292 249 4 Ak
T AR AYAD Tk N, A2, AU ES FASAL w2 %)

i, v ErtEdY 42 7Y B3 maste) ARgsllth

T 32 58 53] AHste 139 o|2AS AAsgon B A
AxAZen, vhy, £, AL 99Z AAS thg 32E B 3 AHs) W
Az 2% g2 B71E AASS s

2. SAloje| A=

29 2 22 $A) Az AR MU HEL Table DI} 2} AH
0] B 2718 $H3) AAN the A8CZ 5 em Lo|4 e} AL
w, she el xﬂﬂfsﬂ £71% AAY & A=A ge 4uz Witk 48e

AN E AAR F B8 N Ml AY 12315 992 Wrleigen vsR 29
AAT F s;ml Ao Yhsec
ojuf A18-% #7487} Polyprophylene AjZ2o] Za}AEl 26 L Abzt §7]12 o] &
soH Ax A% £ Do, 2F L 9393 $3N7 T AZLT 10T QA
o] E{(Incubator, CFC-FREE, SANYO, JAPAN)Z &4 A3}t
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{Table 1> Ingredient of Dongchimi with carbonated water used different kind of

sugar
Sample
Ingredient
A B C D

Raw Chinese radish 500g 500g 500g 500g

Garlic 25g 2.5g 25¢g 2.5¢

Ginger 1.5g 1.5g 1.5g 1.5g

Leek 5g 5g 5g 5g

Salt 40g 40g 40g 40g
Cho Jung Carbonated Natural Water 750mL 750mL 750mL 750mL

Sugar 7.5g

Xylose 7.5g

Xylitol 7.58

Pear juice 1.5g
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1. pH
AU =& 10 mLE F3}e} 2204 pH-meter(digital pH meter, Suntex sp-7 Isnt
Co, Taiwan)Z 33] ¥H2 %H(A.0.AC 1980a) 3+5Ic}.

2. M=
EA1] FE 10 mLE 3} 0.1% phenolphthalein €988 =AJeko =z @1 0.1
N-NaOH &9-& pH 827} H&= AH7HA] HA(A.0.A.C 1980b)3}5AL). olu} 209 0.1

N-NaOH®] 4:B]%-& lactic acid 302 3hibele] AT (%)E FA), 33 vHE =
ek
0.009xmL of 0.1 N—NaOHxF
Lactic acid(%) = x 100
10 sample(g)

(F = Factor of 0.1 N-NaOH=0.1)

3 9 =

o [
AU FE 10 mLE FH3led @xA|(Salinity meter, model SS-31A, SEKISUL,
Japan)E o83t 33) wHE ZAEYc).

_|n1
n

4
A )R X0 5 gEE B335 (Spectrophotometer, model DU-7,
Beckman, USAYE o|-83}e] 34 558 nmollA §3 =& 3 3] vl =H314ck

5. ZA|Y wig}

29 W 7|7k & o Ahelo] W3)E Texture analyzer (Texture ana-
lyzer, Model YT. RA, Demension V3.7G, Stable Micro Systems, England)Z ©]-&-3}<]
St 54 BT 284719 BANRI} Bol QlE REL IR 5 emx AR
5 emxx°] 0.2 emZ Fet A87} 100% F9E wzix]e Hof ddEe ZF(Ku-
wahara - Manabe 1985), 33] ¥HE-319] 00 o|mj] X}-8-3} Texture analyzer®] ZARE=
<Table 259} 7T},

6. Ca, Mg Bis}

EAve] BE 7|7t wE F71"e] Wsh= ICP(Inductively Coupled Plasma,
m-38, Jovin Yvon Co., France)& o]&3} AM&3lQth A8+ dhd 77k we} 2}
2ke] YAz} SAR LS H5zo) B9 Qo] ALFFATHEI 199).

3)shE Aol G4k (G2 : o] @E=1 : 1) 5 mLE 7}5}od hot plates]A] =2+ A1
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{Table 2> Instrument conditions of texture analyzer

Test type Texture profile analysis
Probe knife of butter
Probe speed 0.5mmy/sec
Force scaling Skg
Auto scaling on
Test speed 5.0mm/s
Detecting points/second 200
Travel distance 100% of sample cutting force

AR B A 5 mLe] FAHE-d (F4) : o] 2AIAG= : 3)S Jlste] SE 71D
ST F 73t 100 mLE A-834t) ©He 0.1 N HCl & A3} ICP2 A
B4, 33 wE=Aso.

A 27L& <Table 3>3} 2t}

Y

7. Mz=ZE Bis}

X 7S A mATEE 4] 98] 2% AP A =
A& FA} #R @)% (Scanning Electronic Microscope, 1SI-ss 130, Akashi Co.,
Japan)$ E3 B3 TH(EtulY 1996).

T 235 712, A2 742} 03 emx03 cmZ o] 2.5% glutaraldehyde 294

<Table 3> Instrument conditions for Ca and Mg analysis by ICP(Inductively Coupled

Plasma)

ICP Source Jobin yvon 38, plus spectroanalyser
HF frequency 27.12 MHz
Forward power 1.0 kW
Reflected power <3W
Torch Low Ar consumption, demountable torch
Observation height 14mm from the induction coil
Solution uptake rate 1.8ml/min
Wave length Ca 393.73nm

Mg 279.55nm
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24 AZF HAEk 12} 28 A)17) T2 0.1 M phosphate buffer(pH 7.2)2 31 o)) 205
A 33] MA3 5 1% osmium tetraoxide §-Rof] 908 EoF X x5} 23} A A|ATH
a7o] ¢ 23& thA] 0.1 M phosphate buffer(pH 7.2) 23] 423} th- ethanol
FEFE 50~100%7H2] DA A 2 Forly 747} 15 B4 gsle] 23 Fe] SRS
A ASHE. ©1F isoamyl acetateo]] 2054 33] AR|A)F| 1L CO,E o] &3t AAH A
2712 BZAZ F Carbon Stubell A EE 143t Alg Fdol] BFS 20 pm 57
2 =¥ FAL A2 @u)F oz s 15 kvellA] 4008 a4t

V. Zot & o

2o FHE 22T AT X9 pHY Wshe <Fig. D7} 2tk 2E 7130)
e pH ¥shs E 7)) ZoARE Aasigon, B 2dd o] AT BF
7FE %8 pHE YL 2E 60Yd) 713 e pHE YeRit)

AR A7 2R VIR wkel 43 pHo) 2asigion 3 295 6.072 713
Eor 1E 609 71 Bkl Ade A HArlre dhE 294 6.072 Egkon
HE 6049 33440k AYNE F/TE 2E 29 6.082 LEvt AP wta) 7t
&tz A 60Y9) g R ge Uelith wiE AT BHE 29 6.060.8
7P =% 2E 60 3.028 7bg ¥ ke Jghich

ol2g Wshe ul A7rt BeF oz AP 7 pH 4.00] == ZYE
AlZ1el Slof Ztol7} Y= A ArbrE 2 29U 0Y 562 H3F pHY 4.0
o 2E@7HA= B 9~15Y Ale], AUR 2 HrlTE WA 25~32¢ Ato), AYE]

65
8 s
55 |
5 |
T 45 |
o 4 F
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3 |
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<Fig. 1> Changes of pH during fermentation period of Dongchimi with natural
carbonated water using different kind of sugar.
A : Dongchimi prepared with sugar B : Dongchimi prepared with xylose
C : Dongchimi prepared with xylitol D : Dongchimi prepared with pear juice
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E 7S R 32~39% Aol wiE AZME 2$E 5~9Y Atolz veh A
= A7 A3 pH =2 AHe] M 24 2EEe O & sl

L8 7kte] 22 W 7 bl @2 pH WskE AwEy H9 Hrlbre wa
9~15¥U9) 1, AR LF 32~39%6) =3tk 2L E Hrlre 2E 2
Q EE 46~-60 7P wokor v HrlTE WA 5~9dd 3 pHE Vet
HHeh(1995)9) Aol o)EhH FXHle WA 713 Fol% pH Wslr) 3.0 o)&k=
oA B3kEH olE AW F EASHE AL ko z 1 s A4t Ao o)
o X7} &3t pHYF 3.0 0|52 UE7hA] R Ao g Bud uie} 7o)
2EY BHFANE 22 AFGoh

offt HI HT

tio

N
o =
@ I

rx !

3= CFig. 2> 9} 2t
E A=) Wishe v Ayl @2 29dg] 0l 0012 7B Wik,
04l 0612 717¢ EJth AdeEx Ayl 23 el 04 0.012 713
WHE 32 042 wigton] AAE HrlEE BF 294 0.042 7P B9}
609 0452 713 Tt} HlF AvltE 92 9ol 0o 0.042 7}

BE 39U o]F 05002 7§ E9ich

& 7I7te] 2 W 7 Hrhpo] mE 2ol WEE Awnd Ae HrlrE 9

%?J"J 0~60 Atolol]l =7} 7Hd ERkon, $38(1995)2] AtA e} o] 5X)
vle] FH&719 04 Mol Z27A) A WrlTe BE 1590 B8, Az W)

= 2E 19~2590) £, AYYE Jrbre BE 25~35U0) £, vlE Ao
= HE 19~25¢Y Abojel] =PEh= Ao vehth £3) AjojalE xd?HL—c =2
7R o) Aol Ho H4 2gA Y OE PR 2 =98 2a
L7VHA A frAEA ek B3 ulF Ao rE wiEe) AE dgoz @ %)
FHE 08 AR ot 453 AuE 2Ev) AFEe] 2E 5Ud] we —7P
€ Holtt #7|2 Z4E Al 7asiith AR AFoxe} 2o A
(2005)) AT, & 22 & A7) AFelA FHE Ao wE 129 £ A=
0.227} vis A2 pollAs 2E 9Yd] Ueht vjFo] HEE 27 RoE H
Aot B3 Ade) e QY=L e ¢34 Jo] ARt Baa 9l Melo) ur
B2 A A 58 ZUMTE AL ¢ F A

oA SX] AzA] Raa 9l A gl Azt 3 G289l AdES
kst Abe] A4 £58 AANA 71 IS AN F AL X 4 °‘ﬁi°
B ZFHA(1994)9] ATl 2ol fEgasErt B BHSFE BX0) A=A
Hkeha FElEty] da Avp) BE WPAE A&HEg e M) b))
AEHA Amrb A b & 4 itk
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<Fig. 2> Changes of total acidity during fermentation period of Dongchimi with
natural carbonated used different kind of sugar.
A : Dongchimi prepared with sugar B : Dongchimi prepared with xylose
C : Dongchimi prepared with xylitol D : Dongchimi prepared with pear juice

3 A=

d% Wsl= <Fig. 3>3 2t}

o] FHE 22T A Ex Wshe 237~2.93% W E gF 22 049
W=7 7P B, A7 AR GEE AU g9 HYd) 2gEe & 4 dQeH
EE 73] wet o] Wske 42 2lolr) Uik ZH Wobed 2 Bdel 7
% 0111 HE7E JPHE B 7 BAAE sk

A 71ZPE A% ¥ishe A" Ar7bre B 99U 0Y0) 28302 s1 Eghe
™, 2E 55U 2412 7 Ygith AD2 2 FrlrE 98 3 0gd) 29302
7P #%em AA A TE J31 GEE Jepi T @ E U= 23408 bR w
dtk ALHE AT g BEY 0Yo) 28002 714 HQkom g 9o
243 o2 7P Gtk Wi AV 29 29 044 2.730.2 S Egka
B 599l 2372 P e dxe AA W F A 9= JUehick

HE 7IZb] 2 o 7 Ayl e gk wisE AWy g 2l 0
AD2 2> A > AL E > ulF W7o s durt B9kon, BF 2~5¢9 Ao
e ALE F7H7 ot BE 9~46Y Alololl= HE A 7o} A YE
pra=d

EFHE Y B2 9] $Xv] AXdo] @EV} APHFE Yol P S & F
Aer e Y, A A(1984)2] ATl A9} o] o} o goho] AhEQte] zjo|2
AEW o] 4R SEHI @ S99 Qo] FEIThe AR JUA(1997) S
Aol elshd FAWE Alzbo] Ago] wel Fx)v] 7o} Sx)u] x| Alole]

f=
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<Fig. 3> Changes of salt content during fermentation period of Dongchimi with natural
carbonated water used different kind of sugar.
A : Dongchimi prepared with sugar B : Dongchimi prepared with xylose
C : Dongchimi prepared with xylitol D : Dongchimi prepared with pear juice
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°olZ& ARk LEH7e dEle A A9 2t} glor o) B I Avels
EEI

4. Bt =

Exo] WilE (Fig 49 2tk

T FFE LT A7) BE Wshe 0.04~1.14 EHE 27 FU 099
S=7F P8 wsker Ztzt A1 geg v dast Agge) w43 sy
o 28 7R gEe Wl AvEY A9 rhTe 28 7Y 0 0042
7P Sk BhE 1999 1052 7 Bgton, s AdEEe wE 09
0.05, 0.04Z 71 gk} HE 320 0.99, 01322 LEB7] 60U7HA] H2] 7
2 Zpasiglon Wi A 9 99 0l 0.08, 2E 1994 1142 FHd
=R EE DA AR A2 B BF 29U 0YelE 7 AT w=
EOE W3} AT E 2dRY xial%“ﬁ g=7F 371k AFen 53
A% ME WS A9 AYHEY AYR2 WHTRD B BEE VehE
ofe MIRES 840 571817 AlFste] pHrt ZaH 7] AlFeke BE 5~15Y A}
olel @A3] S/

LR 7IRte] 2% uf 7} o] FRo) whE g wstE Avnd gg el 0~5
o Aeloll Wi H7he] BErh wghon, Wa 5~199 AloldlE AY22 W7t
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<Fig. 4> Changes of tubidity during fermentation period of Dosgchip with natural carbonated
water using different kind of sugar.
A ¢ Domgchimi prepared with sugar B Dongchini prepared with xylose
C : Demgchimi prepared with xylitol D . Dongchumi prepared with pear juice

T gyt 9@n 2F 15259 Aleldle BiE Azt g2 =4 vERsTh
olef 2o AFE F TEF1991) Y] AT o] HELTY BT SvE wErEe
BalEo] &= 7HE #7128 e 4§ Aolge A 397 519909 ATellA
HAE S wE 97 717 27 22 Aelg Pk
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Hof 2= Hike (Fig 5> 2k

T FHE €T AT A AuEY wEhs 2,525.3-59726 kg WHE LEIL I
sigel mhet ik Frietyon A2 FHof A Reet T A} Ao WEwy
7HA] A&He 7 RS

UE 7 wE Ay AU WEE 4HEW A9 FJriee w5 TYsl 0o
3,676.6° % WrE7 i ol whet Fah S8 WE 1990l 4,803.9 kg F Hof AT
EESHOH UE 60Wel 7R 5225253 keRitt AMLES AREE AVlTe A4 2E
2Y 55500 kg, YFE 259 59726 kg E  FW  AWEHEL
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<Fig. 5> Changes of maximum cutting force during fermentation period of Dongchimi
with natural carbonated water used different kind of sugar.
A : Dongchimi prepared with sugar B : Dongchimi prepared with xylose
C : Dongchimi prepared with xylitol D : Dongchimi prepared with pear juice

Eion BE 299 24z} 2339 kg, 2,580.2 kg0 2 71 Wokw wWiFE A Te B
FU 00l 3,270.0 kg2 & ¥HE 2590 Huj AwEo] 5,601.7 kgl & JelGoH
3HE 590 3,117.2 kgo 2 71 ggich

28 7IRYe] 2 o z} 3o o Ao Ao WsE dund 2E 0~99
Aololl= Bl H7b7 7 Egkom a 15~19Y Aleldle 2 M2 73t o)z}
AT LE 39~60Y Alojolle AAHE > viF > AYR2 > Mg H7fF O
Ao Aol £3n FE 15~60Y Aloldle ALAE B/ 7 B Uebs
=
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—_—

Sk o] wEy} AWPol wet Au) W) it AAS, olad5(1986)9]
Aol ofshe 23} 2L 27} o] Lolu} Mt 3T Felo) Z2E ARo] A
ot F3N F2EAZ 283l £357) gRolr Bado) Y F= AR
A dolr Bzt 1P whet 84 ARle 23 Frlsla, ZeEdARe
ZAase AN o) Y SAv7} asEs w}%}c} ZasE e
AlEET B3 34 (198902 EZY)9] Aol Yy i wEd oF
Zole}7| Rt AMEqtd) )8l ZA R o) L= 9 AT AEZ Q13 2o Wiz
ARG s om DY Ho) Aoy gat BE o5 AngE
=8 5 Akl 2 syt o Alole} Sk FEF Steinkaus(1983)9] Aol 2]3}
B SAm] YARL AFR 23] ME R F719 A} FF &3] w2} AE
Hol AR TAAA HEg gdu el dje 4] 9Ert F7ske o]
Aol e F=E 771 Aolet sk
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Ca®] W3} <Table 4>, Mg2] W3l (Table 5> ¢} 22t} Fx|u] x| A7} Fo
2ol Wshe 2av " wet FA Foeig Ak gastglen vl
ZFol BistE Zhgakol wiglel o] wrart gl Mz} Zrlslch 724askdch

AT A Ca Wshe BEY) wel 2 Frrsidon g Y 0Yol
AR A7 13322 71 vigton) wtEy) Nagol uhel BE 1994 54008
7P w9 A3 A2tk Ad22 Arbre g F 999 094 1522 bR

{Table 4> Changes of calcium content during fermentation period of Dongchimi with
natural carbonated water used different kind of sugar

Ttem Fe'rmentation Treatments
time(days) Sugar Xylose Xylitol Pear juice

0 133 1.52 1.52 147
2 364 330 3.68 3.26
5 337 3.11 372 334
9 3.68 3.15 3.60 4.09
Calcium content 15 535 523 5.95 557
;;ioncmmi 19 5.40 5.99 6.51 6.07
(%) 25 427 5.90 6.90 5.69
32 334 6.45 591 5.46
39 3.03 432 5.00 457
46 3.00 3.94 455 3.67
60 1.09 2.54 3.94 3.15

0 50 58 53 5.1
2 16.0 173 203 17.0
5 236 273 284 25.0
9 28.6 31.8 302 292
Calcium content 15 262 25.9 29.0 30.0
:afdi(;:inese 19 322 345 .1 372
%) 25 38.5 37.0 403 022
2 340 374 400 352
39 242 2538 35.6 28.5
46 20.1 298 34.8 270

60 15.2 25.5 322 232
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wsten RarE APyl net Ftsint 2E 32900 6452 7MY Egkon de
& WHE 9 9 09 1522 73 itk 2av) Agge) gt Srsit
EE 2590 6900% 7MY =& H1FS vehlic A Ao wE vk
© 099l 1.472 3} F7lsith @ 1999 6.072 71 wdehh A} stk

e T FA Fo} Ca Wishe FEA ule} M} Uit on Y AT

{Table 5> Changes of magnesium content during fermentation period of Dongchimi
with natural carbonated water used different kind of sugar

Fermentation Treatments
Item .
time(days) Sugar Xylose Xylitol Pear juice
0 3.1 39 36 34
2 56 5.1 55 5.0
5 559 8.18 8.54 14.3
9 12.0 12,0 829 929
Magnesium
aen 15 10.5 142 14.1 8.89
content
Donchimi 19 13.4 2.1 13.7 15.4
Juice 25 167 14.9 12.3 16.1
(mg%)
32 16.8 20.9 240 19.2
39 142 259 275 10.2
46 12.8 272 284 9.7
60 10.8 282 30.0 14.0
0 826 842 89.0 85.0
2 84.6 94.0 96.0 92.0
5 738 108.0 110.0 105.0
9 932 11222 118.0 98.0
Magnesium
15 1075 118 120.9 102.0
content of
Chinese 19 99.5 1110 118.0 110.0
radish 25 101.3 121.0 145.0 138.0
{(mg%)
32 912 1322 143.0 129.0
39 80.0 121.0 132.0 111.0
46 60.0 110.0 100.0 99,0

60 50.0 60.0 98.8 86.0
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= B3E A9 0l 5.000.2 7F wgton] wha 2599 3852 71 w3t} A}
Y22 H7HEE 0ol 5.8 BE 3290 3742 0B BY Badgon
A E Arhre B8 3 0ol 5302 P yikw whE 1994 4112 71
Ekor WigdrbrE 2g 23U 0ol 512 Hx Srsic) wE 25U 4222
7P ko wrayl xsge) wel ¥xl gastdoh

LE 7|70l 2w 7z} Dol o3 45 MBS vlws) B FXv] JA Y3} 7
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<Fig. 1—1> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added sugar at 2
day of fermentation.

<Fig. 1—2> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added sugar at 25
day of fermentation.

<Fig. 1—3> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added sugar at 46
day of fermentation.
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<Fig. 2—1> Scanning electron micros-
copic photographs of Dongchimi tissues
with carbonate water added xylose at 2
day of fermentation.

<Fig. 2—2> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added xylose at 25
day of fermentation.

<Fig. 2—3> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added xylose at 46
day of fermentation.
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<Fig. 3—1> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added xylitol at 2
day of fermentation.

<Fig. 3—2> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added xylitol at 25
day of fermentation.

<Fig. 3—3> Scanning electron
scopic photographs of Dongchimi tissues
with carbonate water added xylitol at 46
day of fermentation.
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<Fig. 4—1> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added pear juice at
2day of fermentation.

<Fig. 4—2> Scanning electron micro-
scopic photographs of Dongchini tissues
with carbonate water added pear juice at
25 day of fermentation.

<Fig. 4—3> Scanning electron micro-
scopic photographs of Dongchimi tissues
with carbonate water added pear juice at
46day of fermentation.
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