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The Changes of Pectic Substances and Enzyme Activity,
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Abstract

This study was intended to observe the changes of pectic substances and enzyme activities,
texture, microstructure of anchovy added kimchi during fermentation for 4 weeks at 4°C. Content
of alcohol insoluble solid(AIS) and HCI soluble pectin(HCISP) were decreased, whereas content of
hot water soluble pectin(HWSP) was increased during fermentation. Content of HCISP was higher
and HWSP was lower in anchovy added kimchi than control. Activity of pectinesterase(PE) was
decreased, whereas activity of polygalacturonase(PG) was increased during fermentation. In anchovy
added kimchi, PG activity was lower than control. Changes in microstructure of Chinese cabbage
and kimchi during fermentation was observed ; in the raw cabbage, parenchyma cells, intercellular
space and middle lamella were clearly shown. But in salted cabbage, middle lamella became separated.
In the late stage of fermentation, parenchyma cell walls were wrinkled and collapsed. Puncture forces
of kimchi were decreased, whereas cutting forces of kimchi were increased as fermentation proceeded.
The firmness was slightly higher in anchovy added kimchi than control at the late stage of fermen-
tation, which may be explained by the low PG activity.

Key words: kimchi, pectin, microstructure, texture

N B

AAe A" FAAA HATE 59 H71A
A Eel s gk HA davte] obd B W
3L B3t A7 Fo deHEFH opvinat
oA AL EAES AT 2N A Sh9 %
Wt =3 AR 9] A& B0 AR B o}

S5 A M E E d ¥ dedl), 24
e AFEY $4¢ 243e 54 82 39 sy
2 12 3L T8 mATERS 34 e &
3 A MErx g Az 7AQES DA B
A7 Sle Az A UckR). AAe §4 ¢
of 2] 23133 Hle) o) A e) A H T FA

L o o

*To whom all correspondence should be addressed

W3- shA e oleldt x2)zte] W3l middle
lamella®] F43#ql 9 P felo] 9lck3). F
44 =1"< protopectine] 4 A3 & F3te] o=
pectic enzymeE-oll ¢ 3le] 7}-&A ¥l (pectinic acid,
pectic acid)2.2 H3ls o] x2]e] EX A H}.(4)
o}7]el #3lE AL ERE pectinesterase(PE)S}
polygalacturonase(PG) 5-°1 Slt}. PG} PES] &4 ol
dEgL v gQo 2 227 Fg So] R
© 0§(5), 0.25M NaCl3} 20~50mM CaClw= x4 2%
9 AEE ZrHA AT B aE deke), B d7-elA
= 4 A Aol A w2 X o] Ariste] 21X €]
£ dste GX7L5e AdACl Axe 4 A
He) g £4 YA, 227} v A FE2d v A=

off 2 1f



a2 Art ANY £4 F A P, 22 B, 23S 24T e 471

F¥g A ngich
R

Mz

2 AY A AR F w3, vhE, A7, A
2| T2 AT T AR CAA, ZRVMF, vt
T oA, AR A AdA e A 7134 2
Zp el e g HAEE AHSstd

AzZx|el M=

72 e A% A9 vighu] = Table 154 2}
o714 A A& wighlE P AL $3
ZAF A ol A FeH o2 $icta vehd 71X ¢
i ghe]E aigte s dx2F A E A, GA 7R A
A E 71 AAE 47 Be CTFo= st AAE
Azatgch Al vy A 32 14272 v
F10% 2FE03 FA o 25000l A 1047 &
A Feobrt Al A 39 5 3417 B Wi
Fdo] M FE A= 4% u)d B WY
ste] 4°CollA] A Ao, AR e &F
2 xe} &4 1 2 3 45A gsdch

Held &5

HE|Rlo| 5

dF Bl ARAL § 5 (N9 e Al8-3
o 7] 30g 59| ¢& £84 13 ¥ (alcohol insoluble
solid, AIS)& F&s3l4c} AIS 05g2 2 HE 2/,
sodium hexameta phosphate, HCl $& 42 3}o
47144 # €l A (hot water soluble pectins, HWSP),

Table 1. Composition of kimchi

. Samples
Ingredients

A B C
Salted Chinese cabbage 1kg lkg lkg
Garlic 12g 42g 4A2g
Ginger 8.8¢g 88g 88g
Red pepper powder 90g 90g 90g
Fermented anchovy sauce 125ml 125ml 125ml
Raw anchovy - - 50g
Dried anchovy extract (water 83ml) 83ml 83ml
Anchovy powder - 625g —
Waxy rice gel 30g 30g 30g

A: Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi

sodium hexametaphosphate soluble pectins(HXSP),
o4} 714-4 €A (HC) soluble pectins, HCISP)& #
#slydct. o] #£3 wAE Fig. 1% 2
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Kimchi

[ 75% EtOH 100ml
Blending(1min.}

Refluxing in boiling water bath(15min.)
| Cooling
Filteratlion
[ |
Residue Supernatant
l Acetone 20ml, drying

(45°C, 48hrs.)
AlS

' Distilled water 100ml
Refluxing in boiling water bath(1lhr.)

‘ Cooling
Centrifugation(3,500rpm, 40min.)
! 1
Residue Supernatant(HWSP)

0.4% sodium hexametaphosphate 100ml
Standing at room temperature(4hrs.)

Centrifuglation(B,SOOrpm, 40min.)

[ [

Residue Supernatant(HXSP)
l 0.05N HCI 50ml

Refluxing in boiling water(lhr.)
! Cooling

Centrifugation(3,500rpm, 40min.)

N |

Residue Supernatant(HCISP)

Fig. 1. Scheme for separation of pectic substances from
kimchi.
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Table 2. Conditions for texture analysis by Instron

Puncture test Cutting test
Maximum force 5kg S5kg
Cutting speed  50cmy/mim 50cm/min
Chart speed 100cm/mim 100cmy/min
Probe type 0.6mm stainless steel rod Knife
Sample size 5X10cm 2X3cm
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Fig. 2. Tissue processing of kimchi for SEM.
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Fig. 3. Changes of alcohol insoluble solid(AIS) content
during fermentation of kimchi at 4°C.

A Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi
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Fig. 4. Changes of hot water soluble pectins(HWSP)
content during fermentation of kimchi at 4°C.

A: Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi
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Fig. 5. Changes of sodium hexametaphosphate soluble
pectins(HXSP) content during fermentation of
kimchi at 4°C.

A Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi
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Fig. 6. Changes of HCl soluble pectin(HCISP) content
during fermentation of kimchi at 4°C.

A: Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi
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7. Changes in pectinesterase(PE) activity during
fermentation of kimchi at 4°C.
A: Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi
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Fig. 8. Changes in polygalacturonase(PG) activity dur—
ing fermentation of kimchi at 4°C.
A: Control kimchi
B: Anchovy powder added kimchi
C: Raw anchovy added kimchi



H3) vt A9 s4 F

ZE|Zte| s}

AFAHPL FHo) AN8E AT o A3 Y9
INE SAGoEN A E A HEE 2Hsle
o el A w3 Y 54 dE A2 punc-
ture test2 H8 QL& AKX 24 x]& Table 3% 2t}
Caliperell 98 229 FAE 3¢ A4 QoS
0516mm, @Y= 0413mmelgich A =9 A%
Aol AP we} 229 FAE HA PFadde
o), o2’k vl 2] FA i AE F2AWY 3]
o gr)e} £ E SAd g oz Rolxir) 249
A% ZFH A& Q) 37} 2.34kg, GAY W37} 2.77kg
o]AaL, AR A= 2FAVR = 2.65~2.82%kg ¥
o 354 Fe padr] Aatsld 4FH =
162~2.15kg & {3 2aslgdc) Axe] FHE
A A7) AE A A rbe] & )8
%A 27l AE 2A A i A ebgh ol
%A F EA7LRe A" HrlEe PG A EX
PE &A1& Fol A 22 9] A =ob WA #A7 =
Heige] 2Ad Qe 3 GEes Halr,

el =2l Al A4 AErt o E A Ad

A g9, B 94, 2AFF vlAFRe] W8 475

=g 248 A7+ Table 49 2o} w39 2 o)
AgE 2 164kgold o) AdulF9] B4+ 267keg
2.2 Z2rlee o, e £40] Y42 AP
o} Zy=Elgit}. o] B(11)Y B3 28t w59
Aok e FAd o s oF 3~5u F7HIchE e
o 9k 22002 A AL 54 7)7ke] AjASE
Aty o] gtk a Rustgdc) wlde e 9
& W 5=qd AlX WH-o F]e AALY R £F 0
2t Al xo] & 1A 3 EAAA B2 T HA e
A e Af4y DErl 271381 o] 7le] ARG HPEE
Z7 A7 AR AL RETH2L).

OIMTES et

Age] 2475 RAV e AE 239 T2E
4 E(parenchyma cell)?} < (middle lamella), A
E7} ZZk(intercellular space)ol] & A EH 2 A
E ato)ol] Fak] 2 RE E o} gl F7)olth(22). X
o} e AANFe GA LA A F 2y o S
Hslel v Bo] o] 239 Axuh Xy Fgo &
%, gyl 9} -2 Tz wiste] ofs] H.Axjo] B4

Table 3. Changes in puncture forces of raw, salted Chinese cabbage and kimchi (unit : kg)
Samples
Fermentation period{weeks) A B C
Thickness” Value Thickness Value Thickness Value
Raw Chinese cabbage 0.516+0.002? 2.34%0.13 0516+0.002 2.34%+0.13 0516x£0.002 234+013
Salted Chinese cabbage 0413+0.002 2.77+0.08 0413%0.002 2.77x0.08 0413£0.002 2.77+0.08
1 0.383x0.003 2.79%0.16 0.385+0.006 2.87+0.02 03760010 2.75+0.74
2 0.383+0.013 2.75%£1.06 0.381+£0.007 2.82%+0.19 0.382£0.004 2.65+0.08
3 0.375+0.011 2.40%0.11 03740016 2.30%=0.20 0.380x£0.009 2.35+053
4 0.332+0.004 162042 0.342+£0.007 2.14+0.19 0.348+£0.017 2.15+0.11
Dynit - mm, ~Mean=SD
A: Control kimchi, B: Anchovy powder added kimchi, C: Raw anchovy added kimchi
Table 4. Changes in cutting forces of raw, salted Chinese cabbage and kimchi (unit : kg)
Samples
Fermentation period{weeks) A B C
Thickness" Value Thickness Value Thickness Value
Raw Chinese cabbage 051400122 1.64+0.13 0514£0.012 1.64+0.13 0514£0.012 164+0.13
Salted Chinese cabbage 0.410+0.006 267=0.02 0.410+0.006 2.67+0.02 0.410+0.006 2.67+0.02
1 0.389+0.008 3.24+0.17 0.391+0.024 323+0.11 0.394£0.023 3.25x0.10
2 0.380£0.013 3.32+0.12 0.389£0.007 3.39%+0.06 0.388£0.014 346*003
3 0.362+£0.015 3.30*0.07 0.371+£0.009 3.40+0.04 0.379+£0.013  3.43%+0.11
4 0.354=0.008 3.39*0.08 0.358+0.009 3.41+0.08 0.360+0.003 3.42+0.10

(U 2
Punit : mm, ?Mean+SD

A Control kimchi, B: Anchovy powder added kimchi, C: Raw anchovy added kimchi
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Fig. 9. Changes in microstructure of Chinese cabbage and kimchi as shown by SEM.
A:Raw cabbage showing parenchyma cells, intracellular space(Is), and middle lamella(arrow)
B: Salted cabbage showing middle lamella separated cells
C:Kimchi at 1 week showing parenchyma cells
D: Kimchi at 2 week showing parenchyma cells
E: Kimchi at 3 week showing parenchyma cell walls wrinkled
F: Kimchi at 4 week showing cell walls collapsed(arrow)
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