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A study on the change up chlorophyll
due to the fermentation of Kim chi
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<Abstract>b

This investigation was attempted to determine changes in chlorophyll.

Pheophytin content PH and titratable acidity during young redish Kim chi fermenta-
tion. Young redishes divied in to leaf and vein and fermented in dark room for- 35
days at 10°C after pickling each group.

Samples were collected at 5 .days interval for the chemical analysis.

The following results were obtained.

1. Chlorophyll content in young redish was decreased by decreasing PH during
fermentation periods. Chlorophyll content decreased from 11.60mg/g to 7.62mg/g
in leaf, ‘

from 0.48mg/g to 0.33mg/g in vein respectively during 35 days fermentation
periods.

In contrast to chlorophyll

pheophytin content increased as chlorophyll content decreased during the period.

The ratio of chlorophyll a and b content in young redish about 3: 1 in leaf and
vein and decreased nearly the same ratio during fermentation periods. In case of
pheophytin a and b it was increased without any relation with the rotio chlorophyll
a and b.

In genernaily, the optimum PH for eating was known 4.3 to 5.0

Young redish Kim chi was reached the optimun PH at 15 to 25 days of ferment-
ation at 10°C.

At this periods. Chlorophyll content varied from 11.32mg/g to 9.30mg/g for leaf
and from 0.43mg/g to 3.37mg/g for vein, respectively.

2. Titratable acidity(as lactic acid) was increased to 0.54% in leaf at 20 days

fermentation period during Kim chi fermentation. and nearly unchanged until 30days.
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At the end of fermentation period the titratable acidity was about 0.30%.

- Titratable acidity was increased as decreasing pH. and the correlation coefficients

was —0.92 in leaf and —0.77 in Vien.

3. Correlation between titratable acidity and chlorophyll,

was not significant statistically.
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Fig.1. Determination of Chlorophyll and Pheophytin Contents in Kimchi
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Fig.2. Changes in titratable acidity during Kim
chi fermentation (as lactic acid)
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Table.1. Analysis of Variance of the titratable
acidity during Kim chi fermantation

lSOurceS D.F. MS. F

Total 20

Replicates 2 0.0009 1.86
Leaf | o eatments 7 0.1030 206.00%*

i Error 11 0. 0004

Total 20

Replicates 2 0.0034  8.50
Vein | Treaiments 7 0.0513 128.25%*

0. 0004

| Error 11

** Significant at 0.01 level of probability

Table 2. Changes in titratable acidity during
kim chi fermentation®

Replicates ‘ |
fermenta- I I ( )il 4 Mean®
tion perio- i
ds(days) | :
5 o,wJ 0,22'1 0.20] 0.20e
10 0.25 .27 0.27 0.26de
15 0.38 038} 0.38 0.38b.e
Leaf 20 0.5 56 0.5 0.5
25 0.51 g 55 0.58 0.562
30 0.44 ( 44 0.44] 0.44b
} 35 0.36! 037 0.33 0.33.d
s 0.08 0.07 0.08 0.07ed
1 ] 10 § 0.15 0.15 0.17, 0.15¢
)' 15 | 0.25 0.25 0.25 0.25¢d
Vein 20 t 0.25/ 0.24) 0.30) 0.28b.c.d
25 | 0.33 0.32 0.41] 0.35a.b
30 | 0.32] 0.3¢ 0.41 0.35a
| 35 | 0.30 0.29 0.33 0.30abc

Note: 1) expressed as % lactic acid
2) The mean value followed ley the same
letter are not significantly different at

0. 05 level
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Table.3. Analysis of variance of PH change
during Kim chi fermentation

‘ Sources D.F. MS. F.
Total 23
Replicates 2 0.08 1.33
Leaf | Treatments 7 0.85  14.17**
Error 14 0. 06
Total 23
. Replicates 2 0.18 4.50
Vein | Treatments 7 1.22  30.50%*
Error 14 0.04

** Sjgnificant at 0.01 level of probaility

Thle. 4. Changes in PH during Kim chi fermen-

tation
Replicates
fermentat- I | I Mean?
ion periods
(days)
0 5.95! 5.90| 5.90{5.91a
5 6.29 6.16 6.256.23a.b
10 5.45 5,35 5.25 5.35b.c
Leaf 15 5.20; 5.20, 5.10|5.16¢
20 4.80 4.75 4.80/4.78c
25 4.89 4.86 4. 92{ 4.89c
30 4.58| 4.90] 5.22 4.90c
35 4 95i 4.31 5, 59( 4.95¢c
0 5.50] 5.47| 5.52|5.49a
5 5.73| 5.82] 4.68|5.74b.c
10 4, 75l 4.80! 4.70 5.75a.b.c
. 15 4.70 4.70| 4.60|4.66a.b.c.d
Vein 20 4. 50‘ 4.60, 4.00| 4. 56a.b.c.d
25 4.13; 4.29] 3.93/4.11e
30 3. 831 3.78 3.78|3.7%
35 3. 955 3.920 3.94/ 3.93¢e

Notes: 1) The mean value followed ley the
same letter are not significantly dif-
ferent at 0.05 level.
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Table.5. Analysis of variance of total chloro-
phyll during Kim chi fermentation

Sources D.F. M.S. F.
Total 23
Replicates 2 0. 005 0.20
Leaf
Treatments 7 8.186 19.26**
Error 14 0.425
Total 23
) Replicates 2 0.0018 1.50
Vein
Treatments 7 0.0090  7.50%*
Error 14 0.0012

** Significant at .01 level of probalility.

Table.6. Changes in total chlorophyll duirng
Kim chi fermentation®

Replicates

fermenta- 1 I il Mean®

tion perio-

ds(days) |
\ i 0 11.10] 11. 44 12,24 11.60a
f 5 11.58 11.13‘ 1121 11.50b.c
[ 10 10.00 12.81’1‘ 11.32 11.38a.b.c
| Leat 15 11.10; 11.22 11.34 11.32a.b.c
| 20 11.10 11. 29 10.85 11.10a.b.c.d
| 25 10.07, 10. 57} 10.67, 9.30e
| 30 ‘ 7.26! 7.97 7.62 6.62e
\ I 7.04 7.53# 7.86 7.86e
| ‘ 0.490 0.48 0.47, 0.48a i

! | |

! 0.44 0.44 0.44 o0.4dab |
| 10 0.40‘ 0.45 0.47 0.44ab.c |
JVem 15 0.48‘ 0.39 0.42 0.43a.b.c.d
| 20 0.47) 0.35/ 0.35; 0.39a.b.c.d
i 25 0.35 0.37 0.40 0.37b.c.d
; 30 0.35] 0.29 0.3¢ 0.33d
| 35 0.35, 0.32 0.333 0.33d ;

Notes: 1) expressed as mg/g D.W.
2) The mean value followed ley the same
letter are not significantly  different
at 0.05 level
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Table. 7. Analysis of variance of chlorophyll a
during Kim chi fermentation

Sources D.F. M.S.

Total 23

Replicates 2 0.13 0.68
Leaf | Treatments 7 3.76 19. 79**

Error 14 0.19

Total 23
) Replictes 2 0.0003 0.30
Vein | Treatments 7 0.0042 4.20%

Error 14 0.0010

* Significant at 0.05 level of probability
** Significant at (.01 level of probability

Table. 8. Changes in Chlorophyll a during
Kim chi fermentation®

Replicates
fermenta- I I n Mean?®
tion perio-
ds(days)
0 8.14 8.45 8. 38% 8.32a
5 8.34 8.41| 7.98 8. 24a.b.c
10 7.23 8.58 8.13‘ 7.98a.b.c.d.e
Leaf 15 7.67 8.29) 8. 90‘ 8.29a.b
20 8. 38| 8.15 7.70i 8.08a.b.c.d
25 7.817.29 6.52 7.04a.c.d.e.f
30 5.42) 6.01 5.02 5.48g
35 6.17 5.77 6.22 6.05f.g
10.34 0.35 0. 33‘ 0.34a
5 0.33 0. 311 0.32 0.32a.b
10 1032 0.27) 0. 21/ 0. 27a.b.c
\ ‘
20 0.29 0 24’ 0.25 0. 26a.b.c
25 . 0.25. 0.26 0.28 0,26a.b.c.
|
30 0. 26} 0.22 0. 27‘ 0. 25a.b.c
35 | 0. 27, 0.23) 0. 25‘l 0. 25b.c

Notes: 1) expressed as mg/g D.W.

2) The mean value followed ley the same
letter are not significantly different at
0.05 level

Table.9. Analysis of variance of cholrophyll
b during Kim chi fermentation

’ Sources D.F. M.S. F.
[ Total 23
Replicates 2 0.01 0.13
Leaf T Kok
reatments 7 1. 20 15. 00
Error 14 0.08

WEEH L &K

Total 23
) Replicates 2 0.0010 2.5
Vein | Treatments 7 0.0028 7.00%*
Error 19 0. 0004

** Significant at 0.01 level of probability.

Table, 10. Changes in chlorophyll b during
Kim chi fermentation®

Replicates
fermenta- I il il Mean?®
tion perio-
ds(days)
0 2. soi 2,90, 3.05| 3. 15a.b
5 3.25, 3.38 3.15 3.26a
10 2.77 3.40 3.19/3.12a.b.c.d
Leaf 15 3.29 3.03 3.10 8. 14a.b.c
20 3. 27i 3.13 2.873.09a.b.c.d.e
25 2.57 2.45 2.812.45b.c.d.ef
30 1.84; 1.96 1.47, 1. 76f
35 1.76 1.76, 1.86 1.80f
0.16 o.19; 0.150.17a
0.15 0.13 0.14/0. I4ab.c
10 0.13 0.15 0.16/0.15a.b
Vein 15 0.20 0.15% 0.14] 0. 16a.b.c
20 | 0.17] 0.14! 0.15/ 0. 15a.b.c
25 | 0.14 0.11] 0.14 0. 13a.b.c
30 i 0.15{ 0.08’ 0.07] 0. 10a.b.c
35 0.08; 0.08 0.08,0.08¢

Notes: 1) expressed as mg/g D.W
2) The mean value followed ley the same
letter are not significanlty different at
0. 05 level
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COOC,0H,
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AL ¢hlorophyll 9 .2k 4 71 VE}b=6] uls] 4] phe-
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Table. 12 ¢} #v}. total pheophytin-2& ¢ 7
S AAE 9.53mg/g A 35 HA 13.97mg/g o
2 S7hga 499 A9 4A4E 0.38mg/g el
A 35 HA 0.84mg/g 22 &7 &L & £
ook

Chlorophyll &+2F9] zh&-o] gie]4 9 7
25 HE, 498 7% 30 HAE Y =4
such o] ge ok Fb {AL B gy

Pheophytin a 9] Wl 3}%= Table. 14 9} 23 phe-
ophytin b & W3} Table. 16 5} 7}, Pheoph-
ytin a, pheophytin b& &, 994l 4 phe-
ophytin a 2t}. pheophytin b &l F7}§-0] =4
veERdE 4 5 e

Clydesdale, Francis* 5-& Spinach ¢ chlor-
ophyll W32 A& sg v 155°FeA 1043
blanching & -2 chlorophyll a7} 12449 A
Z%F 1.36¢ moles/g D.W.oll4 0. 00x moles/g
2.2 749 3, pheophytin a & 5.24x moles/g
ol A 0.81x moles/g 22 714 oxd, 155°F o
AMgCo; 24 PH adjusted &+ A o} 10 437+ bla-
nching 3 Z-2 chlorophyll a 7} 2,40 moles/g
A4 1249 A & 0,00x moles/g o2 74
# 2, pheophytin a 0.93x moles/g o] 4 12
AY A & 3, 924 moles/g o] gl v}

%, kb, FP T o G g o el
3l of Tl A chlorophyll a2 dutx oz s}
A2zl Aol A whel F&dE 7 gk gl o
pheophytin 4 41-& chlorophyll &-8ke] zt4%te)
wtel S7Hktar Roa dhgl o)

chlorophyll

4o

'

=

¥R

%, AR 44 w2 chlorophyll 8 4%
pheophytin & S7}4& & 4 ¢3ioh  Chlo-
rophyll 3} pheophytin ] AFaA =& deo} —0.87
oj=, 4ol ~0,71¢] =% chlorophyll & zt&
9} pheophytin 9 F7} &4 F w4
Bl et

Table. 11. Analysis of variance of total pheoph-

yton during Kim chi fermentation

Sources D.F. M.S. F.
Total 23
Replicates 2 0.13 0.28
Leaf | Trcatments 7 5.82  12.65%*
Error 14 0.46
[ Total 23
) Replicates 2 0.0008 0.17
Vein | Treatments 7 0.0835 18.15%*
Error 14 0. 0046

** Significant at 0.01 level of probability

Table. 12. Changes in total Pheophytin during

Kim chi fermentation®

{ Replicatesf ’ [

| fermenta- | l I| I Mean®
| tion perio- ] ! i

| ds(days) [ !

‘ 0 8. 88{ 9.95) o. 76{ 9.53d

; 5 11.32 9.1810. 25/ 10. 25¢.d

i 10 10. 25]10. 63i11. 01" 10. 63c.d

| Leaf 15 11.19\11.3811.00\ 11.19b.c.d
! 20 [10.9811.4611.22 11.2%b.c.d

| 25 |12.20111.6011. oo"' 11. 60b.c
| 30 |12.0012.61(13.22 12.61a.b
35 [14.9413.0013.97 13. 97

0.40, 0. 40/ 0.34 0.38f \
5 0.47/ 0.41 0.42 0.43¢.f
| 10 1 0.55 0.62 0.56 0.58c.d.e.f
| Vein 15 0.55 0.70 0.64 0.63b.c.d.e
‘ 20 0.83 0.63 0. ss" 0.71a.b.c.d
‘ 25 0. 65/ 0. 72/ 0.76 0.71a.b.c
| 30 0.80 0.74 0.89 0.81a.b
‘ 35 0. 91,‘ 0.79, 0.83 0.84a

Notas: 1) expressed as mg/g D.W.
2) The mean Value followed ley the same
letter are not significantly different at
0.05 level
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-“Falile. 13.. Analysis of variance of :pheophytin
a during Kim chi ‘fermentatiorn

- Sources D.F. M.S. F.

Total 23
Replicates 2 0.02 0.17
Leaf *
Treatments 7 0.47 3.92
Error 14 0.13
Total 23
. Replicates 2 070102 20.40
Vein T %%
reatment 7 0.0033 9.60
Error 14 0.0005

* Significant at (.05 level of probability
** -Significant at 0. 01 level of probability

Table. 14. Change in pheophytin a during
Kim chi fermentation®

Replicates

fermenta- 1 I Mean®

tion perio-

,‘ds(days)
0 8. 55{ 8.22 7.89| 8. 22b.c
5 8. 67’ 8.96| 8.35/ 8. 66b.c.d
10 8.86! 8.80| 8.80|8.82a.b.c.d

Leaf 15 10151 8.99] 8.99] 9. 37a.b
20 9.00] 9.40| 9. 95| 9. 45a
25 9.75| 8.85| 8.95/8.84a.b.c.d
30 9.54 8. 80‘ 8.27/8.87a.b.c
35 8.60) 8.80| 8.64 8. 68a.b.c.d
0 0. 23; 0. 22‘ 0.34{ 0. 27¢
5 0.30 0.29) 0.27 0.29c.d.e
10 0.33 0.34] 0.31]0.33a.b.c.d
Vein 15 0. 35{ 0.34] 0. 28/ 0.33a.b.c

20 0.30 0.30, 0.25( 0. 28c.d.e
25 0.35| 0.31] 0.43] 0.36a
30 0.34 0.30 0.37| 0.34a.b
35 0. 37{ 0.32] 0.33 0. 32a.b.c.d.e

Notes: 1) expressed as mg/mg D.W.
2) The meanvalue followed ley the same
letter are not significantly different at
0. 05 level

Table. 15. Analysis of variance of pheophytin
b during Kim chi fermentation

Sources D.F. M.S. F.
Total 23
Replicates 2 0.91 15.16
Leaf 5K
Treatments 7 1.42 23. 67
Error 14 0.06

Total 23
. Replicates 2 0.0005 0.10
VeIl | Treatments 7 0.0538 10.98%*
Error 14 0.0049

** Significant at 0.01 level of probability.

Table. 16. Changes in pheophytin b during
Kim chi fermentation

Replicates

fqrmontg- I I il Mean?®

tion perio-

das(days)
0 1.71] 1.48] 1.25/ 1. 48f
5 1.40] 1.90] 1.17] 1. 49f
10 2.73| 2.73 2.73/2.73a.b.c

Leaf 15 2.64 2.20| 2.24] 2. 25¢c.d.e
20 2.36 2.63| 2.09| 2. 36c.d.e
25 2.03) 2.94) 2.50) 2. 49a.d
30 3.19| 3.10| 3.25/ 3.18a.b
35 3.35 3.40| 3.30 3.35a
o |o.10 0.11i 0.12 0. 11e
5 10.19/ 0.13 0.13]0. 15¢
10 026 0.2/ 0.28] 0. 26c.d.e
Vein 15 j 0.20 0.28 0.38 0.29a.b.c.d.e

20 J 0.48] 0.34] 0.22/ 0.35a.b.c.d
25 0.30| 0.41] 0.33 0.35a.b.c
30 } 0.45 0.44 0. 52l 0.47a.b
35 ] 0.54) 0. 47J 0. 43! 0.48a

Notes: 1) expressed as mg/g D.W.
2) The mean value followed ley the same
letter are not significantly different at
0.05 level.

5. Correlation

g% 7% <4% chlorophyll &3 3} phe-
ophytin &=k w3l, PHw 3, titratable acidity
w359 ArakabAl 2 el = Table, 17 372t}

Table. 17, Correlation caefficient among PH
titratable acidity chlorophyll and

pheophytin
Correlation coefficient
Leaf Vein
PH and titratable
acidity —0.92 —0.77
Chlorophyll and phe-
ophytin —0.87 —0.71

R g — 20—



PH and chlorophyll | +0.73 \ +0.86
PH and pheophytin ‘l ~0.63 —0.88
Titratable acidity and :
chlorophyll ‘\ —0. 58(N‘S) —0.50(N.5)
\

Titratable acidity

andpheophytin | +0.48(N. S)’ -+0.61(N. S)]

PH ¢} acidity, chlorophyll 3 pheophytin PH
s} chlorophyll, PH ¢ pheophytin 8] A}=k3bA]
=9, 7] A5 Y4l e, PH3 chl-
orophyll uke] 1ES] AbzialA] o] v},

Acidity ¢} chlorophyll acidity ¢ pheophytin
o A s 4840 gt

V. & R

o]l A st el EA EHE dFAR Y
A 34 % chlorophyll, pheophytin, PH, titr-
atable acidity ¢ W&o =g A& A& 6o
L3 e AsE A9

1. 459 chlorophyll‘ﬂ- ZFo £4771% PH
7t Aatgld] whel F&stEe A%E JeRiglieh

Leaf 8] ¢ =413 dry weight % 11. 60mg/g
A 3507+ w443t 7.62mg/g &2, Vein
o glejA = 0.48mg/g ol 4 F 0.33mg/g
2= zHAskg e

Phoephytin -& chlorophyll #}&= 4l EH &= 7
ko2 Leaf 9 A% =4 9.53mg/gdl4 =
A X 13.97mg/g 2 & Vein & FA4A 0.38mg/g
oA 0.84mg/g o2 Zr}slg = .

Chlorophyll a & chlorophyll b 8] u]§--2 Leaf
9 Veine] gdeiA & 3:18 ZAstgEr o
9] Leaf 8} Veind] g4 472 T 7
g vlx3 AR LI

Pheophytin a,b 9 7 %% chlorophyll a,b 9]
v g3t AA gl F ]’“5‘ E A eE e g e

Iupd o A o] PH7F ¢ 4.3~5.0
o @ FHAelstx A ded 10°Col4 =
A AFAAE 156~25H Abele] o] A =9 PH
o] =gl e

A2 zA PHd =g35t¢-S =19 chlorophyll
9 w8 Leaf 11.32~9.30mg/g ©] 9.3, Vein
o] 0.43~0.37mg/g 2.2 ¥l @A gt

2. 7V%) %A F titratable-‘acidity(as lactic
acid)= Leaf & 79 2084 0 54%7A FohEk
tb QAE A E X% E 30H 0.44%2
ZH4etQm, Veind A 25 Hel 0.35%7HA
Z7}skebst 85H 0.30% 2 bAFh g oh. Titr-
atable acidity & &7t wte} PH Y zZ&rst v
byt o lactic acid & oFe] Hoid «f PHIF
7t e AL ok gleh

o] &8} AaAl4E Leafst Vemd 79 —
0.92 8% —0.77 & 27 epytet

3. Titratable acidity ¢ Z7}¢} chlorophyll &t

2F pheophytin &uFe| AtalA & HiEHoe] Vel
S

2 % X M
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