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Effect of Organic Acids Addition during Salting
on the Fermentation of Kimchi

In Kyung Park, Soon Hee Kim* and Soon Dong Kim
Dept. of Food Science and Technology, Taegu-Hyosung University,
Kyungsan, Havang 712-702, Kovea
*Dept. of Food Technology, Kimchon Junior College,
Kimchon Samlack 754. Korea

ABSTRACT

This study was conducted to enhance the shelf-life of Kimchi and to make the unique taste of Kimchi by
fermentation control. Kimchis, prepared by using baechu soaked in 1024 salt solutions containing 0.2~0.3%
organic acids (OS-Kimchi), acetic acid, citric acid (CA-Kimchi), lactic acid, its mixtures and formic
acid+acetic acid+fumalic acid+malic acid=citric acid(FAFMC), were examined for pH, titratable acidity,
sensory evaluation, the number of total microbe and lactic acid bacteria, content of organic acids and tex-
ture during fermentation at 10°C. The decrease of pH and the increase in acidity, CA-Kimchi showed lower
than those of control and various OS-Kimchi. Total microbe, lactic acid bacteria, content of lactic acid of
CA-Kimchi were lower than those of control. The hardness of CA-Kimchi measured instrumentally was
higher than that of control. Sensory scores of CA-Kimchi were also lower than those of control, so the
Kimchi maintained good crispness and overall taste.

Key words: Kimchi, Salting, Organic acids addition, Shelf-life enhancement,
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71& # o 4 S8, acetic acid(A), citric
acid(C), lactic acid(L) 2} 0.2%% 33t 10%
2gEoA 24M T A9t i, A+C+L(ACL) &
Z+z} 0.06, 0.08 2 0.06%5 3#ste 10% A5
ol A 24417t MU stHTh E Alglo] Aol & 712
=& 37] 9sld formic acid,
fumalic acid, malic acid 2 citric acidZ z}+7} 6.8,
0.3, 1.1, 289.6 ¥ 9.9mg% &3t 10% 2520
Y3 z@ez dYst (FAFMC)E v 3ly

o AFEEY 22w ALY 4221 12TA ¥

acetic acid,

dduiFe 52 7RI E 38 AFstn &

28w prof A g AP 2/ T F

FARAG 2 P ZhulF 3008, ohvk
A | ol

) 1
28, LE7HF 135 A AA
X o

oo 2

al
A 13

qJ 500ml So] fa2loel

it

4. pH 3 4

AXZA 7 FES F3te] polytron homogen-
izer(PT-1200C, Switzerland) & 3313 % 3749
Aolzg o3stgeny, pHy pH meter(Metro-
hm 632, Switzerland)Z, At%& 20mlE #H&ho]
pH 8.27F & w72 0.IN-NaOH 4oz g3}
of lactic acid %2 @43t

5. &R JarFs
AxFA 3 38 §3te] &4 polytrom homo-

genizer2 W3 F 37 o] HFAGZRE A3
o % ImlE # 38t 0.1% peptone+2 343t F
T+ plate count agar ®jx]¥ (tryptone 5g,
veast extract 2.5g, dextrose 1.0g, agar 1.5%, &
F9 1), #iFE& MRS u]=® (peptone 10g,
meat extract 10g, yeast extract 5g, glucose 20g,
Tween 80.1g, K.HPO, 2g, sodium acetate 35g,
MgSO, - 7TH,0 8.2g, MnSO, - 4H,O 0.05g, triam-
monium citrate 2g, E§FF 1/)E A& 38Col
A 48213 HAM IO F A7) colony & A S35
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ot} g, g A5 5,
000rpmd] A 20{?:{ LAY E F AAAE Sep-
pak C18 cartridged) ¥#2]17] 2 t}A] 0.2pm mem-
brane filter® o343t gNX& A|g2 s HPLC
{Dicnex 500)2 A3ttt HPLCY &A=z
column: ICE AS 6 (lonpac), mobile phase : (.
4mM hepiaflorobutric acid, 5mN tetrabutylam-
moniumhydroxide, flow rate: Iml/min, detec-
tor: conductivity, column temp, 257 ©]$ith.
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721
1] Z217}-& Rheoner(RE-3305 Yamaden,
Japan)& AMgsld Ax, FFA, 34, st 4
2 AEAE FRRY". ARe wFe B
R2E Som A9 FEE A7) 3x3emB BER R
L2 ¥ 2H2HE data HER): Q.1sec,
W5 5.0mm /s, preset 1: 7mm, preset II: 2
3], A B54: 10mm, plunger 2% : 5mmE 3l 3
3] Wre =X 3gdc)

B
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Hoh(24), 2EITH3R),
)= grhere,

(1),
BoH4g), o5 gl

9. EAHIME

RE datar 33 98 AY gz gAsl90
o, #5AA 2 227 e F94 FFHL SAS
package? 2] Duncan’s multiple testol} 2}&}g ),

I #=at o oH
L pH 2 &

=4%F pHS 1%d WslE 23§ Ao Fig,
1, 29 g} 2] pHE 25 29 5.639014 #
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Fig. 1. Changes in pH of baechu kimchi soaked wi-

th baechu which was salted in 10% salt sol-
ution containing 0.2% organic acids during
fermentation at 10%C.
Abbreviations : ACL; acetic acid(0.06%) +
citric acid{0.07%) + lactic acid (0.06%),
FAFMC ; {formic acid(6.8mg) + acetic
acid(0.3mg) + fumalic acid (1.lmg) +
malic acid(289.6mg)} + citric acid(9.9mg)
per 100mi of salt solution,
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Fig. 2. Changes in titratable acidity of baechu kim-
chi soaked with baechu which was salted in
10% salt solution containing 0.2% organic
acids during fermentation at 10C.
Abbreviations : ACL: acetic acid{0.06%) +
citric acid (0.07%) -+ lactic acid (0.06%),
FAFMC ; formic acid(6.8mg) + acetic acid
{0.3mg) -+ fumalic acid(1.lmg) -+ malic
acid(289.6mg) + citric acid(9.9mg) per
100ml of salt solution.
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Fig. 3. Changes in total microoganisms of baechu
kimchi soaked with baechu which was salted
in 10% salt solution containing 0.2% organic
acids during fermentation at 10°C.
Abbreviations : ACL; acetic acid(0.06%) +
citric acid (0.07%) ++ lactic acid (0.06%),
FAFMC : formic acid(6.8mg) + acetic acid
(0.3mg) + fumalic acid(l.lmg) + malic
acid(289.6mg) -+ «citric acid(9.9mg) per
100ml of salt solution,
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Fig. 4. Changes in number of lactic acid bacteria of
baechu kimchi soaked with baechu which was
salted in 10% salt solution containing 0.2%6 or-
ganic acids during fermentation at 10°C.
Abbreviations : ACL; acetic acid(0.06%) +
citric acid(0.07%) + lactic acid (0.06%),
FAFMC : formic acid(6.8mg) + acetic acid
(0.3mg) + fumalic acid(1.lmg) + malic
acid{289.6mg) <+ citric acid(9.9mg) per
100mt of salt solution,
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Table 1. Changes in organic acids content of baechu kimchi soaked with baechu which was salted in 10% salt
solution containing various organic acids during fermentation at 10C

Treatments Fermentation  Malic acid Citricacid  Lactic acid(L) Acetic acid(A) L/A

days (mg%) (mg%) (mg%) (mg%)
0 85.34 23.79 2.59 - -
5 65.34 22.28 2.69 1.64 1.7
Control 10 41.48 15.00 62.19 6.50 9.6
15 10.51 5.94 226.72 16.76 13.5
20 - 0.64 311.72 17.43 17.9
0 87.31 20.00 2.46 2.49 0.2
. 5 54.43 19.76 2.64 2.53 1.0
Acetic
2cid(0.9%) 10 40.37 11.78 50.73 8.55 5.9
15 9.48 6.10 134.88 9.74 13.9
20 - 1.52 180.00 13.88 12.9
0 59.94 22.64 2.02 2.03 1.0
. 5 60.55 19.78 2.06 2.08 1.0
Citric
2cid(0.2%) 10 36.09 13.49 48.84 8.04 6.1
15 7.30 4.30 231.08 15.16 15.2
20 - 1.20 208.92 15.91 13.1
0 68.81 17.51 2.55 2.18 1.2
. 5 68.81 17.91 2.73 1.82 15
Lactic
acid(0.2%) 10 47.09 16.54 39.90 7.15 5.6
15 2.45 - 184.68 15.00 12.3
20 - 3.60 210.20 13.45 15.6
0 63.76 63.76 2.38 2.07 Sl
5 62.88 62.88 2.46 2.17 11
ACL Y 10 45.39 45.39 41.04 8.13 5.1
15 13.21 13.21 196.72 15.91 12.3
20 - - 214.12 13.43 16.0
0 60.86 60.86 1.28 1.04 1.3
5 57.80 57.80 2.06 1.84 1.2
FAFMC? : 10 42.20 42.20 34.80 5.19 6.7
15 15.29 15.29 185.12 16.82 11.0
20 - - 210.20 13.45 15.6

D ACL : acetic acid(0.06%) + citric acid(0.07%) + lact
2 FAFMC: formic acid(6.8mg) + acetic acid(0.3mg) +
(9.9mg) per 100ml of salt solution.

7o) vste A Yt AL ol Ao £
A skt {Mﬂt}

2 H7HE o Ae Eil Eﬂ_m. 2 315%
4.

ic acid (0.06%).
fumalic acid(1.1mg) + malic acid (289.6mg) -+ citric acid

acid B7hze <tel BAHE VeI 23 o] oF
L EHAA LE 15YA 3138 S e 31 E 20
Aol = HH 23822 A3E AT Acetic acid
Hrhe2 dae] A ate] we} Alsto] ZajAA A
1594 3,98 Jebd F 24 2084 Brhds
7} 3.882 =z=}olrb glde}. Citric acid H7+#, ACL
H7h, FAFMC #7722 ¢33 d7| 78 53 =
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Table 2. Changes in sensory quality of baechu kimchi soaked with baechu which was salted in 10% salt sol-
ution containing 0.2% organic acids during fermentation at 10C

Fermentation period(days)

Treatments
0 5 10 15 20

Sour Control 1.0£0.0b C 1.7+0.1aC 2.8+0.1a B 3.8+0.8aAB 4.7+0.4a A
taste

Acetic acid 1.3+0.3a C 1.1+0.1bC 2.3+03b B  3.3+0.4bcB 46+0.3a A

0.2%

Citric acid 1.3+0.5a C 1.2+20.2bC  23x0.5b AB  2.9%£0.3c A 3.1+0.2d A

0.2%

Lactic acid 1.4+04aC 1.2+£0.2bC 2.7+0.2a B 3.4+0.4b B 45+0.6b A

0.2%

ACLY 1.3+£0.2aC 1.4+0.4abC 2.7+£0.3a B 3.3+0.4bcA 3.8+0.6c A

FAFMC? 1.1£0.2abC 1.2+0.2bC 1.9+0.5¢c BC 3.0+£0.7c B 4.3x0.3b A
Crispness  Control 45+0.5a A 41+03b A 3.2%£05cAB  3.0+0.4cB 2.9+0.5¢ B

Acetic acid 46052 A  44%0laA  34+0.8bB  3.3:0.8bB  3.1+0.5abB

0.2%

Citric acid 43+0.8a A 42+0.2a A 3.4+0.3b B 3.3£0.5b B 3.2+0.2a B

0.2%

Lactic acid 42+0.4b A 4.0+0.0b A 3.3+0.3b B 3.0x0.4c B 3.0+0.4b B

0.2%

ACLY 4.2+0.2b A 4.0+0.1b A 3.7+0.4aAB 3.7x0.2a AB 3.0x0.2bB

FAFMC? 42+05b A 4.0+0.3b A 3.5+0.4a B 3.3+0.9b B 3.1+0.4abB
Overall Control 1.7+0.3c D 2.1+£0.1c C 2.8+0.2c B 4.0x0.72 A 2.2+1.1d B
taste Acetic acid 23£05aC 26x03bBC 3.3+£03bB  3.9%0.9abA 3.8t1l.0c A

0.2%

Citric acid 1.9+£0.2bC  2.9+02aB  3.5:£0.0a AB 4.0x06aA  4.2+08a A

0.2%

Lactic acid 1.7£0.2c C 2.1£0.7cC 2.6+0.4d B 3.1+0.5¢c A 2.3x1.0dC

0.2%

ACLY 2.0+0.4bC 2.1+£0.2cC 2.9+0.4c B 3.4+0.3bcB 3.9%x0.4bcA

FAFMC? 2.3+04aC 2.8+0.7a BC 2.9+0.6c B 3.5+0.6b AB 4.0+0.8b A

UV ACL : acetic acid(0.06%) + citric acid(0.07%) + lactic acid (0.06%).
2 FAFMC : formic acid(6.8mg) + acetic acid(0.3mg) + fumalic acid(1.1mg) + malic acid (289.6mg) + citric
acid(9.9mg) per 100ml of salt solution.

Mean+S.E. of three experiments for each treatment, Scores :
strong, 5. very strong or good.

a~d) Different superscripts within a culumn indicate significant differences (p<0.05).

A~D) Different superscripts within a raw indicate significant differences (p<0.05).

TET gto] FouAM 2R 20UAANE FH 3

9~4.2% ¥R Ao gto] £ 7|7te] 54 A

= o dFH AT

5. =X

1. very weak or poor, 2; weak, 3: proper, 4:

D38 AL BE 1A AEZAN 32 Py
o} 2E 5G A kL F S A 2 o Fol e 7

A3tk &a dwrol] AXA citric acid 7tz
& A E vehdlo] wa 209717 73 B
=& Yep]lel o] 53 X FHe W F o

Ht
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Table 3. Changes in texture of baechu kimchi soaked with baechu which was salted in 10% salt solution con-
taining 0.2% organic acids during fermentation at 10

Fermentation days

Texture Treatments
0 5 10 15 20
Hardness Control 1.6+£0.4abAB 1.7+0.1a A 17+0.2b A 1.7+0.7abA 15+0.2b B
(x10’dyne /cm?) Acetic acid 0.2% 1.4x0.3b B 1.3x0.1a A 1.8+0.3abA 1.5+0.7b AB 1.3+0.0c B
Citricacid 0.2% 1.7+0.3aB 1.7+0.0aB 20+0.0a A 19+01laA 18%01aA
Lactic acid 0.2% 1.7+0.5a A 18+0.1a A 1.8+0.2abA 1.6+0.1abB 1.5+0.1bB
ACLY 1.8+£0.3a A 1.9+0.7a A 1.8%0.labA 1.430.4icB 13x0.0cB
FAFMC? 1.5+0.2abB  1.8+0.6a A 1.7+0.0b AB 1.7+0.4abAB 1.6+£0.0abAB
Adhesiveness Control 1.8+0.3abA 1.9£0.1bA 20x02bA 16+03B 1.2%+0.1bB
(x10*dyne /cm) Acetic acid 0.3% 1.7+0.1bB 2.0+0.1abB 4.6+0.22 A 21x02aB 1.4%0.1abC
Citricacid 0.3% 1.7£0.3b B 1.6+0.2cB 19+0.1c A 16%0.1cB 1.2+0.0bC
Lacticacid 0.3% 1.6%0.3¢c B 1.7%0.1bcB 1.0£08dC 1.8£0.1bB 2.3%01a A
A+CHLY 1.7£0.3b A 1.7£0.1bcA 1.6+£0.7c A 1.6x0.6c A 12+0.1bB
FAFMC? 2.0+x01a A 22+01aA 21£01bA 1.7+01bB 11x0.1bC
Cohesiveness Control 6.3+0.4a A 48+04aB 85+032A 10+03cC 4.2+08bB
(x1071) Aceticacid 0.2% 1.7+£0.5cC  0.9£0.2cC 23+0.2cB 6.3%+0.7aB 3.9+0.1bB
Citricacid 0.2% 1.8%+0.1cC 1.6+0.0cC 3.6+0.1bB 3.8%+02b A 5.8%01a A
Lactic acid 0.2% 5.4+0.2a AB 4.4+0.6a AB 6.2+0.1abA 4.4+0.0abAB 4.2+0.3b B
ACLY 3.0£00bA 21x+0.1bB 28+05bA 15+07cB 15x0.6cB
FAFMC? 3.5+0.4b A 26x0.3b AB 28+06b A 3.0£03bA 21+0.2cB
Brittleness Control 55+1.0a A 55*0.7aA 47+06aB 28+05bC 24+0.6bC
(x10°dyne /cm?) Acetic acid 0.2% 1.2+0.5b A 1.2+0.1b A 1.3+04bA 00x00cB 0.0+0.0cB
Citricacid 0.2% 5.5+1.7a A 56+06a A 53+05aA 50£0.6aA 46+042A
Lacticacid 0.2% 5.1+0.2a A 51%x06a A 4.7+0.0a A 4.3%+0.1a AB 4.0+1.1aB
ACLY 52+04a A 51x05aA 49+0.1aA 4.4%04a AB 43+0.9a AB
FAFMC? 55+02a A 54*0.3aA 51*x03aA 50+042aA 43%0.72AB
Gumminess Control 2.0£04aB 2.6+0.0aB 3.1+01aA 34022 A 3.4x08bA
(x10°dyne /cm?) Acetic acid 0.2% 1.9+0.2aB 2.6+0.5aB 2.8+0.7a AB 3.3+0.3a A 4.3%13aA
Citricacid 0.2% 13%0.1bB 232052 AB 2.70.2abAB3.0£0.5a A 3.2%0.4c A
Lactic acid 0.2% 1.8x0.7aB 2.7x0.4a AB 35+1.3a A 3.6+05a A 4.0x0.6a A
ACL 2.00.2a AB 2.6+0.6a AB 2.7+0.6abA 3.0£0.2a A 32%0.2c A
FAFMC? 2.0£0.0aB 2.3£0.92a AB 2.6+0.9abAB 3.4+0.5a A 3.4%20.4b A

b ACL : acetic acid(0.06%) =+ citric acid(0.07%) + lactic acid (0.06%).
2 FAFMC: formic acid(6.8mg) + acetic acid(0.3mg) + fumalic acid(1.1mg) =+ malic acid (289.6mg) + citric acid
(9.9mg) per 100ml of salt solution,

Mean=+S.E. of three experiments for each treatment,

a~d) Different superscripts within a column indicate significant differences (p<0.05).

A~D) Different superscripts within a raw indicate significant differences (p<0.05).
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