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The Contents of Organic Acids, Nucleotides and
Their Related Compounds in Kimchi Prepared with
Salted-Fermented Fish Products and Their Alternatives

Douck-Choun Park*, Eun-Mi Kim, Eun-Jin Kim!, Young-Myung Kim and Seon-Bong Kim'
Korea Food Research Institute
'Faculty of Food and Biotechnology, Pukyong National University

Organic acids, nucleotides and their related compounds (NRCs) of kimchi prepared with salted-fermented fish
products (SFFPs) and their alternatives were analyzed at each optimal fermentation (pH 4.21 0.2, acidity
0.6~0.8%) during fermentation at 20, 10 and 4°C, respectively. The pH and acidity levels of kimchi sharply
decreased and increased, respectively until each optimal fermentation period. The levels of organic acids and
NRCs in SFFP kimchi were affected by fermentation temperature and the type of additive. Compared with the
control, organic acid levels were slightly higher in kimchi with alternative additives, as were NRC rates in kimchi
with hydrolysates of oyster and Alaska pollack. Moreover, slightly higher levels of NRC were observed in kimchi
with alternative additives than in kimchi with SFFPs. Consequently, these results show that fermentation
temperature and the type of additive (SFFPs and their alternatives) affect not only fermentation, but the levels

of organic acids and NRCs in kimchi.
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Fig, 1. pH changes of kimchi prepared with different kinds of salted-fermented fish products during fermentation at 20°C (A), 10°C

(B) and 4°C (C), respectively.

-O-: Control, -M-: Salted and fermented anchovy added kimchi, - & -: Salted and fermented anchovy juice added kimchi, -@-: Desalted and
fermented anchovy juice added kimchi, -[]-: Salted and fermented shrimp added kimchi, -/ -: Desalted and fermented sandlance added

kimchi.
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Fig. 2. Changes of titratable acidities of kimchi prepared with different kinds of salted-fermented fish products during fermentation

at 20°C (A), 10°C (B) and 4°C (C), respectively.

-O-: Control, -Il-: Salted and fermented anchovy added kimchi, - & -: Salted and fermented anchovy juice added kimchi, -@-: Desalted and
fermented anchovy juice added kimchi, -[]-: Salted and fermented shrimp added kimchi, - \/-: Desalted and fermented sandlance added

kimchi.
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Table 1. Organic acid contents (mg/mL) of optimally fermented kimchi prepared with different salted-fermented fish products

during fermentation at 20, 10 and 4°C, respectively

Fermentation T Optimally L L - L
temperature Kimchi with salted-fermented fish products fegnented Aceticacid Lacticacid Malicacid  Succinic acid
period (day)
Control 0.00 0.25 0.67 346
Salted and fermented anchovy juice added kimchi 1.11 0.47 2.09 3.13
Start Salted and fermented anchovy added kimchi 0.00 0.64 0.00 222
Desalted and fermented anchovy added kimchi 0.00 0.39 0.67 282
Desalted and fermented sandlance added kimchi 0.45 0.99 1.93 040
Salted and fermented shrimp added kimchi 0.00 037 0.00 1.47
Control 2 0.90 0.64 3.39 2.20
Salted and fermented anchovy juice added kimchi 2 4.88 0.33 2.35 2.15
20°C Salted and fermented anchovy added kimchi 2 341 0.50 4.21 242
Desalted and fermented anchovy added kimchi 2 6.29 0.78 3.98 2.06
Desalted and fermented sandlance added kimchi 1 278 3.18 2.49 2.03
Salted and fermented shrimp added kimchi 2 1.01 0.52 3.58 2.00
Control ’ 6~7 1.05 2.38 0.10 3.66
Salted and fermented anchovy juice added kimchi 6~7 123 2.50 0.09 4.49
e Salted and fermented anchovy added kimchi 5 098 3.28 0.15 5.20
Desalted and fermented anchovy added kimchi 1.00 2.30 0.59 3.64
Desalted and fermented sandlance added kimchi S 422 171 412 250
Salted and fermented shrimp added kimchi 6~7 1.21 3.60 0.31 5.25
Control 33 0.89 1.62 0.03 2.73
Salted and fermented anchovy juice added kimchi 21 0.43 0.79 0.04 261
£C Salted and fermented anchovy added kimchi 21 1.18 242 0.12 2.89
Desalted and fermented anchovy added kimchi 21 0.82 251 0.30 2.50
Desalted and fermented sandlance added kimchi 21 3.19 1.38 1.51 3.99
Salted and fermented shrimp added kimchi 33 3.84 0.56 1.54 2.35
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A3 ole] AFWele AIZ XA TH
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Table 2. Contents of nucleotides and their related compounds (umol/mL) of optimally fermented kimchi prepared with different
salted-fermented fish products during fermentation at 20, 10 and 4°C, respectively

) Optimally
ﬁZ?pzr;iEroen Kimchis with salted-fermented fish products feg:ﬁg:fd ATP ADP AMP MP HxR
(day)

Control 0.18 0.14 0.54 0.14 0.02

Salted and fermented anchovy juice added kirmchi 0.20 0.07 0.50 0.12 0.01

Start Salted and fermented anchovy added kirnchi 0.13 0.12 0.38 0.12 0.01
Desalted and fermented anchovy added kimchi 0.36 0.27 0.68 0.12 0.04

Desalted and fermented sandlance added kimchi 0.22 1.03 022 0.64 1.23

Salted and fermented shrimp added kimchi 0.10 0.01 0.19 0.05 0.01

Control 2 0.06 0.02 0.16 0.14 0.02

Salted and fermented anchovy juice added kimchi 2 0.03 0.16 0.09 0.07 0.01

20°C Salted and fermented anchovy added kimchi 2 0.42 0.09 0.11 0.17 0.01
Desalted and fermented anchovy added kimchi 2 0.04 0.20 0.15 0.07 0.05

Desalted and fermented sandlance added kimchi 1 0.35 272 0.28 1.11 332

Salted and fermented shrimp added kimchi 2 0.05 0.18 0.03 0.09 0.01

Control 6~7 trace 0.05 0.21 0.05 0.23

Salted and fermented anchovy juice added kimchi 6~7 0.20 0.00 0.03 0.14 0.80

1°C Salted and fermented anchovy added kimchi 0.31 0.21 0.32 0.85 041
Desalted and fermented anchovy added kimchi 4 0.02 0.02 0.73 0.05 0.10

Desalted and fermented sandlance added kimchi 5 0.36 2.31 0.33 0.75 1.13

Salted and fermented shrimp added kimchi 6~7 0.00 0.11 0.54 0.08 023

Control 33 0.01 0.03 0.29 0.28 0.99

Salted and fermented anchovy juice added kimchi 21 trace 0.03 0.15 0.13 1.93

4C Salted and fermented anchovy added kimchi 21 031 0.12 0.39 0.34 1.59
Desalted and fermented anchovy added kimchi 21 0.01 0.01 0.03 0.16 2.26

Desalted and fermented sandlance added kimchi 21 0.31 224 0.00 0.57 1.38

Salted and fermented shrimp added kimchi 33 0.05 0.38 1.25 0.57 1.98

712 sl 10°C 4] 7%, vzt = 2 HuS vk
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Fig. 3. pH changes of kimchi prepared with different kinds of the alternatives of salted-fermented fish products during fermentation

at 20°C (A), 10°C (B) and 4°C (C), respectively.

-O-: Control, -4 -: Oyster hydrolysate added kimchi, -@-: Alaska pollack hydrolysate added kimchi, - 2-: Sea-staghorn extract added kimchi.

2.0
A
1.5 1.0 B
=
=
= 1.0
<« 0.5
0.5
0.0 0.0 0.0 -+

0123 4567 89

01 345 7 9 11 13 15 17

a 5 91317212529333741

Fermentation periods (day)

Fig. 4.Changes of titratable acidities of kimchi prepared with different kinds of the alternatives of salted-fermented fish products

during fermentation at 20°C (A), 10°C (B) and 4°C (C), respectively.

-O-: Control, -4 -: Oyster hydrolysate added kimchi, -@-: Alaska pollack hydrolysate added kimchi, -/\-: Sea-staghorn extract added kimchi.
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Table 3. Organic acid contents (mg/mL) of optimally fermented kimchi prepared with different alternatives of salted-fermented fish
products during fermentation at 20, 10 and 4°C, respectively

Fermentation Kimchi with alternatives of gﬁﬂlﬂz Acetic acid Lactic acid Malic acid Succinic acid
temperature salted-fermented fish products .
period (day)
Control 0.53 0.33 1.01 0.71
Start Opyster hydrolysate added kimchi 327 0.28 242 2.28
Alaska pollack hysrolysate added kimchi 3.07 0.31 252 431
Sea-staghon extract added kimchi 0.26 0.24 0.18 0.20
Control 1 0.69 2.84 0.77 0.99
20°C Opyster hydrolysate added kimchi 1 5.60 547 4.28 4.20
Alaska pollack hysrolysate added kimchi 1 3.08 4.16 342 2.60
Sea-staghon extract added kimchi 1 2.81 3.07 1.08 2.39
Control 4 1.80 2.50 0.57 1.89
e Opyster hydrolysate added kimchi 4 4.98 3.78 2.25 2.89
Alaska pollack hysrolysate added kimchi 4 3.66 1.38 4.66 242
Sea-staghon extract added kimchi 5 3.14 2.00 0.90 3.83
Control 13 1.59 1.12 0.70 0.95
4C Opyster hydrolysate added kimchi 13 4.07 1.06 1.53 2.88
Alaska pollack hysrolysate added kimchi 21 2.87 1.15 3.64 3.18
Sea-staghon extract added kimchi 25 2.94 1.19 1.29 1.53

Table 4. Contents of nucleotides and their related compounds (umol/mL) of optimally fermented kimchi prepared with different
alternatives of salted-fermented fish products during fermentation at 20, 10 and 4°C, respectively

Fermentation imchi wi i Optimally
Cmperture slted-fermented fohproducts emented  ATP ADP AMPIMP HxR
period (day)

Control 0.35 1.61 0.35 0.94 0.20

Start Oyster hydrolysate added kimchi 0.15 1.18 023 0.53 0.85

Alaska pollack hysrolysate added kimchi 0.20 1.33 0.05 0.59 293

Sea-staghon extract added kimchi 0.38 2.07 0.26 1.06 1.07

Control 1 0.12 1.38 0.14 0.47 0.32

20°C Oyster hydrolysate added kimchi 1 0.24 1.76 0.31 0.94 0.86

Alaska pollack hysrolysate added kimchi 1 0.34 2.30 022 1.17 4.05

Sea-staghon extract added kimchi 1 0.04 0.38 0.03 0.16 0.38

Control 4 0.26 1.62 0.23 0.55 1.36

10°C Opyster hydrolysate added kimchi 4 0.34 2.37 0.52 1.12 1.00

Alaska pollack hysrolysate added kimchi 4 0.19 2.00 0.08 0.82 2.46

Sea-staghon extract added kimchi 5 0.27 1.73 0.00 0.81 1.55

Control 13 0.13 1.13 0.08 0.44 1.00

490 Opyster hydrolysate added kimchi 13 0.31 348 0.16 1.09 1.29

Alaska pollack hysrolysate added kimchi 21 027 228 0.00 0.74 2.07

Sea-staghon extract added kimchi 25 0.17 0.97 0.00 022 0.64
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