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Studies on the Shelf-life Extension of Jeotkal,
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To develop natural food preservatives for extending the shelf-life of jeotkal (salted and fermented seafood),
antimicrobial substances were extracted from 32 types of medicinal herbs and edible plants using 95% ethanol.
Among the extracts, Glycyrrhizae radix, Curcumae domestica, Galla rhois, and Resina pini showed relatively
high inhibitory effects on the growth of the microerganisms isolated from the deteriorated jeotkal. We selected
and tested the extract from Recina pini as a natural jeotkal preservative. This ethanol extract was purified
partially by adding equal quantity of water, through which 77% of insoluble materials were removed as
impurities. In manufacturing modified jeotkal using squid, sucrose and starch syrup were substituted with
sorbitol, glucono-d-lactone was added instead of vitamin C and lactic acid, and sterilized hot pepper was used
instead of natural one. The shelf-life of modified jeotkal was prolonged by 4 days compared with the control
Jjeotkal when stored at 20°C, while that of modified jeotkal containing 1.0% partially purified Recina pini extract
was prolonged by 6 days compared to the control. The same tests were conducted for the changran (stomach
and intestine of Alaska pollack) jeotkal preservation. The shelf-life of the control jeotkal was 24 days, whereas
the modified jeotkal and the Resina pini extract-containing modified jeotkal maintained their qualities without
changes in microbial and chemical characteristics for 90 days at 20°C storage.
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Table 1. Compositional components of condiment of the jeotkal

used (unit: %)
Raw material Squid jeotkal Changran jeotkal
Ripened jeotkal 732 76.7
Sucroseq 3.0 2.0
Sorbitol(powder) 3.0 2.5
Starch syrup 11.5 8.0
Hot pepper powder 4.0 45
Vitamin C 02 02
Lactic acid - 02
Glucono-6-lactone 0.2 03
Spices and seasonings 49 5.6
Total 100 100
Salinity 6.3 7.1
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Table 2. Minimum inhibitory concentration(%) of the extracts of medicinal herbs and edible plants against the microorganisms

isolated from deteriorated jeotkal

=22 FH8)3)R] A 34 DA 4 5 (2002)

Name of medicinal herbs and edible plants used Solid Strain

Korean Common Scientific co(I;Ee)nt Yeast-M  Yeast-C Coccus- M Bacillus - C
Obaeja Galla rhois Melaphis chinensis 20.04 0.05 0.07 0.05 0.05
Ulgum Curcumae domestica Curcuma aromatica 2.07 0.5 0.5 0.2 0.2
Gamcho Glycyrthizae radix Glycyrrhiza uralensis 333 1.0 0.5 1.0 0.2
Songji Resina pini Pinus densiflora 1.62 NIV 05 0.5 0.5
Baekjakyak Paeoniae radix Paeonia japonica 2.28 1.0 1.0 1.0 1.0
Changpo Acori thizoma Acorus calamus var. angustatus 243 1.0 1.0 1.0 0.5
Jacho Lithospermi radix Lithospermum erythrorhizon 2.63 1.0 1.0 1.0 0.5
Hwangreon Coptidis rhizoma Coptis chinensis 1.67 0.5 1.0 1.0 3.0
Chija Gardeniae fructus Gardenia jasminoides 6.10 NI 3.0 1.0 0.5
Jungyak Houttuyniae herba Houttuynia cordata 134 NI NI 3.0 NI
Hwangbaek Phellodendri cortex Phellodendron amurense 2.15 NI NI NI NI
Omija Schizandrae fructus Schizandra chinensis 7.07 NI NI NI NI
Gugija Lycii fructus Lycium chinense 6.35 NI NI NI NI
Gyolmyungja  Cassiae torae semen Cassia tora 1.00 NI NI NI NI
Mokdanpi Moutan radicis cortex Paeonia suffruticosa 321 NI NI NI NI
Gumunhwa  Lonicerae flos Lonicera japonica 3.05 NI NI NI NI
Ickmocho Leonuri herba Leonurus sibiricus 0.57 NI NI NI NI
Gaepi Cinnamomi cortex Cinnamomum cassia 0.80 NI NI NI NI
Danggui Angelicae gigantis radix Angelica gigas 293 NI NI NI NI
Yangyu Codonopsitis lanceolatae radix  Codonopsis lanceolata 4.86 NI NI NI NI
Gilkyung Platycodi radix Platycodon grandiflorum 1.23 NI NI NI NI
Aloe Aloe Aloe vera 2.01 NI NI NI NI
Sangyeob Mori folium Morus alba 1.28 NI NI NI NI
Macmundong  Liriopis tuber Liriope platyphylla 2.96 NI NI NI NI
Aeyeob Artemisiae argyi folium Artemisia princeps var. orientalis 2.02 NI 1.0 1.0 1.0
Hwangjeong  Polygonati thizoma Polygonatum sibiricum 2.73 05 3.0 NI NI
Gosam Sophorae radix Sophora flavescens 3.01 NI NI NI NI
Dansam Salviae miltiorrhizae radix Salvia miltiorrhiza 1.37 NI NI NI 05
Hwanggum Scutellariae radix Scutellaria baicalensis 332 NI NI NI NI
Indongdung Lonicerae caulis et folium Lonicera japonica 287 NI NI NI NI
Chajeonja Plantaginis semen Plantago asiatica 2.94 3.0 1.0 NI NI
Pogongyoung  Taraxaci herba Taraxacum platycarpum 3.04 NI NI NI 1.0

DNI: Growth of the strain was not inhibited by the concentration of 3.0%.
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Table 3. Comparison of solid content in the Resina pini ethanol
solution and in the Resina pini suspension which was acquired
by the ethanol solution mixed with water

Samples Solid content (%)
Ethanol solution of Resina pini" 14.0
Suspension of Resina pini® 1.6

YResina pini : ethanol = 1 : 5.
IThe ethanol solution : water = 1 : 1.
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Table 4. Changes of microbial counts in saline solution containing 1.0% Resina pini extract
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(unit: CFU/mL)

Bacillus-C Coccus-M Yeast-C Yeast-M
0 min. 7,400 1,100,000 320,000 2,800
1 min. 240 170,000 57,000 2,800
5 min. 5 120,000 57,000 2,700
10 min. 0 810 40,000 1,600
30 min. 0 100 26,000 1,100
60 min. 0 14 26,000 1,100

All strains tested were not decreased its microbial counts in saline solution which was not contained Resina pini extract for lhour incubation.
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Fig. 1. Changes of microbial counts of squid jeotkal stored at
15°C.

DSubstituted sucrose and starch syrup to sorbitol and vitamin C to
glucono-8-lactone, ?Substituted non-sterile hot pepper to sterile
hot pepper, *Substituted sucrose and starch syrup to sorbitol,
vitamin C to glucono-3-lactone, and non-sterile hot pepper to
sterile hot pepper.
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Table 5. Compositional components of condiment of the control jeotkal and modified ones (unit : %)
Raw material Squid jeotkal Changran jeotkal
Control Modification Control Modification
Ripened jeotkal 73.2 73.2 76.7 76.9
Hot pepper powder 4.0° 4.07 4.5 4.5%
Sugars and sweeteners ’
- Sucrose 3.0 - 2.0 -
- Sorbitol(powder) 3.0 6.0 2.5 4.0
- Starch syrup 11.5 - 8.0 -
- Sorbitol(liquid) - 11.5 - 8.0
Organic acids
- Vitamin C 02 - 02 -
- Lactic acid - - 0.2 -
- Glucono-8-lactone 0.2 0.4 03 1.0
Spices and seasonings 49 49 5.6 5.6
Total 100 100 100 100

YNon-sterile product.
Isterile product.
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Table 6. Change of microbiological and chemical properties of squid jeotkal stored at 20°C

Halotolent Acid producing -
St;)rage Samples bacteria bacteria Yeasts Acidity pH Vl];N Note
ays (CFU/g) (CFU/g) (CFU/ g) (%) ( 0)
Control 2.6 x 10° <300 54x 10 0.7 5.9 12.6
0 Modification” 8.0x 10* <300 35x%x 107 0.7 5.9 12.7
Resina pini” 3.5 10* <300 5.5x 10 0.7 5.9 13.5
Control 6.9 x 10° <300 8.7x10° 0.7 5.9 12.6
2 Modification 9.3x 10* <300 1.2x 10° 0.7 5.9 12.2
Resina pini 2.9 % 10* <300 3.2x 10? 0.7 5.9 12.2
Control 1.2 x 10¢ 9.0x 10* 1.0x 10° 0.9 5.8 184
4 Modification 35%x10° 7.5% 10° 4.8x 10 0.7 59 13.6
Resina pini 8.3x 10° 54x10° 5.6x10° 0.7 59 12.6
Control 8.6 x 10° 1.6x 10° 14x10° 0.9 5.7 229
6 Modification 1.3x 10° 7.7 x 10* 23x 10° 0.7 59 18.6
Resina pini 2.6 x10° 6.9 x 10* 1.7x 10° 0.7 59 14.2
Control 7.5% 10 3.1x108 9.8 x 10° 1.2 55 31.0 a)
8 Modification 9.2 x 10° 4.1x10° 8.7x 10° 0.8 58 19.8
Resina pini 6.7 x 10° 29% 10° 5.0% 10° 0.7 5.8 17.9
Control 1.1x 108 3.3x 108 1.0x 10° 14 53 37.9
10 Modification 6.6 x 10° 1.6 x 10° 2.3x10° 0.8 57 25.0
Resina pini 1.5x 10° 8.4 x 10° 2.0x 10° 0.8 58 20.6
Control - - - - - _
12 Modification 7.9 x 107 2.1x 108 1.2x 10° 1.0 55 338 a)
Resina pini 7.1 % 108 6.9 % 10° 9.5x 10° 0.9 57 25.5
Control - - - - - R
14 Modification 8.5x 107 1.7 x 108 3.8x 10° 1.1 53 37.6
Resina pini 1.8x 107 1.5%x 10 2.3x10° 1.1 54 30.8 a)
Control - - - - - -
16 Modification - - - - - -
Resina pini 2.5x 107 2.0x 108 1.5x 10° 1.1 52 33.6

USubstituted sucrose and starch syrup to sorbitol, vitamin C to glucono-8-lactone, and non-sterile hot pepper powder to sterile hot pepper powder.

PThe Resina pini extract was added to Modified jeotkal.
a): Deteriorated at this time.
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Table 7. Change of microbiological and chemical properties of squid jeotkal stored at 27°C

F2AFAsHEA A 34 AA| 45 (2002)

Storage Samples Halotolent bacteria Acid producing Yeasts Acidity H VBN Note

days P (CFU/g) bacteria (CFU/g) (CFU/g) (%) P (%)
Control 26 % 10° <300 54x10° 0.7 59 12.6
0 Modification” 8.0x 10* <300 3.5% 107 0.7 59 127
Resina pini” 3.5% 104 <300 5.5x 10 0.7 59 13.5
Control 1.0x 10° 8.0x10° 6.9x 10* 0.8 59 18.2
3 Modification 1.3x10° 2.2 x 10* 33x 107 0.7 59 127
Resina pini 42x10* 5.1x10° 3.1x 107 0.7 59 12.7

Control 1.1 x 10 1.2x 107 83x 10° 1.1 55 29.2 a)
4 Modification 2.8x 10° 5.4x 10* 8.9x 107 0.7 59 13.0
Resina pini 45x10* 55%10* 3.6x 107 0.7 59 12.8
Control 6.7 x 10° 3.5x 108 8.9x 10* 1.3 52 322
5 Modification 39x 10° 3.5x 10° 19x 10* 1.0 59 14.5
Resina pini 9.5x 10* 6.7x10° 75%10° 08 59 134

Control - - - - - ;
6 Modification 2.1x 10 7.8 x 107 6.5x 10° 1.1 5.6 27.3 a)
Resina pini 1.1x 10° 2.6x 10 33 10° 1.0 5.7 21.3 a)
Control - - - - - -

7 Modification 39x%x 107 1.1x 108 4.1x 10 1.3 55 27.2
Resina pini 2.0x 10° 8.8x 10 1.6 x 10° 1.1 56 26.6

DSubstituted sucrose and starch syrup to sorbitol, vitamin C to glucono-3-lactone, and non-sterile hot pepper powder to sterile hot pepper powder.

2The Resina pini extract was added to Modified jeortkal.
a): Deteriorated at this time.
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Table 8. Change of microbiological and chemical properties of changran jeotkal stored at 27°C
Storage Halotolent bacteria ~ Acid producing Yeasts Acidity VBN
days Samples (CFU/g) bacteria (CFU/g) (CFU/g) (%) pH () ~ Now

Control 2.0% 10° 1.1x 10° 3.8x 10? 0.8 53 18.0
0 Modification” 5.7 x10° 9.5%x10° <300 1.1 5.0 17.8
Resina pini® 24 % 10° 6.4x 10° <300 1.1 5.0 18.4
Control 93x 10° 3.8x10° 1.8 x 10° 0.9 5.0 26.6
8 Modification 8.5 x 10° 9.8 x 10° <300 1.1 5.0 18.5
Resina pini 3.8 % 10° 7.9 % 10° <300 1.1 50 18.0

Control 4.6 x 10° 2.0x 10° 1.6 x 10° 1.2 49 324 b)
12 Modification 92x10° 1.3x 10* <300 1.1 5.0 18.7
Resina pini 1.2 x 104 8.0x 10° <300 1.1 5.0 18.2

Control 1.Ix 10 8.1x 10° 3.7x 10° 1.3 4.8 35.0 c)
16 Modification 1.1x 10 1.2x 10* <300 I.1 5.0 18.5
Resina pini 1.0x 10* L.1x10* <300 1.1 5.0 18.0
Control 23 %10 1.5 10° 56%10° 14 4.7 435

18 Modification 1.1 x 10* 1.2x 10* <300 1.2 4.9 28.6 b)
Resina pini 1.1 x 10* 9.7 x 10° <300 1.2 49 214
Control 4.8x 107 4.2x 107 1.1107 L3 4.8 41.0
20 Modification 1.2 10* 1.5x% 10! <300 11 50 224

Resina pini 1.0x 10* 1.3x 10" <300 1.1 50 18.1 b)
Control 9.4 10° 6.5 10° 4310° 1.6 53 504
35 Modification 8.1x 10° 1.5x 10* <300 1.5 5.0 39.2
Resina pini 7.8 % 1¢° 32% 10 <300 1.5 49 40.6
Control 2.7 % 10° 1.6x 10° 1.010* 1.5 5.2 504
50 Modification 7.5x 10° 6.6 x 10 <300 14 5.0 30.8

Resina pini 12x 10" 26x10* <300 14 5.0 35

YSubstituted sucrose and starch syrup to sorbitol, vitamin C to glucono-8-lactone, and non-sterile hot pepper powder to sterile hot pepper powder.

?The Resina pini extract was added to Modified jeotkal.

b): Started liquefying of the solids in contents.
¢): Overflowed liquid outside of the bottle.
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2. Beuchat, L.R. and Golden, D.A. Antimicrobials occuring natu-
rally in foods. Food Technol. 43: 134-142 (1989)
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Table 9. Change of microbiological and chemical properties of changran jeotkal stored at 20°C

Storage Halotolent bacteria ~ Acid producing Yeasts Acidity VBN
days Samples (CFUJg) bacteria (CFU/g) (CFU/g) (%) pH @) o
Control 2.0x10° 1L.1x10° 3.8x 107 0.8 5.3 180
0 Modification"” 57%x10° 9.5x 10° <300 1.1 50 17.8
Resina pini” 24 % 10° 6.4 x10° <300 1.1 50 184
Control 1.5% 10° 1.3x10° 2.8x 10* 0.8 53 226
7 Modification 1.8x 10 8.9 x 10° <300 1.1 49 17.8
Resina pini 94 x10° 46x% 10° <300 1.1 50 18.0
Control 8.7 x 10° 7.0% 107 4.1x 10° 1.0 53 364
14 Modification 14 % 10* 75%x10° <300 1.1 4.9 182
Resina pini 1.0x 10* 7.0x10° <300 1.1 49 18.4
Control 2.7 % 107 1.8x 107 2.0x 107 12 52 37.8
21 Modification 1.1 x 10* 9.7x10° <300 11 49 18.8
Resina pini 1.110° 74x10° <300 11 4.9 182
Control 22x 107 1.1x 10 22x 10 1.3 52 40.6 c)
24 Modification 1.2x 10* 9.0x 10° <300 1.1 4.9 20.2
Resina pini 1.0x 10* 7.0x 10° <300 1.1 4.9 19.6
Control 6.3 x 10° 6.2 x 10° 9.7 x 10° 1.3 53 42.0
28 Modification 1.4 x 10* 9.7 x 10° <300 1.1 49 19.6
Resina pini 1.3 x 10* 7.0x%10° <300 1.14 49 20.6
Control 32x10° 1.3x 10° 1.3 x 10° 1.3 54 435 b)
42 Modification 1.5 % 10* 85x10° <300 1.1 49 19.8
Resina pini 1.5x 10 64x10° <300 1.1 49 224
Control 3.6x10° 3.8x 10° 1.2x10° 14 53 4.4
49 Modification 1.5x% 10* 7.6x 10° <300 1.2 49 21.0
Resina pini 1.2x 10* 65x10° <300 1.2 49 206
Control - - - - - -
63 Modification 1.1 x 10 1.0x 10* <300 1.2 4.9 214
Resina pini 14x10* 6.8x10° <300 1.2 49 224
Control - - - - - -
90 Modification 1.3x 10* - 8.0x10° <300 1.2 49 298
Resina pini 1.3x 10* 7.0x 10° <300 1.2 49 27.6

USubstituted sucrose and starch syrup to sorbitol, vitamin C to glucono-8-lactone and non-sterile hot pepper powder to sterile hot pepper powder.
IThe Resina pini extract was added to Modified jeotkal. '

b) Started liquefying of the solids in contents.

¢) Overflowed liquid outside of the bottle.
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