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Abstract

As a primary step to develop natural preservative for extending the shelf-life of kimchi, the effect
of 102 edible plants, 21 antimicrobial agents and related compounds on kimch: fermentation was stu-
died. Among 42 oriental medicinal plants tested, Baical skullcap and Assam indigo were found to
be highly effective for maintaining the fresh state of kimchi. Although Bugbane, Red mangolia, Bushy
sophora, Szechuan pepper, Chinese quince and Scisandre significantly inhibit the growth of Lactobacills,
their effect was not high enough to be used as raw materials for kimchi preservative. When the
effect of 32 herbs and spices was tested, peppermint, cinnamon, lemon balm, clove, hop, rosemary,
sage, horseradish and thyme showed high antimicrobial activity against kimchi microorganisms. Among
them, the effect of clove ranked top. When it was added to fresh kimchi, initial cfu value (2.4X10°
cfu/g) changed little even after 2 day’s fermentation (2.6X10° cfu/g). Sensory test was not a good
criteria to evaluate the effect of herbs and spices, since their highly specific flavors affected the taste
of kimchies. Twenty eight fruits, vegetables and related plants were tested, but only leaves of pine
tree, persimmon and oak leaves showed a significant bactericidal effect, finally contributing to the
storage of kimchi. In addition, when 21 natural preservatives and other compounds were added indivi-
dually to fresh kimchi, nisin and caffeic acid could inhibit fermentation.
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Table 1. Composition of kimchi materials

Materials Amounts(g)
Chinese cabbage 1,000
Red pepper powder 40
Welsh onion 35
Garlic 30
Ginger 20
Fermented anchovy juice(24% NaCl) 20
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Fig. 1. The changes of pH, acidity and number of Lac-
tobacilli during fermentation of kimchi at 20°C. @, pH;
W, acidity; ., Lactobacilli
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Table 2. Effect of medicinal plants” addition on kimchi fermentation for 48 hours

Acidity Lactobacilli Panel®

Scientific name Korean name  English name Plant part pH? pH (%, lactate)(X 107cfu/g) score
Control initial 5.6 0.28 0.26
after 48 hours 41 1.04 350
Chyranthes japonica TSR Achyranthes Root 69 41 111 260 5
Acorus grmineus Soland A ¥ (B Alpine Root 60 4.1 1.14 420 4
Akebia trifoliate EEFOKH) Akebi Stem 57 41 1.13 590 6
Arctium lappa AN 4ET)  Burdock Seeds 65 4.1 1.11 290 3
Astragalus membranaceus  #71(FH) Huangchi Stem 55 40 1.13 640 4
Baphicacanthus cusia AHES Assam indigo  powder 83 5.1 0.70 79 -
Benicassa hispida S AN F)  Wax gourd Seeds 66 42 1.08 470 5
Chaenomeles lagenaria EIHA) Chinese quince Fruit 38 42 1.06 190 5
Chrysanthemum morifolium = 3H37t) Chrysanthemum Flowers 54 4.2 1.13 380 4
Cimicifuga foetida SO AR Bugbane Root 59 4.2 1.12 140 4
Cinamomum cassia A 2] (R Cinnamon cassia Bark 53 4.2 0.99 320 6
Cirsiun japonicum var. °d ) FA(FFHLTE) Japanese thistle Root 61 4.1 1.03 370 4
Citrus tangerina Z = () Mandarin orange Peel 44 40 1.17 400 5
Cnidium monnier ARAEZHEERT) Cnidium Seeds 69 42 1.10 320 6
Coix lachrymajobi olo]l(ETI{T) Job's tears Seeds 64 40 1.07 440 4
Coridaris incisa 2} (5EHR) Groom well Root 59 40 1.07 660 4
Dianthus superbus T (%) Pink Leaves,Stem 6.0 4.2 1.10 340 4
Forsythia suspensa o (SN Forsythia Seeds 51 41 1.13 260 4
Fritillaria ussuriensis s 2 (B £ Fritillary Root 46 4.1 1.03 340 4
Gardenia jasminoides 21 ZAHHET) Gardenia Fruit 46 4.1 1.10 320 5
Glycyrrhiza uralensis FE(HE) Licorice Bark 57 42 1.09 250 6
Lonicera japonica AEFER) Honeysuckle Stem 54 4.1 1.1 1100 5
Lonicera japonica +&-3H4:#1F) Honeysuckle Flowers 41 41 1.06 430 4
Mangnolia liliflora Alo|3HE %) Red mangolia Flowers 65 4.1 1.10 160 4
Mentha arvensis ubSH(Ff) Field mint Leaves 64 4.2 1.04 370 4
Patrinia villosa o) (B ) Patrinia Stem 58 4.0 1.10 300 4
Phellodendron amurense sl (FEHH) Amur cork-tree Bark 54 4.1 1.05 1100 4
Pinus tabulaeformis TR (R Pine resin Resin 66 4.2 111 340 5
Plantago asiatica A 2K #EFF) Seed of plantain Seeds 71 40 1.08 410 4
Platycodon garndiflorum 7 (58 Balloon flower  Root 50 43 1.02 300 4
Policapaea corymbosa WX (%) Chinese anemoneRoot 48 41 1.14 280 5
Prunellavulgaris sl (B HE)  Selfheal Leaves, 6.1 40 1.13 330 3
Flowers

Prumus armeniaca 8 Q1 (7(0) Apricot Seeds 62 4.0 1.13 300 4
Saussurea lappa EORE) Kuangmushiang  Roots 56 4.1 1.16 200 6
Schizandra chinensis QujAHAHMT)  Schisandra Seeds 29 43 1.01 220 5
Scrophularia buergeriana HAZ ) Figwort Root 50 4.1 1.07 270 4
Scutellaria baicalensis FHHFEE) Baical skullcap Bark 58 44 091 79 5
Sophora subprostrata AFH(IUEHE)  Bushy Sophora  Root 54 42 113 180 4
Taraxacum platycarpum o Ed(7A%E)  Dandelion Whole 59 42 112 340 4
Trichosanthes Kirilowii HEZ2HNEBF)  Trichosanthes Seeds 62 4.2 1.12 730 5
Vitex rotundifolia ulsl A EHIF) Seashore vitex  Seeds 57 41 1.06 230 5
Zanthoxylum bungeanum ArZ2 (LD Szechuan pepper Seeds 58 4.2 1.13 180 5

Ddried plants was added 2% of kimchi weight

BpH of 2% solution

Isour taste compared with control, 1: strongly sour, 2: moderately sour, 3: slightly sour, 4: equal to control, 5: slingtly

weak, 6: moderately weak, 7: strongly weak
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Table 3. Effect of herbs” addition on kimchi fermentation for 48 hours

Acidity Lactobacilli Panel®

1 1fi1 3 . 2
Scientific name English name Plant part pH? pH (%, lactate) (X 107cfu/g) score
Control initial 56 0.28 0.26
after 48 hours 41 1.04 350

Anethum graveolens L. Dill Seeds, Leaves 5.6 4.0 1.16 460 4
Artemisia dracunculus L. Tarragon Leaves 6.6 4.2 1.05 430 2
Brassica nigra(l.) Mustard Seeds 50 4.2 117 290 4
Capsicum annum var. Paprika Fuits 4.7 4.2 1.28 700 4
Carum carvi L. Caraway Seeds 6.0 4.1 1.18 730 5
Cinnamomum verum Presl.  Cinnamon Bark 5.0 4.3 0.85 210 6
Coriandrum sativum L. Coriander Seeds 5.8 40 1.18 270 4
Curcuma domestica Valet Turmeric Bark 6.3 4.1 0.98 400 4
Elettaria cardamomum(l.) Cardamon Seeds 54 4.1 1.07 360 6
Eucalyptus globulus Labill. Blue gum tree Leaves 5.1 4.1 1.07 330 4
Eugenia caryophyllate Thunb. Clove Flower bud 4.0 49 0.55 0.26 7
Foeniculum vulgare Mill Fennel Seeds, Leaves 6.0 41 1.21 410 5
Humulus lupulus L. Hop Leaves 4.6 55 0.45 9.3 7
[llicium verum Hook Star anise Seeds 39 42 1.00 220 4
Inula helenium L. Elecampane Root 5.9 42 1.08 210 5
Laurus nobilis L. Bay Leaves 6.1 4.1 1.10 750 4
Mentha piperita L. Peppermint Leaves 6.1 45 0.83 100 6
Mentha pulegium L. Pennyroyal Whole 6.9 4.1 1.15 540 5
Mentha spicata L. Spearmint Whole 6.4 4.2 1.04 270 4
Melissa officinalis L. Lemon balm Leaves 6.1 4.2 111 150 5
Monarda didyma L. Bergamot Leaves 64 4.1 1.11 510 5
Moringa oleifera Lam Horseradish Root 4.7 4.3 095 140 5
Myristica fragrans Houtt Nutmeg Seeds 5.6 4.2 1.08 310 5
Ocimum basilicum L. Basil‘sweet) Leaves, Flower 6.4 4.1 1.04 430 5
Origanum majorana L. Marjoram Leaves 6.0 4.2 1.14 350 5
Origanum vulgare L. Oregano Leaves, Flowers 6.0 4.2 1.12 780 3
Pimenta officinalis Allspice Unriped fruit 49 4.1 1.04 250 5
Rosmarinus officinalis L. Rosemary Leaves 6.1 44 0.87 120 7
Salvia officinalis L. Sage Leaves 59 45 0.80 130 6
Thymus vulgaris L. Thyme Leaves, Flowers 5.5 43 0.86 470 6
Verbena officinalis L. Verbena Whole 6.2 4.1 1.09 220 5
Viola odorata L. Violet Leaves, Flowers 6.1 4.1 1.19 610 5

b23same as Table 2
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Table 4. Effect of fruits and vegetables” on kimchi fermentation for 48 hours

P . ) Acidity Lactobacilli  Panel®
Scientific name English name pH? ﬂpH %, lactate) (X107cfu/g)  score
Control initial 5.6 0.28 0.26

after 48 hours 4.1 1.04 350
Allium tuberosum Leek 55 42 1.18 220 5
Amaranthus patulus Amaranth 6.6 4.2 1.08 170 5
Apium graveolens Celery 5.7 4.2 1.10 480 4
Artemisia argyi Mugwort 59 42 1.21 320 5
Aster scaber 6.6 4.2 1.11 190 6
Brassica juncea Leaf mustard 6.2 4.3 1.22 180 6
Camellia sinensis Green tea 6.0 4.3 0.99 210 4
Capsicum annum Red pepper 5.1 42 121 400 5
Capsicum annum var. Grossum green pimento 53 4.2 121 620 4
Capsicum annum var. Grossum red pimento 5.0 4.2 115 160 5
Citrus limon Lemon 3.0 4.1 1.27 190 4
Citrus limon Lemon peel 48 4.2 116 400 5
Diospyros kaki Persimmon 6.3 43 1.04 400 5
Diospyros kaki Persimmon leaves 4.0 4.2 0.88 130 5
Loctuca sativa Lettuce 6.0 43 0.99 230 4
Malus asiatica Crab apple 33 44 0.93 150 5
Oenanthe javanica Watercress 57 42 121 120 5
Olea europeal Olive 34 4.4 091 360 5
Petroselinum crispum Parsely 54 4.2 1.15 440 4
Pinus rigida Pine tree leaves 39 4.2 0.94 55 4
Prunus persica Peach 4.1 43 1.03 480 5
Quercus glauca Oak leaves 6.4 44 0.89 460 7
Raphanus sativus Raddish sprout 5.2 43 1.11 450 6
Salanum lycopersicum Tomato 44 45 1.00 890 5
Solanum tuberosum Potato 6.7 4.2 1.10 250 5
Vitis vinifera Grape 3.7 43 0.96 810 6
Youngia sonchifolia Kind of lettuce 6.4 4.3 1.08 200 6
Zingiber officinate Ginger 6.5 45 0.82 380 6

V83same as Table 2
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Table 5. Effect of antimicrobial agent, salts and related compounds on kimchi fermentation for 48 hours

.. . Acidity Lactobacilli Panel?
Additive Concentration pH %, lactate) (X 107cfu/g) score
Control initial 5.6 0.28 0.26

after 48 hours 4.1 1.04 350
Acetic acid 0.05% 2.7 4.1 1.18 470 4
Caffeic acid 0.1% 41 4.7 0.75 120 6
Caffein 0.1% 7.7 4.3 0.95 250 5
Calcium chloride 0.1% 7.2 42 1.08 240 6
Disodium phosphate 12% 9.1 4.2 1.16 270 5
Ethyl alchol 2.0% 7.6 4.3 1.00 260 5
Glycerin 2.0% 7.5 4.1 1.03 320 4
Glycine 0.1% 6.3 4.2 1.17 410 4
High methoxyl pectin 1.0% 4.0 4.2 1.09 110 5
Lactoferrin 0.1% 7.8 3.9 121 410 3
Low methoxyl pectin 1.0% 41 41 1.13 400 5
Lysozyme 0.1% 7.7 4.0 1.27 450 4
Mannitol 1.0% 7.3 42 0.99 220 6
Menthol 0.1% - 4.3 0.89 180 5
Nisin 0.1% 6.5 5.3 0.78 5.4 6
Potassium sorbate 0.1% 6.8 4.3 1.03 180 6
Sodium acetate 0.3% 74 44 123 580 5
Sodium citrate 0.5% 79 4.1 122 650 4
Sorbitol 1.0% 74 4.2 1.04 240 5
Theobromine 0.1% - 4.2 1.02 450 4
Theophyllin 0.1% - 45 0.85 340 4

YpH of solution in each concentration

Ysame as Table 2
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