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ABSTRACT

Purpose: This review article provides an overview of the trends of research papers on the health benefits of kimchi and kimchi
lactic acid bacteria published from 1995 to 2017, Methods: All publications from 1995 to 2017 regarding kimchi and kimchi
lactic acid bacteria were collected, reviewed, and classified. This review article covers the publications of the health benefits
of kimchi and kimchi lactic acid bacteria on experimental, clinical trials, and epidemiology studies. Results: The number of
publications on kimchi over the period were 590: 385 publications in Korean and 205 publications in English, The number
of publications on the health benefits of kimchi and kimchi lactic acid bacteria were 95 in Korean and 54 in English, The number
of publications on kimchi and kimchi lactic acid bacteria were 84 and 38, respectively, in the experimental models, Ten research
papers on kimchi in clinical trials and 7 publications in epidemiology were found. Kimchi or kimchi lactic acid bacteria had
protective effects against oxidative stress, mutagenicity, toxicity, cancer, dyslipidemia, hypertension, immunity, and

inflammation in in vitro, cellular, and in vivo animal models,

Moreover, kimchi had effects on the serum lipids, intestinal

microbiota, iron status, obesity, and metabolic parameters in human clinical trials. In epidemiology, kimchi had effects on
hypertension, asthma, atopic dermatitis, rhinitis, cholesterol levels, and free radicals, Conclusion: This review focused on
the publications regarding the health benefits of kimchi and kimchi lactic acid bacteria, suggesting the future directions of
studies about kimchi and kimchi lactic acid bacteria by producing a database for an evaluation of the health benefits of kimchi,
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Table 1. Publications of kimchi and kimchi lactic acid bacteria (LAB)
from 1995 to 2017

Korean English
Protective effects publications publications
Kimchi Kimchi LAB Kimchi Kimehi LAB
Oxidative stress 24 1 2 5
Mutagenicity/Toxicity 16 10 1 2
Cancer 22 1 3 5
Dyslipidemia/Hypertension 13 4 5
Immune/Inflarmmation 6 2 3 10
Skin health 4 6
Blood coagulation 1 1 1
Obesity/Diabetes mellitus 1 3 3 2
Hypertension 1 2
Total
Aste] AMFIATE B 2ol dEE THe 20174
114 309 744 &3 £ HESHIT (Table 1).
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Table 2. Health benefits of kimchi in vitro, cellular and in vivo experiments from 1995 to 2017
Protective effects Model Experiments References
Oxidative stress In vitro Radical scavenging activity: DPPH, ABTS, FRAP, hydroxyl radical 7-20
Cell LLC-PK1 cells, Huvec cells 21-22
In vivo SAM mouse, Balb/C mouse, SK-1 hairless mouse, Spragu-Dawley rat, 23-32
New Zealand white rabbit: TBARS, antioxidant enzymes
Mutagenicity/ In vitro Ames test: MNNG, aflatoxin B1, SOS chromotest, Nitrite depletion 12, 25, 33-44
Toxicity Cell 313 cells 45
In vivo ICR mouse, Wistar rat 46,47
Cancer Cell AGS cells A549 cells HT-29 cells MCF-7 cells KATOIIl cells HepG2 cells Hela cells 14,15,17-19, 25, 34,
BJ cells HCT-116 cells Parental Rat2 fibroblasts oncogenic Rasv12-transformed 38-42, 48-53
Ratf2 fibroblasts(HO6): MIT assay, Gene expression
In vivo Balb/C mouse: sarcoma-180 tumor, metastasis, C57BL/6J mouse: 35, 46, 54-58
azoymethane/dextran sulfate sodium, Helicobacter pylori,
Harlan Sprague-Dawley rat: 2-AAF,
Dyslipidemia Cell THP-1 cells 59
In vivo apokE KO mouse, Sprague-Dawley ratf, Wistar rat, New Zealand white rabbit: 31, 32, 60-73
high-fat diet, high-cholesterol diet, high-fat/high-cholesterol diet
Hypertension In vitro & In vivo Angiotensin converting enzyme activity 74, 75
Sprague-Dawley rat: spontaneously hypertensive rat
Immune/ Cell BV2 microgila cell 76
Inflammation EX vivo Splenocytes: C57BL/6J mouse, Splenocytes, bone marrow cells, thymus cells: 25, 81
Sprague-Dawley rat
In vivo Balb/C mouse, ICR mouse, NC/Nga mouse, apoE KO mouse 61, 77-80
Obesity Cell 313-L1 adipocytes 82
In vivo C57BL/6J mouse, Sprague-Dawley ratf, Wistar rat: high-fat diet 64-67, 83
Diabetes mellitus  Cell HUVECs: human umbilical vein endothelial cells 22
In vivo ICR mouse, Sprague-Dawley rat, Wistar rat: streptozotocin induced diabetes 66, 84, 85
Skin problem Cell A432 Keratinocytes, CCD986-SK fibroblasts 86, 87
In vivo SKH-1 hairless mouse 26, 27, 88
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Table 3. Health benefits of kimchi lactic acid bacteria (LAB) in vitro, cellular and in vivo experiments from 1995 to 2017

Protective effects Kimchi LAB Model Experiments References
Oxidative Lactobacillus sp  In vitro  Radical scavenging activity: DPPH, ABTS radical 89-93
stress Leuconostoc sp Quinone reductase activity
Cell Raw 264.6 macrophages: NO production 94
Mutagenicity Lactobacillus sp  In vitro  Nitrite depletion, Aflatoxin binding 90, 95-98
[Toxicity Leuconostoc sp - cell 373 cells: comet assay, Caco-2 cells binding, HT-29 cells 93, 98, 99
Pediococcus sp In vivo  ICR mouse, Sprague-Dawely rat 100-104
Cancer Lactobacillus sp  Cell CHO-K1 cells, SNU-C4 cells 93
Leuconosfoc sp |n vivo  F344 rat 105
Obesity Weissella sp Cell 3T3-L1 adipocytes: differentiation and gene expression 106, 107
/Dyslipidemnia Lactobacillus sp ) ) ! i i
Leuconostoc sp In vivo  Sprague-Dawley rat: high-fat diet, high-cholesterol diet 108-110
Immune Enterococcus sp  Cell Raw 264.7 macrophage, J774A1 cells, TN 92-94, 111, 112
/nflammation  Lactobacillus SO Ex vivo  Peritoneal macrophage, splenocytes, bone marow-derived dendiitic 112-115
Leuconostoc sp cells
Pediococcus sp In vivo  Balb/c mouse, C57BL/6J mouse: histamin, compound40/80 or 116-120
DNCD-induced atopic dermatitis /Foxp3-GFP KI mouse, Ballb/c mouse/ 121-123
Balb/c mouse: DSS-induced colitis 114, 124
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Table 4. Health benefits of kimchi and kimchi lactic acid bacteria (LAB) in clinical frials from 1995 to 2017

Protective effects Subjects Dose and duration Effects References
Serum lipid MF, n =100 Kimchi 210 g/day for 7 days Lower FBG and TC 125
Serum lipid MF, n=12 Kimchi pill 3 g/day for 6 weeks Lower TG, LDL/HDL-C and Al 126
Intestinal microbiota  F, n=12 Kimchi 150 g/day for 7 days Beneficial effects the formation of 127
infestinal microbiota

Infestinal microbiota  MF, n =10 Kimchi 200 g/day for 4 weeks Lower B-glucosidase and 128
B-glucuronidase

Iron status M, n=12 Kimchi 300 g/day for 4 weeks Lower serum iron and serum fernitin 129

Intestinal microbiota  F, n = 24, obese women

for 8 weeks

Obesity metabolic MF, n = 22, overweight and

Fermented kimchi 180 g/day

Fermented kimchi 300 g/day

Beneficial effects blood gene expression 130
and gut microbial population

Lower body fat, TC, FBG and BP 131

parameters obese men and women for 4 weeks

Metabolic parameters MF, n = 21, predicbetic men Fermented kimchi 100 g/day Effects BP and insulin resistance/sensitivity 132
and women for 8 weeks

Metabolic parameters F, n = 38, obese middle Fermented kimchi capsule 3  Lower Wt, BMI, fat mass, abdominal fat, 133
school girls g/day for 6 weeks TC, LDL-C and TG

Immunomodulation MF, n = 39, Chinese college Fermented kimchi 100 g/day No effects on immunomodulatory 134
students for 4 weeks functions

MF: males and females, M: males, F: females, FBG: fasting blood glucose, TG: tfriglycerides, Al: atherogenic index, TC: total cholesterol,

BP: blood pressure, WC: waist circumference, Wt weight
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Table 5. Health benefits of kimchi and kimchi lactic acid bacteria (LAB) in epidemiology from 1995 to 2017

Protective effects Classification Subjects Effects References
Hypertension Cross-sectional  +n = 5,932 » Higher consumption of kimchi was not associated with a 135
study (M:2,822, F:3,820) higher prevalence of hypertension (odds ratio = 0.87;95% ClI
* Age:19-64y =0.70-1.08 for >216.5 g/day vs. < 39.2 g/day; p for trend
=0.7532)
Hypertension Cohort study en=>5,932 » High kimchi (baechu kimchi, watery kimchi, total kimchi) 136
(12- year (M:2,822, F:3,110) consumption was not shown to be associated with
follow-up study) «Age:40-69y increased risk of hypertension
« Increased risk of hypertension according to increasing quartile
of watery kimchi infake was significant only in obese men
(o < 0.05)
Asthma Cross-sectional +n = 19,659 * A significant inverse relationship between kimchi 137
study (M:7,787, F:11,872) consumption and the prevalence of asthma
* Age:19-64y (o for tfrend = 0.0131)
Atopic dermatitis Cross-sectional «n = 7,222 » Consuming 85.0-158 g/day of kimchi was significantly 138
(AD) study (M:50.9%, F:49.1%) associated with a lower presence of AD (p < 0.05)
* Age:19-49y
Rhinitis Cross-sectional «n = 7,494 »The prevalence of rhinitis decreased with increasing kimchi 139
study * Age:19-64y consumption
-The quintile 4 (range of kimchi intake : 108.0-180.0 Q)
groups, compared with the reference of quintile1 (0-23.7 Q).
showed a decrease of 18.9% (oddsratio [OR] = 0.811,95%
confidence interval [Cl] = 0.672-0.979)
HDL-C Cross-sectional +n =102 (Male) « Kimchi consumption was positively correlated with HDL-C (p 140
LDL-C study « Age:40-64y < 0.05)
» Negatively corelated with LDL-C (p < 0.05)
Freeradicals Cross-sectional  «Total n = 335 »The correlation coefficient between the kimchi intake and 141

Oxidativesubstances study

*Age (20-29 y): n= 146
(M:55, F:91)

*Age (65-): n=189
(M:89, F:100)

the tfotal free radicals was —0.1862 (p < 0.05) and that for
GSH/GSSG was 0.1861 (p < 0.05)
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