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Objectives 

ÁDescribe the various types of fermentation and 
fermented food products. 

ÁDiscuss the observational and experimental 
data available on intake of fermented foods 
and cancer risk. 

ÁPickled fish 

ÁPickled vegetables 

ÁFermented milk and flowered-rind cheeses 

 

 

 
 



Fermentation Facts 

ÁEarliest evidence of production of fermented beverages 
dates from 8000 years ago in the Caucasus region. 

Á5000 years ago, Chinese building Great Wall were 
eating fermented mixed vegetables. 

ÁAsian cultures pioneered ways to produce meat-like 
flavors and textures from vegetable proteins. 

ÁMuch of economically developing world depends on 
various fermented foods as staples of their diets. 

ÁFermentation is oldest and still one of 
most economical methods of producing 
and preserving foods acceptable to man. 

 



Why ferment? 

ÁPreserve foods between time of harvest and 
consumption 

ÁRender foods resistant to microbial spoilage and 
development of food toxins 

ÁMake foods less likely to transfer pathogenic 
microorganisms 

ÁEnrich diet through development of diverse flavors, 
aromas, and textures in food substrates 

ÁEnrich biologically with protein, essential amino acids, 
essential fatty acids, and vitamins 

ÁReduce antinutrient content 

ÁDecrease cooking time and fuel requirement 

 

 

Steinkraus, KH (ed), Handbook of Indigenous Fermented Foods, 1983. 



Types of Fermentation 

Alcoholic (Saccharomyces)  

ÁGlucose:  C6H12O6 Ҧ н /2H5OH + 2 CO2 

Acetic acid (Acetobacter) 

ÁEthanol: C2H5OH + O2 Ҧ /I3COOH + H2O 

Lactic Acid (Leuconostoc, Lactobacillus, Streptococcus) 

ÁGlucose:  C6H12O6 Ҧ н /I3CHOHCOOH 
ÁLactose:  C12H22O11 + H2h Ҧ п /I3CHOHCOOH 

Heterolactic 
ÁGlucose:  C6H12O6 Ҧ /I3CHOHCOOH + C2H5OH + CO2 

Alkaline (Bacillus subtilis) 
ÁǇǊƻǘŜƛƴǎ Ҧ ǇŜǇǘƛŘŜǎ Ҍ ŀƳƛƴƻ ŀŎƛŘǎ Ҍ bI3 



What fermented foods do we eat? 
legumes  grains  vegetables  fruit  milk  fish  meat 

Japan, Korea, 

China 

Kimchi 

Natto 

Soy sauce 

Fish 

Fish sauces 

Western Europe & 

Russia 

Sauerkraut 

Sourdough breads 

Salami 

Cultured milk 

North America 

Sauerkraut 

Relishes 

Sourdough breads 

Cultured milk 

Mikyuk (Alaska) 

SE Asia 

Tempeh 

(Indonesia) 

Idli (India) 

Fish sauces 

Africa & Mid-East 

Grain gruels 

Injera (Ethopia) 

Kumis 

Kefir 

Steinkraus, KH (ed), Handbook of Indigenous Fermented Foods, 1983. 

Central &South  

America 

Curdito 

Chocolate 



Pickling  (fermenting in water with or without salt)  

Kimchi 

ÁPreserving, soaking or storing in vinegar or brine. 

ÁSalt added to: 

ÁPromote degradation of proteins 

ÁRetard the growth of undesirable, putrefactive microorganisms 

ÁAllow desirable, NaCl-tolerant (halotolerant), fermentative 
species such as lactic acid bacteria to grow  

ÁFermentation products generated: 

ÁMay cause adverse effects:  

 -- N-nitroso compounds (NOCs), mycotoxins 

ÁMay offer health benefits:  

 -- anti-microbials; viable bacteria in non-pasturized products 

 



Salted Fish Intake and Nasopharyngeal Cancer:  
Dose-Response Analysis in Case-Control Studies 

ÁHigh rates in Hong 

Kong, Singapore, 

southern China. 

ÁHypothesized 

interaction with 

EBV infection. 

ÁAssociation 

appears stronger 

for early life 

exposure to salted 

fish (0-3 y) 

 

AICR/WCRF:  http://dietandcancerreport.org 



Helicobacter pylori Infection and Cancer 

ÁCausal factor in gastric 
adenocarcinoma. 

ÁChronic colonization 
causes inflammation and 
ulceration.  

ÁOnly a fraction of 
colonized individuals 
develop gastric cancer. 

ÁHigh-salt diets may 
facilitate infection and 
increase virulence. 

Beevers et al, J Hypertens, 22:1475, 2004 

Gancz et al, J Bacteriol, 190:4100-5, 2008 



ÁAreas at high-risk for GC, 

pickled foods eaten daily 

ÁMeta analysis of 60 studies of 

pickled foods and GC risk: 

 50 case-control 

 10 prospective  

RESULTS 

Overall: 

ÁOR = 1.52 (95% CI 1.37ï1.68) 

Case-control: 

ÁOR = 1.56 (95% CI 1.39ï1.75) 

Cohort: 

ÁOR = 1.32 (95% CI 1.10ï1.59) 

 

 

 

Ren et al, Cancer Epi Biomarkers Prev, 21:905, 2012 

Pickled Food and Gastric Cancer:  
Review of English and Chinese Literature 



ÁHigh H pylori 

seroprevalence in 

Japan and Korea 

(~60%)  

 

ÁMeta analysis of 

studies of vegetables 

and GC risk:  

Á-- 8 fresh 

Á-- 14 pickled 

Kim et al, Cancer Sci, 101:508, 2010 

Fresh and Pickled Vegetable Consumption 
and Gastric Cancer in Japan and Korea 

Fresh vegetables  

OR = 0.62, 95% CI = 0.46ï0.85  

Pickled vegetables  

OR = 1.28, 95% CI = 1.06ï1.53 


