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Umami  - History

http://www.umamiinfo.com/2011/02/umami-culture-
around-the-world.php

• The discovery of umami - the fifth taste by a 
Japanese scientist: Dr. Kikunae Ikeda of Tokyo 
Imperial University

• Dashi stock made from kombu (kelp – seeweeds
/algae) has long been an indispensable part of 
Japanese cuisine. It has also long been known that 
the active ingredients contained within kombu hold 
the key to its delicious taste. 

• In 1908, Ikeda succeeded in extracting glutamate 
from kombu. He discovered that glutamate was the 
main active ingredient in kombu. He used the term 
'umami' to describe its taste.

• He was sure that this taste was common with other 
savory foods, including those used in Western meals 
such as tomatoes and meat. Indeed it was 
discovered that these foods also contained umami. 

Wikipedia 
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Taste receptors can be used for discovery…

…they transduce signals for pleasant and aversive taste
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• Umami  reflects « taste of meat »
• Receptors can be used for screening

Umami taste: Synergy between MSG & nucleotide
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Umami taste: Synergy between MSG & nucleotide

http://www.umamiinfo.com/2011/02/the-composition-of-umami.php
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Soy Sauce Fermentation
• Soy sauce originated in China 2,800 years ago and spread to East and Southeast Asia.

• Like many salty condiments, soy sauce was originally a way to stretch salt, an expensive 
commodity. Chinese soy sauce, jiàngyóu, originally included fermented fish with 
soybeans used as filler. Soybeans became main ingredient for fermented fish sauce.

• Soy sauce has a distinct basic taste called umami, ("delicious taste") in Japanese, due to 
naturally occurring free glutamate. Umami was identified as a basic taste in 1908

• Soy sauce is a salty/brown liquid, obtained by a lengthy fermentation of soybean/wheat

• First, soybeans/wheat are blended with starter culture (Aspergillus oryzae). The mix is 
fermented a few days. Enzymes produced by the mold break down the protein. This 
culture (Koji), is tranferred to fermentation tanks, where salt and water is added. This 
mash, called moroni, undergoes a further fermentation of 6 months.

• After this period, the mash is pressed to extract the shoyu.
http://www.tempeh.info/fermentation/soy-fermentation.php wikipedia
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Solid state fermentation of soybean and cereals

Aspergillus oryzae

History
• 2000-year tradition since the 

Han dynasty in China
• Spread to other Asian 

countries 
• China: 70% Soybean/30% 

wheat 
• Japan: 50% Soybean/50% 

wheat
• Indonesia: Black soybean
• “Koji” means “bloom of mold” 
• “Moromi” means “mash”

Koji

Moromi

Koji
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Soy Fermentation

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)
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Soy Sauce Process (1)

http://www.kikkoman.com/soysaucemuseum/making/02.shtml
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http://www.kikkoman.com/soysaucemuseum/making/02.shtml

Soy Sauce Process (2)
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Corynebacterium glutamicum
A «work-horse for amino acid production»

http://farm1.static.flickr.com/190/51067
6658_425afb1323.jpg

• Strain: Corynebacterium glutamicum is a key fermentative bacteria 
in production of monosodium glutamate (MSG). Discovered 1957 
in Japan as natural producer of glutamic acid, C. glutamicum is a 
gram-positive, facultatively anaerobic bacteria

• Yield: The strain was improved. Soil bacteria that produced large 
amounts of glutamic acid. Wild-type strains of this bacterium 
produced about 10 g/L glutamic acid, and with genetic engineering 
more than 100g/L.

• Applications: MSG, an umami taste enhancer, has been widely 
used in the food industry. C. glutamicum was grown in a medium 
of sugars, molasses or starch as substrate. Glutamic acid that they 
produce is filtered from the medium and neutralized to make MSG. 
After additional purification, crystallization, and drying, a white 
crystalline powder of MSG is obtained. 

• Suppliers: E.g. Ajinomoto, Kirin (Japan), CJ, Daesang (Korea), 
Meihua , Fu Feng (PRC)
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Glu

Glu

Glu
Glu

MSG Production

Medium
Inoculum

Aeration

Sugar extraction  
(cane) or starch
saccharification

(tapioca)

Heat sterilisation Starter preparation
Corynebacterium glutamicum

Fermentation
excretion of glutamate 

out of the cells

Separation, 
concentration

Precipitation 
with acid Crystallization Drying MSG

Crystals
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Miso Fermentation
• Aspergillus oryzae (filamentous fungus) used in Chinese 

and Japanese cuisine to ferment soybean.  Also used to 
saccharify rice and potatoes for alcoholic beverages 
(huangjiu, sake, shōchū) & rice vinegars.  Domestication 
of A. oryzae occurred at least two thousand years ago.

• Natural miso can contain beneficial micro-organisms 
such as Tetragenococcus halophilus (LAB)

• Japanese drink miso soup in the morning. Believed to 
induce a health promoting effect for the consumer.

• Lighter/sweeter miso: Fermented/aged 1-2 months. 
Darker miso: Aged up to 2 years. Strong/salty taste

http://www.tempeh.info/fermentation/soy-fermentation.php

wikipedia
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Tempeh Fermentation
• Traditional fermented soy (Indonesia). Binds soybean into a 

cake, like a vegetarian burger patty

• Whole soybeans softened by soaking, dehulled, cooked. 
Speciality tempehs made from other/mixtures of beans

• A mild acidulent, e.g. vinegar may be added to lower pH to 
create an environment to favor growth of tempeh mold. 

• Inoculation using spores of the fungus Rhizopus oligosporus. 
Beans are spread in a layer and fermented (24-36 h, 30 °C).

• A mild ammonia smell may accompany good tempeh as it 
ferments, but it should not be overpowering. 

wikipedia

p. 15

http://www.tempeh.info/fermentation/soy-fermentation.php
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Natto Fermentation
• Traditional Japanese food for >1000 years. Soybeans 

washed/soaked 12-20 h to increase size, then steamed 6 h

• Inoculum at 80°C to avoid contamination (Bacillus natto
spores are heat resistant). Fermented 40 °C up to 24 h 

• Aged at 5 °C, 1 week to develop stringiness. The bacilli 
develop spores. Peptidases break down the soybean protein. 
Bean softening due to pectic and proteolytic enzymes

• Odour of ammonia by fermentation of amino acids. Viscous/ 
sticky polymers (polyglutamic acid) makes natto slimy

• Bacillus subtilus natto produces enzymes, vitamins, amino 
acids & other nutrients unique to natto

http://www.tempeh.info/fermentation/soy-fermentation.php

wikipedia
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Kimchi (1)
• Kimchi (gimchi, kimchee, kim chee): traditional

fermented Korean dish from vegetables/seasonings.

• Hundreds variants of kimchi, made with vegetables
(cabbage, radish, green onion, cucumber). Most 
popular: Chineese cabbage. 

• High level of lactic acid bacteria (107 – 109 cfu/ml), 
organic acids, various nutrients and functional
components, that result from the fermentation 

• Proposed benefits: Increase appetite, control body 
weight, prevent colon cancer, probiotics, decrease
cholesterol, antioxidants (anti-aging, skin), increase
immune function

Wikipedia 

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)»
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Kimchi (2)
• Anaerobic to minimize growth of aerobic microorganisms

and stimulate LAB growth.

• Fermentation initiated by Leuconostic mesenteroides, 
producing lactic acid, acetic acid, CO2, and ethanol.

• As pH drops to 4.6-4.9 because of organic acids, 
Leuconostic mesenteroides is relatively inhibited.

• Fermentation continues with more acid tolerant species;  
Pediococcus cerevisia, L. brevis, L. fermentum, L. plantarum

• Yeast in end stage can produce tissue softening enzymes 
(pectinases can downgrade the kimchi quality).

Wikipedia 

http://eng.cjcheiljedang.com

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)»
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Kimchi - Raw Materials

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)»
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Kimchi - Flow chart

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)»
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Kimchi - Bacteria isolated after fermentation

«Handbook of Food and Beverage Fermentation 
Technology (ed. YH Hui, Marcel Dekker, Inc. 
2004)»
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Pickling
• Preserve by anaerobic fermentation in brine (salt in water) 

to produce lactic acid, or marinate/store in vinegar

• pH <4.6, which is sufficient to kill most bacteria. Pickling 
preserve foods for months. Anti-microbial herbs/spices 
(mustard seed, garlic, cinnamon, cloves) are often added

• Low Salt & Temp: Leuconostoc mesenteroides dominates, 
producing a mix of acids, alcohol, and aroma compounds.

• Higher Temp: L. plantarum dominates, producing lactic 
acid. Often start with Leuconostoc, then LAB at lower pH

• Other homo-fermentative strain: Pediococcus cereviseae

Wikipedia
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Sauerkraut
• Fermentation by LAB introduced naturally; air-borne 

bacteria on raw cabbage leaves 

• Yeasts may yield soft sauerkraut/poor flavor if  
fermentation temperature is too high

• The fermentation process has three phases.
1. Anaerobic bacteria (Klebsiella, Enterobacter), producing 

acidic environment that favors later bacteria. 
2. The acid levels too high for many bacteria. Leuconostoc

mesenteroides and other Leuconostoc take dominance. 
3. Lactobacillus species, including L. brevis & L. plantarum, 

ferment remaining sugars, further lowering the pH.

• Properly cured sauerkraut sufficiently acidic to prevent 
Clostridium botulinum (botulism toxins). pH 3.3 – 3.8

Wikipedia 

http://www.about.ch/culture
/food/sauerkraut.html 
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Sourdough Bread
• Starter: stable symbiotic bacteria & yeast present in flour

• Yeasts, e.g. Candida milleri or Saccharomyces exiguus
populate symbiotically with e.g. L. sanfranciscensis

• Fresh culture begins with flour/water. Naturally occurring 
amylase breaks down starch. Maltase generates glucose/ 
fructose that yeast can metabolize

• The LAB feed on the metabolism products of yeast

• Balanced, symbiotic culture after repeated feedings. 20-
25% of sourdough starter is mixed into the dough

• Benefits: Dough leavening, flavor, increased nutritional 
value, enhance mineral bioavailability, extend shelf-life

http://sourdough.com/forum/bethesd
abakers-3-starter-maintenance

http://sourdough.com/forum/baos-
rise-fall-and-rise
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Tea Fermentation
• Camellia sinensis leaves oxidize, if not dried. Leaves turn 

darker as chlorophyll breaks down. Tannins are released

• Enzymatic oxidation process, known as “fermentation”, is 
caused by plant's enzymes and causes the tea to darken. 

• Darkening stopped by heating; deactivates enzymes. 
Black teas: oxidization stops simultaneously with drying

• Tea is classified based on techniques and processes.
– White tea: Wilted (dried) and unoxidized
– Yellow tea: Unwilted and unoxidized, but allowed to yellow
– Green tea: Unwilted and unoxidized
– Oolong: Wilted, bruised, and partially oxidized
– Black tea: Wilted, sometimes crushed, and fully oxidized
– Post-fermented tea: Green tea allowed to fermen

http://www.dethlefsen-
balk.de/ENU/10795/ErnteVerarbeitung.
html

http://hojotea.com/item_e/b06e.htm

Darjeeling tea 
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Coffee Fermentation
• Coffee is fermented to ease removal of a mucilage layer 

from the seed/inner integument to which it adheres

• Wet processing: pulp removed by breaking down 
cellulose by fermenting beans and washing with water

• Fermentation monitored to prevent undesirable flavors

• Fermentation takes 24-36 h, depending on temperature, 
thickness of mucilage layer and enzyme concentration

• It is a mixed yeast/bacterial fermentation: 
– Yeasts:  Saccharomyces apiculatus,  Hansenispore uvarum,  

Pichia kluyveri, Kluyveromyces marxianus
– Bacteria: lactic acid bacteria, Enterobacteriaceae, Bacillus

http://www.coffeeresearch.org/agricultu
re/processing.htm

http://recipes.howstuffworks.com/coffe
e5.htm
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Kopi Luwak coffee
• Kopi luwak (civet coffee): one of most expensive and 

low-production coffee (Price up to 1000 US $/kg)

• Beans of coffee berries which have been eaten by 
Asian Palm Civet (Paradoxurus hermaphroditus), then 
passed through its digestive tract

• Eats berries for the fleshy pulp. Proteolytic enzymes 
in stomach, generating peptides & amino acids

• Passing through a civet's intestines the beans are 
then defecated, keeping their shape

• After gathering, washing, sun drying, light roasting 
and brewing: aromatic coffee with low bitterness

http://poshalert.blogspot.com/2010/07/
kopi-luwak-civet-coffee.html

http://cafe.cafes-pfaff.com/p-853-
indonesie-kopi-luwak-cafe-moulu.html

http://www.roughguides.com/website/Travel/SpotLig
ht/ViewSpotLight.aspx?spotLightID=535
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Cocoa Fermentation

Bean
(cotyledon)

Pulp

Anaerobic: Pulp sugars converted to ethanol and CO2 by yeast
Metabolism of citric acid by yeast (slow pH rise)
Pectin degradation - “sweating” - allows aeration
Inhibition of yeast - end of anaerobic phase

Aerobic:     Acetic acid bacteria - oxidation of ethanol to acetic acid
Temperature rises to 45-50 °C
Acetic acid and heat induces bean death and loss of cell compartmentation                    

Microbial fermentation in the pulp

Enzyme reactions:
Proteases:                Storage proteins to peptides and amino acids
Invertase:                  Sucrose to glucose and fructose
Glycosidases:           Anthocyanidine pigment degradation
Polyphenol oxidase: Oxidation of polyphenols (epicatechin, catechin)

Accumulation of flavour precursors
Reduction of astringency
Formation of brown insoluble pigment

Acetic acid
Heat
Water
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Dawadawa
• Diet among low-income groups in tropical Africa is 

often a mixture of cereals or starchy foods and grain 
legumes. Sometime other protein-rich seeds are 
included. Legumes and protein-rich seeds are added 
as supplement to high protein foods of animal origin, 
which are too expensive for majority.

• Dawadawa produced by fermentation (3-4 days) of 
soybean or dried African locust bean Parkia biglobosa

• Micro-organisms associated with fermentation of 
“dawadawa”, were isolated and identified: Three 
species of bacteria (Bacillus subtilis, Leuconostoc
mesenteroides, L. dextranicus) were predominant and 
most actively involved organisms. 

http://opiom.net/joomla.php?q=african-
locust-beans&page=6

http://opiom.net/joomla.php?q=locust-
beans-iru&page=4
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Bacillus subtilis
• Bacillus subtilis, known as hay/grass bacillus, is 

Gram-positive, catalase-positive soil bacterium

• Catalase is found in nearly all organisms exposed to 
oxygen: 2 H2O2 → 2 H2O + O2

• In the genus Bacillus, B. subtilis, has ability to form a 
tough, protective endospore, allowing to tolerate 
extreme environmental conditions

• Enzymes of B. subtilis & B. licheniformis are used in 
food processing and laundry detergents

• B. subtilis produces the proteolytic enzyme subtilisin
(sold as alcalase by Novozymes).

http://www.scienceknowledge.org/2010
/05/23/the-genome-of-bacillus-subtilis-
natto-sequencing/

http://www.scienceknowledge.org/2010
/05/23/the-genome-of-bacillus-subtilis-
natto-sequencing/

30Food Biotechnology W Sybesma /CE Hansen EPFL



For Internal Use Only

Malting
• Malt: The grains germinate by soaking in water, and 

are then halted from germinating further by drying

• Malting develops the enzymes required to modify 
the grain's starches into sugars such as glucose, 
fructose & maltose. It also develops other enzymes, 
such as proteases, which break down the proteins in 
the grain into forms which can be used by e.g. yeast.

• Malted grain is used to make beer, whisky, malted 
shakes, malt vinegar, confections such as Maltesers
& Whoppers, beverages such as Ovomaltine & Milo.

• Germination can generate flavor precursors, flavors, 
vitamins and reduction of anti-nutritional factors

http://en.wikipedia.org/wiki/File:Sjb_whi
skey_malt.jpgx
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Tofu and Stinky Tofu
• Coagulating soy milk and pressing the curds. 
• Coagulation of the protein and oil (emulsion) suspended in 

the boiled soy milk is the most important step in the 
production of tofu. This process is accomplished with the aid 
of coagulants (salts and acids). Enzymes are not yet used 
commercially but shows potential for firm and "silken" tofu.

• The traditional method for stinky tofu is to prepare a brine 
from fermented milk, vegetables, fish, meat; the brine can 
also include dried shrimp, amaranth greens, mustard greens, 
bamboo shoots, and Chinese herbs

• The mixed culture contains Bacillus, Streptococcus, 
Enterococcus and Lactobacillus species.

• When Bacillus spaericus is cultured in meat & fish brine, 
ammonia increases from 100 mg/l to 3400 mg/l in 10 weeks. 

• The pH drops first from 6.5 to 4.7, then increasing to 7.5
• The protein of tofu is hydrolyzed by proteases.

Wikipedia 
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Lactobacillus isolated from Sourdough

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)»
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Yeasts isolated from Sourdough

«Handbook of Food and Beverage Fermentation Technology (ed. YH Hui, Marcel Dekker, Inc. 2004)»
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